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Abstract Identifying nitrogen (N) pollution sources is
the fundamental work of non-point source pollution load
reduction from watersheds, but is hard due to complex
N transport and transformation within spatially
heterogenized huge areas. During September 2011, we
measured water characteristics and sediment N stable
isotope in four tributaries of the upper reach of the
Hun River, an important water source of the Dahuofang
Reservoir, a large drinking water source in Northeast
China. Results showed that spatial changes in SO4*~
and Cl contents in the tributaries were consisted with
the changes in density of the population living along the
tributaries. Sediment 5'°N from all tributaries showed a
downstream increasing trend in line with the land use
change, which is characterized as more farmlands and
more people around the outlet area of each tributary.
Principal component analysis indicated the population
density had a strong impact on N in these tributaries in the
low-flow period. Tributaries and villages close to the
Dahuofang Reservoir should be the major N load control
objects in reduction of non-point source nitrogen load from
the upper reach of the Hun River.
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Introduction

Non-point source (NPS) pollution has become a serious prob-
lem in China (Ongley et al. 2010) and has been concerned for
many watersheds in China and other parts of the world (Ken-
dall et al. 2007, Ouyang et al. 2012, Xu et al. 2012). Nitrogen
(N) as the main NPS pollutant is critical for quality of aquatic
ecosystems, since excessive N could lead to undesirable con-
sequences such as water eutrophication (Carey et al. 2013). In
watersheds, N derives from multiple sources including soil
erosion, storm runoff, agricultural chemicals, sewage, and
manure (Howarth 2008). Human activities such as land use
change, hydrological modifications, and agricultural manage-
ment measures affect N transport and transformation (Liu
et al. 2005, Shen et al. 2008). Due to the huge area, spatial
heterogeneity, multiple sources, and complex terrains in a
watershed, it is hard to determine the source, pathway, and
spatial distribution of N losses (Zhang and Huang 2011). To
keep the water quality of watersheds, reducing N load to rivers
is the fundamental work of NPS pollution control.

In the aquatic environment, N substances mainly exist in
dissolved forms (Jansson et al. 1994). The features of N
pollution in river water change often especially when sewage
is discharged or rainfall occurs due to intensified N transfor-
mation or transportation. Repeated determinations of concen-
trations of N substances alone can only provide information
on their temporal change trends within aquatic systems (Yue
etal. 2013). To reduce N load efficiently requires assessments
of relative contributions from different sources (Carey et al.
2013). Analyzing the land use-water quality relationship and
identifying specific N sources are both the key aspects of
watershed water quality research (Carey et al. 2013).

Sedimentation, assimilation by plants and microorganisms,
and denitrification are considered the basic mechanisms of N
removal in aquatic ecosystems. During N biotransformation,
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biological discrimination between the two stable isotopes "*N
and '°N leads to natural isotopic fractionation (Sevik and
Markved 2008). For the case of wastewater denitrification,
the lighter form of nitrogen (‘*N) is removed at a higher rate
than the heavier form ('°N), leading to an increasing '°N value
for the remaining product (Miller et al. 2010). The river
sediment, which may be assumed as a micro-ecosystem,
would assimilate N and dissimilatorily remove N through
denitrification. Under this scenario, the 5N value of sediment
in the polluted area will be eventually higher than in the
unpolluted area of a river, allowing N stable isotope ratios
("N/"N) as a reliable indicator of the N source. In water-
sheds, identifying the major N source through river monitor-
ing is the customary way. Frequent monitoring is needed to
conduct this work. Relatively inactive mobility of >N in
sediment allows it as a good indicator for tracing the N source
in rivers. Combined analysis of water characteristics and N
isotopic composition of sediment can provide more detailed
information regarding the sources and potential transforma-
tions of N load in watersheds.

The Dahuofang Reservoir, located in Liaoning Province, is
one of the largest artificial lakes in Northeast China (Wang
et al. 2011). It provides drinking water for a population of 23
million. However, since the 1990s, the quality of the water
entering this reservoir degraded, mainly due to the increase of
total nitrogen (TN) content (Baohua et al. 2007). Recently,
regarding the level of TN, the quality of water flowing
into the reservoir degrades gradually from grade 2 (TN
<0.5 mg 1I'") to grade 3 (TN<1.0 mg 1"') of the
Environmental Quality Standards for Surface Water
(GB3838-2002, China) (Wang et al. 2011, Wu et al.
2007). To stop this trend, identifying the main N pollu-
tion source to the Dahuofang Reservoir is the precondi-
tion for N pollution control. The Hun River contributes
52.7 % of the total water input to the reservoir. The
upper reach of the Hun River is consequently important
in identifying the N source to the reservoir. In this
paper, four tributaries of the upper reach of the Hun
River were sampled to examine the water characteris-
tics, sediment total N and &'°N values. We utilized
these multiple parameters to identify the main sources
of non-point N pollution to the river and examine the
link between the N pollution source and human activi-
ties. The factors affecting the spatial distribution of the
major NPS N were revealed.

Material and methods
Outline of the study area

The upstream area of the Hun River is situated in the northeast
of the Dahuofang reservoir with a mountainous forest terrain
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and a drainage area nearly 2700 km?. It is also the
primary N pollution source to the Dahuofang Reservoir
(Tang et al. 2012). The altitude of this area is high in
the east and low in the west with an average elevation
change from around 1100 to 300 m. Forests cover
nearly 67 % of the river’s drainage areas, and agricul-
tural and residential areas are mostly limited to the
areas close to streams (Fig. 1). The average annual
precipitation of this area is 804 mm, mainly occurring
in summer (from June to early August). The average
annual temperature is about 6.6 °C. River flow changes
in this area are in line with rainfall variation during the
rainy season. Most tributaries in this area are shallow,
with depths ranging from 0.3 to 1.2 m. This area is
poorly developed with few heavy industries and sewage
facilities for rural areas. Villages and small towns are
the foremost inhabitation pattern for people living there.
In 2011, the population living in this area is about 260
thousand. The study was conducted at four main tribu-
taries (Dasuhe, Nankougian, Beisanjia, and Nanzamu) of
the upper reach of the Hun River (Fig. 1). The land use
patterns of the surveyed tributaries are similar, with
more forest coverage in the upper reaches and more
farmlands and residential areas situating along the trib-
utaries at the outlet area. The detail information of these
tributaries was listed in Table 1.

Sampling and processing

Between September 3 and 7, 2011, we collected water and
surface sediment samples at 17 sites from the source to outlet
sites of the four tributaries (Fig. 1). A drifting park is located in
the river valley down from the site HRS to the mainstream of
the Hun River. Owing to the banning of entering and the
canyon topography, we did not get samples down from
site HRS to the mainstream of the Hun River. The water
samples from each site were sampled and stored with
polyethylene plastic bottles pre-rinsed with distilled wa-
ter. Sediments from those sites were sampled and sealed
in clean plastic bags.

All the water and sediment samples were kept below 4 °C
and transported to the laboratory for further analysis. The
water samples were stored separately for each analytical pro-
cedure: major ions (Na*, K*, Ca®*, Mg**, CI', and SO,%),
inorganic N (NO;~, NO,, and NH,"), and dissolved N (DN,
including both organic and inorganic N in water soluble
form). Water samples for the above analysis were filtered with
millipore filters (0.45-um pore size, MF-Millipore,
USA) before analysis. Sediment samples were dried at
60 °C for 24 h and grinded through a sieve of 0.15 mm
before analysis for N isotope and TN. Electric conduc-
tivity and pH of the water samples were measured by a
EUTECH PH510 pH analyzer. We obtained the
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watershed area and social data (population, farmland, resi-  Bureau Ministry and Water Conservancy Bureau of Qingyuan
dential area, etc.) of each tributary, from the Statistics = County Government.
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Table 1 Background informa-

tion of the four surveyed Tributaries Drainage Population Population density Farmland area Villages/towns
tributaries area (km?) (thousands) (people km %) percent (%) area percent (%)
Dasuhe 275 8.6 31 5.1 0.19
Nankougian 334 234 70 16.3 0.61
Beisanja 273 14.7 54 2.6 0.46
Nanzamu 63.5 20.3 320 17.9 4.5

Laboratory analysis

Major ions in water samples were measured by ion chromatog-
raphy DIONEX ICS-900. DN in water samples were analyzed
by an analytikjena multi N/C” 3100 analyzer. TN in sediments
were measured by hydrofluoric acid modification of the Kjedahl
method (Bremner and Mulvaney 1982). For isotopic analysis, a
Finnigan MAT DELTA plus XP stable isotope ratio mass spec-
trometer was used to analyze the TN isotope ratio ("’N/"*N),
which was calculated by the standard equation: 5'°N=1000x
[(R sample/ Rair)— 11, where Rypie and Ry, are the N/'*N ratios
for the sample and the atmospheric N, (international standard),
respectively. The results were in units of parts per mil (%o), with
standard errors better than +0.15%o for 5'°N.

Data analysis

The differences in each specific ion content in water between
sampled tributaries were tested by one-way analysis of vari-
ance (ANOVA) with a multiple comparison test («=0.05).
The least significant difference (LSD) test was used to assess
the differences when the differences were found to be signif-
icant (p<0.05). Social data were used to examine the relation-
ships of water characteristics and sediment 5'°N values with
social variables. Principal component analysis (PCA) was
used to reduce the number of variables. All statistical analyses
were performed on IBM SPSS Statistic version 21.0.

Results and discussion
River water ions characteristics

The ion features of river water samples (Table 2) were similar
as previously reported (Zhang et al. 2012), with SO,>, NO;
CI, Ca*", and Na" being the dominant ions. This is consistent
with the hydrological feature of this region that rainfall and
forest runoff are the main sources of water in the upper reach
of the Hun River. The Nanzamu tributary had significantly
higher contents of SO, and CI” than the other tributaries,
with average differences of 42.8 and 7.9 mg 1! for SO,*~ and
CI, respectively (ANOVA, p«0.001). This is consisted with
the highest population density (320 people km 2) from the
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Nanzamu tributary. Chemical fertilizers and detergents are an
anthropogenic source of SO,° in the water (Hosono et al.
2011), and sewage is an important source of Cl~ (Altman and
Parizek 1995). Lower values for these two ions from the more
ecastern tributaries (Table 2) were consisted with their lower
population densities (Table 1).

Spatial patterns of NH, ", NO; ", and DN in water

For the spatial distribution of NH,4", NO;~, and DN, there
were no significant differences between the four surveyed
tributaries according to ANOVA. Source samples from the
Nankougian tributary had the highest DN value compared to
the source samples from the other three tributaries, mainly due
to the presence of farmlands around its source site. A previous
study around this area has confirmed that farmland non-point
pollutants deteriorated the surface water quality during the
low-flow period (Wang et al. 2013).

Nitrate N accounted for the highest ratio of DN in the
tributary water samples, ranging from 66 to 99 %. Sharp
increases in levels of N substances occurred in the Dasuhe
and Nanzamu tributaries before they merged the main river. N
fertilizers are often applied at rates over 400 kg N ha™' in
Northeast China (Ju et al. 2007). More field runoff and sewage
drainage around the outlet areas of the two tributaries would
cause higher N inputs into the tributaries. A downstream
decline trend in levels of N substances in the Nankouqian
and Beisanjia tributaries (Table 2, Fig. 1) was mainly ascribed
to the effect of water dilution and mixing. Shallow sediment
layer over the steep riverbed and fast water flows resulted in
little presence of aquatic plants for N immobilization and
aerobic condition (6.3—13.8 mg 1" O, from the source site
to the outlet) to greatly limit N removal through denitrification
in the tributaries, while the low levels of NO, detected at the
source sites of Nanzamu tributary may come from the process
of nitrification.

Chloride ion is conservative in natural water, and small
changes in level of CI™ were observed in the water flow
(Table 2). The comparison between NO; and CI™ can be used
to determine whether NOs ™ is conservative relative to CI™
(Altman and Parizek 1995). Fertilizers and sewage are the
source of both N and C1~ (Altman and Parizek 1995). More
fields and villages at the outlet areas of the tributaries were the
common land use distribution patterns in this region (Fig. 1).



2703

Environ Sci Pollut Res (2015) 22:2699-2707

9]qBIORJOP-UOU P71 “PIJII)AP J0U "PU

Lore ro)veor  8v $0T pu pn 8IS pn Gl o 8c¢ v6 €T Tl €0SEL  YSITLYLE 1Y LIVOY HTILTH
(1'0) 6'5(80°0) LS0E 6L 6'v€ pu pn S6v P L6 0 68C §9 LT 10l 0TETL  0618T0S6' 1Y TTLEY FTI9TIH
(o) cy (T0) £9°0¢ €T I'6 €0 0 372 I'T 09 10 9T YL 6t €01 66y’ L YITI9EEE TV STSHHTISTEH
Tooz (rosyoc ¢ el 0 pn 09L Lo Tl o Ll v0 TO t0 SOIT'L  TETTL66S 17T008F YTIPIYH — nurezueN
(t'0) 8's(c0'0) 2I'0E 90 0C pn 10 YL S0 S1 pu g8 91 LT 9T L8EL  69¥198€0°TH 119994C1 €TIH
(10) Ts(€o0) t00T 91 €S pu 70 6'LI P 9T U 6LI ve  9¢ 8¢ TCEL  LLY90E60 THTL690HTITTIIH
(L0'0) L€(€00) LTOE 8T ¥'s pu 0 Sl Lo L1 pu LTI L LT 6¢€ LSE9  96¥9SSET THHO9rO T ITYH  eiluesiog
(To) 6s(c00) 10 +°0 91 pu 10 6'S pn T pu 9L 1 Tl €¢ 6L8°9  8TY19886° 1+ 19€SSHCIOTIH
(1'0) +°$(20°0) 600 0T €8 pn pn 8'TT pn ¢ 0 v 9Y 8T 9 LIT69  9b¥9$S86'THL9109'vCT 6¥H
(1'0) $%(20°0) L00€ IC I's pu pn v'1T ¢l 0 S¢I 6T ST LY 12169 T9VE8SLE THLITTLHTT SIH
(Trose (ro)1roe st ol pu pn v ¢ o L9I1 Le €¢ LS 091L°L  T6V6E100 THE8008'¥CT LIH
(Troyce (To) L10E  TL 184 pu pu TIE P g¢ U 061 ge  vT LS SSTL  0£SH69T0°T908€8+TT 9UHUEIbnoxueN
(%% vIo1 L0 0¢ pu 10 6'S Tl PuU 69 vl TrLIT vST 8 69£90896'1+ SLIGHCI SUH
(1'0) £€(900) ¥1°0T 'S TIc pu pn 6'11 pn g¢ pu S6 61T L0 € LTI6'9  LOV6E9E6' THLI606'FCT vIH
(To) 0v(z00) €0 81 SL pu pn 6'tC pn T o LLl e LT Ty WITL  6THE8016'T¥ 1980671 CIH
90 9e (o) 1cor €1 9y pu pn S6l P o€ o 9L1 €e €1 6¢ 801L9  ILVE00I6'IH8LLIE YT TIH
oz (ro)vcoe 61 I8 pu pn (84 L pu €l € €1 ST TES'L  LPS6EISS IHLI9€6'HCT [MH  dunse(
(%) N1 @ (%) NLu
(HSF) oAy
(;18w) (_18w) (,_[8w) (_Sw) (,_[Sw) (,_[Sw)(_|Sun)(,_|suw) (,_|Suwr) (_|Sur)(,_| Sw)(,_| Sur) (;_wo gri) () (o) (o)
swoumpes - N _'ON °ON ,"HN _JOos _fod IO A B AN M (BN Ananonpuo)Hdepmnly opryneopmnsuo oS SoLenguy,

IOATY UNg ay) Jo yoear roddn oy JO SALIRINGLY) UTBW INOJ WOIJ SO} SNOLIA Je so[dues Juawpas pue 1ojem Jo SIsA[eue [edruay) g AqeL

pringer

As



Environ Sci Pollut Res (2015) 22:2699-2707

2704
8
——@——  Dasuhe tributary
) o Nankougian tributary
Beisanijia tributary
o Nanzamu tributary
8 %
3]
‘o
o
z
34
©
2
o}
= o
14
2 <
(¢}
0 T T T T T T

30
Downstream distance from the source site (km)

Fig.2 Downstream changes in ratio of NO; to Cl in the four tributaries

Compared to the relatively high ratio of NO; to CI™ at the
source site, more field runoff and village sewage likely caused a
much higher input of CI" relative to NO; , resulting in the
obviously lowered ratio of NO5 ™ to CI™ at the outlet site of each
tributary (Fig. 2). In addition, N removal through denitrification
in the sewage could not be fully excluded before being fully
mixed with well-aerated water from the source site, also possi-
bly lowering the ratio of NO; to CI in the tributary. More
information beyond the measurement of the characteristics of
river water, such as the measurement of the characteristic of
sewage and farmland runoff, is needed to further reveal the
changes in ratio of NO3 to ClI to the tributaries.

Identifying main N source based on sediment &§'°N

The sediment 5'°N values showed a similar downstream trend
of increase for each tributary (Table 2, Fig. 3). Sediment N in

the tributaries derived from various sources, including forest
runoff, chemical fertilizers, sewage, and manure, each with a
specific range for 5'°N value to affect sediment 5'°N value.
The 5'°N values were typically around +0%o for chemical N
fertilizer, +2 to +5 %o for soil, and +8.0 to +20.0 %o for sewage
and manure (Kendall and MacDonnell 1998, Liu et al. 2006,
Kendall et al. 2007, Xue et al. 2009). In this study, the
distribution of the sites with 6'°N values less than +5 %o
suggested that N from forest and field soil runoff is the major
nitrogen load at the source and upstream sites of each tributary
(Table 2, Fig. 3).

5'°N is very sensitive to reflect the input of anthropogenic
N (Bowen et al. 2007) and the enrichment of §'°N value by
anthropogenic discharge can far exceed any differences
caused by other processes, such as trophic enrichment (Miller
et al. 2010). The downstream increasing trend of 5'°N values
for each tributary suggested anthropogenic contributions pri-
marily from village sewage and manure. Except for the
Dasuhe tributary, the 5'°N values higher than +5%o suggested
that sewage and manure were both very important N sources
to the downstream areas of the more western tributaries.
Farmland is usually considered as an important pollution
source to degrade water quality (Iscen et al. 2008). A previous
study around this area indicated that NPS pollutants from
farmland are the major threat to water quality of the Hun River
(Wang et al. 2013). However, farmland runoffs depend more
on rainfall events while N loads from villages are much more
consistent and depend on human activities. Our results were
obtained during periods with no significant rainfall events.
The sediment §'°N values suggested the contribution of N
loads from villages to the tributaries was very important
during such periods. Specifically, the relationship between
sediment 5'°N values versus TN values in the Nanzamu
tributary was found to be quite different from that in the other
three more eastern tributaries, primarily due to the significant

Fig. 3 Spatial changes in 5N 124°8°E  124°16F 1/2::124'!-: 124°32E  124°40E  124°48'E  124°S6E  125°4E 125712 125°20F
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differences in TN value (p<0.05) (Fig. 4). It suggested the N
sources for the four sampled tributaries were generally the
same, but the Nanzamu tributary received more N load.

Anthropogenic nitrogen contributions

Together with results on sediment 8'>N values (Table 2) and
their westward increase trend (Fig. 3), the positive relation-
ships between the sediment 5'°N values at the outlet sites of
each tributary and the population densities and the relative
area ratios of villages of each sub-watershed (Fig. 5) sug-
gested anthropogenic N from sewage and manure is the main
NPS N source for the more western tributaries. PCA analysis
between DN, 5'°N, and the social variables (population, pop-
ulation density, and villages percent) (Table 3) showed that
two principal components PC1 and PC2 respectively ex-
plained 73.4 and 23.5 % of the total variance, and loadings
in PC1 were characterized as 5'°N (0.89), population density
(0.99), and villages percent (0.98) (Table 3), further suggest-
ing that the population density and village percent are impor-
tant social variables for 5'°N values in the surveyed
tributaries.

A positive trend of outlet 5'°N values of sediments with the
population size of a watershed has been reported (Costanzo
et al. 2005, MacAvoy et al. 2009, Miller et al. 2008, Miller
et al. 2010), but was not observed in this study, likely due to
the specific population distribution pattern along the four
tributaries, where people mainly inhabit along the tributaries,
especially at the outlet areas. A higher population density at a
particular location of a tributary would cause more anthropo-
genic N load into the tributary.

Changes in 5'°N value as a time-averaged measure of past
activities (Tieszen et al. 1983) are affected by a number of
factors. In this study, rainfall events in the rainy season (June
to August) would be one of the critical factors affecting N
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Fig. 4 Sediment §'°N versus TN concentration of the four surveyed
tributaries
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Fig. 5 Plot of sediment nitrogen stable isotope ratios at each tributary
outlet site against the population density (number of people per square
kilometer) (a) and the percent of villages (rate of villages to the whole
sub-watershed area) (b) for each tributary. Regression of sediment 55N
(R*=0.92, 0.95, respectively) was significant (p=0.05)

transportation and transformation in sediments of the four
tributaries, due to steep riverbeds, fast water flows, and shal-
low sediment depths. Sediment 5'°N values likely vary to
some extent during the rainy season but would much less in

Table 3 Component
Matrix of DN and 5'°N
to social variables per-

Component matrix®

formed by PCA Component
1 2

DN 0.77 —0.61

8PN 0.89 0.35

Village percent 0.98 —0.18

Population 0.56 0.79

#Two components
extracted

Population density 0.99 -0.11
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the low-flow period if without anthropogenic impacts. Our
survey was conducted in September, and the impact of rainfall
would be small on the §'°N values of the sediments. The
observed spatial changes in &'°N value of the sediment could
be used as a reference to well reflect the anthropogenic con-
tributions of N substances in the upper reach of the Hun River.

Conclusion

Spatial changes in river water characteristics such as contents
0f SO,*~ and CI” and the ratio of NO5 to CI and in sediment
N isotopic values could be used together to provide more
information for identifying the N load sources in the forest-
dominated upper reach of the Hun River. Due to a relatively
low ratio to the watershed area, farmlands are not the principal
N source of the four sampled tributaries. Within each tributary,
N load in the upstream area is primarily from forest runoff
while N load in the outlet area may mainly derived from
anthropogenic inputs with the greatest contribution from sew-
age and manure, especially in the low-flow period. With more
people living close to the tributaries, especially around the
outlet areas, the population density rather than the population
size had a stronger impact on the NPS N load to the upper
reach of the Hun River. Considering the capacity of river self
purification and the spatial distribution of N in the upper reach
of the Hun River, tributaries and villages close to the
Dahuofang Reservoir should be the major N load control
objects.

Acknowledgments We thank the staff members of the Qingyuan Ex-
perimental Station of Forest Ecology, Chinese Academy of Sciences, with
the help of water sampling. This study was funded by the Major Science
and Technology Program for Water Pollution Control and Treatment of
China (2012ZX07202008).

References

Altman SJ, Parizek RR (1995) Dilution of nonpoint-source nitrate in
groundwater. J Environ Qual 24:707-718

Baohua L, Shuanfa C, Yanbo Z, Shuying C (2007) Water quality variation
and safe early warning in Dahuofang reservoir (in Chinese). Dong
Bei ShuiLi Shuidian 2:54-56

Bowen J, Kroeger K, Tomasky G, Pabich W, Cole M, Carmichael R,
Valiela I (2007) A review of land—sea coupling by groundwater
discharge of nitrogen to New England estuaries: mechanisms and
effects. Appl Geochem 22:175-191

Bremner JM, Mulvaney CS (1982) Methods of soil analysis. Nitrogen-
total. ASA and SSSA, pp 595

Carey RO, Hochmuth GJ, Martinez CJ, Boyer TH, Dukes MD, Toor GS,
Cisar JL (2013) Evaluating nutrient impacts in urban watersheds:
challenges and research opportunities. Environ Pollut 173:138-149

Costanzo SD, Udy J, Longstaft B, Jones A (2005) Using nitrogen stable
isotope ratios (5'°N) of macroalgae to determine the effectiveness of

@ Springer

sewage upgrades: changes in the extent of sewage plumes over four
years in Moreton Bay, Australia. Mar Pollut Bull 51:212-217

Hosono T, Wang CH, Umezawa Y, Nakano T, S-i O, Nagata T,
Yoshimizu C, Tayasu I, Taniguchi M (2011) Multiple isotope (H,
O, N, S and Sr) approach elucidates complex pollution causes in the
shallow groundwaters of the Taipei urban area. J Hydrol 397:23-36

Howarth RW (2008) Coastal nitrogen pollution: a review of sources and
trends globally and regionally. Harmful Algae 8:14-20

Iscen CF, Emiroglu O, Tlhan S, Arslan N, Yilmaz V, Ahiska S (2008)
Application of multivariate statistical techniques in the assessment
of surface water quality in Uluabat Lake, Turkey. Environ Monit
Assess 144:269-276

Jansson M, Andersson R, Berggren H, Leonardson L (1994) Wetlands
and lakes as nitrogen traps. Ambio 23:320-325

Ju XT, Kou CL, Christie P, Dou ZX, Zhang FS (2007) Changes in the soil
environment from excessive application of fertilizers and manures to
two contrasting intensive cropping systems on the North China
Plain. Environ Pollut 145:497-506

Kendall C, MacDonnell JJ (1998) Isotope tracers in catchment hydrology.
Elsevier, New York

Kendall C, Elliott EM, Wankel SD (2007) Tracing anthropogenic inputs
of nitrogen to ecosystems. Stable isotopes in ecology and environ-
mental science, vol 2. Blackwell, New York, pp 375449

Liu GD, Wu WL, Zhang J (2005) Regional differentiation of non-point
source pollution of agriculture-derived nitrate nitrogen in ground-
water in northern China. Agric Ecosyst Environ 107:211-220

Liu CQ, Li SL, Lang YC, Xiao HY (2006) Using 5'°N-and 5'#0-values
to identify nitrate sources in karst ground water, Guiyang, Southwest
China. Environ Sci Technol 40:6928-6933

MacAvoy SE, Ewers EC, Bushaw-Newton KL (2009) Nutrients, oxygen
dynamics, stable isotopes and fatty acid concentrations of a fresh-
water tidal system. J Environ Monit 11:1622-1628

Miller TW, Brodeur RD, Rau GH (2008) Carbon stable isotopes reveal
relative contribution of shelf-slope production to the Northern
California current pelagic community. Limnol Oceanogr 53:1493

Miller TW, Omori K, Hamaoka H, Jy S, Hidejiro O (2010) Tracing
anthropogenic inputs to production in the Seto Inland Sea, Japan-
A stable isotope approach. Mar Pollut Bull 60:1803—-1809

Ongley ED, Xiaolan Z, Tao Y (2010) Current status of agricultural and
rural non-point source pollution assessment in China. Environ Pollut
158:1159-1168

Ouyang W, Huang H, Hao F, Shan Y, Guo B (2012) Evaluating spatial
interaction of soil property with non-point source pollution at wa-
tershed scale The phosphorus indicator in Northeast China. Sci Total
Environ 432:412-421

Shen Z, Hong Q, Yu H, Liu R (2008) Parameter uncertainty analysis of the
non-point source pollution in the Daning River watershed of the Three
Gorges Reservoir Region, China. Sci Total Environ 405:195-205

Sevik AK, Merkved PT (2008) Use of stable nitrogen isotope fraction-
ation to estimate denitrification in small constructed wetlands
treating agricultural runoff. Sci Total Environ 392:157-165

Tang J, Liu C, Yang W, Li ZY, Wu JX (2012) Spatial distribution of non-
point source pollution in Dahuofang reservoir catchment based on
SWAT model (in Chinese). Sci Geogr Sin 10:306-311

Tieszen LL, Boutton TW, Tesdahl K, Slade NA (1983) Fractionation and
turnover of stable carbon isotopes in animal tissues: implications for
5'3C analysis of diet. Oecologia 57:32-37

Wang J, Shen Y, Zhen H, Feng Y, Wang Z, Yang X (2011) Three-
dimensional numerical modelling of water quality in Dahuofang
reservoir in China. Sci China Phys Mech Astron 54:1328-1341

Wang R, Xu T, Yu L, Zhu J, Li X (2013) Effects of land use types on
surface water quality across an anthropogenic disturbance gradient
in the upper reach of the Hun River, Northeast China. Environ Monit
Assess 185:41414151

Wu G, Cai J, Fu H, Wang Y, Wei J, Jiang P, Fu X, Liu Y (2007)
Application of fuzzy comprehensive assessment in risk assessment



Environ Sci Pollut Res (2015) 22:2699-2707

of water pollution conditions in downriver area of Dahuofang res-
ervoir (in Chinese). Environ Sci 28:2438

Xu K, Wang Y, Su H, Yang J, Li L, Liu C (2012) Effect of land-use
changes on nonpoint source pollution in the Xizhi River watershed,
Guangdong, China. Hydrol Process 27:2557-2566

Xue D, Botte J, De Baets B, Accoe F, Nestler A, Taylor P, Van Cleemput
O, Berglund M, Boeckx P (2009) Present limitations and future
prospects of stable isotope methods for nitrate source identification
in surface- and groundwater. Water Res 43:1159-1170

Yue FJ, Li SL, Liu CQ, Zhao ZQ, Hu J (2013) Using dual isotopes to
evaluate sources and transformation of nitrogen in the Liao River,
northeast China. Appl Geochem 36:1-9

Zhang H, Huang GH (2011) Assessment of non-point source pollution
using a spatial multicriteria analysis approach. Ecol Model 222:313—
321

Zhang X, Jiang H, Zhang Q, Zhang X (2012) Chemical characteristics of
rainwater in northeast China, a case study of Dalian. Atmos Res 116:
151-160

@ Springer

2707



	Utilizing...
	Abstract
	Introduction
	Material and methods
	Outline of the study area
	Sampling and processing
	Laboratory analysis
	Data analysis

	Results and discussion
	River water ions characteristics
	Spatial patterns of NH4+, NO3−, and DN in water
	Identifying main N source based on sediment δ15N
	Anthropogenic nitrogen contributions

	Conclusion
	References


