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ABSTRACT

Nitrate pollution in surface and groundwater has become a worldwide environmental
problem. For better water quality management, it’s important to know total NO3" loads and
identify the proportional contributions from multiple NO3™ sources. Stable isotopes of NO3", the
O15N value and the 8180 value, have been frequently used to identify NOs3™ sources in water.
However, due to complexity in the N cycle, mixing multiple sources and fractionation during
biological processes often caused biased and uncertain results. One possible solution is to use
SIAR, a linear mixing model running in R, to estimate the proportional contribution from
multiple NO;3™ sources. Unfortunately, SIAR cannot distinguish manure and septic sources, which
requires the analysis of other chemical components, such as sodium, caffeine. A research
approach is proposed to pilot a unified method to identify NO3" sources, determine their isotopic
signature, and estimate each source’s contribution by using the Fall Creek Watershed as a proof-

of-concept study area.
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1. Introduction

Nitrogen is an extremely abundant element in the earth’s atmosphere. As a foundation for
metabolism and a major nutrient for plant growth, nitrogen is essential for all life on earth
(UNEP, 2019). However, at the same time, most of the waste from human and animal
metabolism as well as the fertilizers supplied to increase crop yields can also contaminate surface
and groundwater, causing serious water pollution, reducing biodiversity, and destroying the
ecosystem (UNEP, 2019). As a result, nitrogen contamination in water has become a worldwide
environmental problem. In Frontiers 2018-2019 Emerging Issues of Environmental Concern, the
United Nations Environment Programme advocated that global society needs a holistic approach
for nitrogen management requiring multiple fields to work together, in an effort to precisely
identify nitrate sources to formulate and improve relevant policies (UNEP, 2019).

The nitrate sources have great diversity, mainly from industrial fertilizer applied on
agricultural land, animal waste, septic system, atmospheric precipitation, and biologically fixed
nitrogen in the soil (Zhang et al., 2014). Quantifying the sources and loads has become
increasingly important. Stable isotope data of NO;3™ is a great approach to estimate NO3™ sources
because the isotopic composition ratio of NO3™ are generally distinctive among different sources.
(Xue et al., 2009). Initially, N isotope data were used to determine the main NOj3™ sources, but
when multiple sources’ isotope values overlap each other, it is difficult to use a single isotope to
distinguish (Kohl, 1971; Heaton, 1986; Wells & Krothe, 1989). O isotopes can distinguish some
sources that are indistinguishable by N isotopes. Therefore, using both N and O isotopes have
been widely used together to determine the main source of NO3;™ (Wassenaar, 1995). However,
the isotopic analysis method cannot generate a quantitative result for two reasons. One is that

NOs™ in surface water or groundwater is a mixture coming from multiple sources. The isotopic



composition ratio of a mixture may be an intermediate value, which does not belong to any
typical isotope value of NO3™ sources, making it hard to identify and quantify the source. The
other is that nitrogen cycling varies based on climatic and biological conditions. Various
fractionation processes can change the original isotopic composition (Heaton, 1986; Xue et al.,
2009; Xue et al., 2015).

One possible solution is Stable Isotope Analysis in R (SIAR), a stable isotope mixing
model package running in R statistical computing program, which can estimate the probability
distribution for the proportional contribution of each source to the mixture (Parnell & Jackson,
2008; Xue et al., 2009). Even if there are multiple sources of NO3", SIAR can still identify their
proportional contribution, as the fractionation parameter is considered in the calculation process.
However, when inputting N and O isotope values into SIAR to calculate the proportional
contribution of sources, most studies so far put manure and septic in one group (Yang et al.,
2013; Ding et al., 2014; Matiatos, 2016; M. Zhang et al., 2018; Y. Zhang et al., 2018). The main
reason is that the N and O isotope values of manure and septic basically coincide. To solve this
problem, SIAR can be further assisted by the hydrochemistry approach that finds the unique
characteristics for manure and septic respectively.

To discuss these issues and present some possible solutions this paper will address three
critical components of using isotope tracking : (1) the fundamental principle of the isotope, (2) a
literature review and evaluation about isotopic methods used for NOs™ sources identification, and
(3) a research proposal to illustrate a possible approach to overcome our present approaches. The
main purpose of this article is to find gaps in existing methods on NO;™ sources identification and

provide effective information for future research.



2. Fundamental Principle of the Isotope
2.1 Definition

Isotopes are atoms of the same element that have the same numbers of protons and
electrons but different numbers of neutrons. It means that various isotopes have similar charges
but different masses. The stable isotopic compositions of elements are "delta" (&) values, per
thousand (denoted as %o, pronounced as per mile) enrichments or depletions relative to a

standard of known composition. § values are calculated by:

R
8(in %o) = (M — 1) 1000

Rstandard

where "R" is the ratio of the heavy to light isotope. Comparing sample’s ratio to a standard ratio
would be more precise. A positive § value indicates that there are more heavy isotopes in the
sample than the standard, and vice versa. For example, if §!'°N of one sample equals to 10%o,

this sample contains 10%o more '°N relative to the standard. (Kendall & Caldwell, 1998)

2.2 Fractionation

Although different isotopes of the same element have similar physical and chemical
properties, because of slight mass differences, for some elements of light atomic number, these
small mass differences will greatly impact their physical, chemical, and biological processes or
their reactions to fractionate the relative proportions of isotopes. As a result of fractionation
processes, waters and solutes often develop unique isotopic compositions (the § value) that may
be indicative of their source or the processes that formed them. There are two types of
fractionations: equilibrium fractionation and kinetic fractionation. (Kendall & Caldwell, 1998)

For reversible equilibrium reactions, the heavier isotope generally prefers accumulating in

the compound with a higher oxidation state. For example, during the reversible equilibrium



reaction between ammonia and ammonium, ammonium has a higher oxidation state so it tends to
be ’N-enriched. The difference between §'°N-NH4" and §'°N-NH3 can be as high as 25%o to
35%o. For irreversible unidirectional kinetic reactions, the remaining substrate becomes gradually
more enriched with the heavy isotope, and products are depleted. For example, after the
denitrification process, the remaining NO3™ will be §'*N-enriched, and the difference between
6'5N-Nz and §'°N-NOj" can be as low as -35%o. (Heaton, 1986, Xue et al., 2009, Kendall &

Caldwell, 1998)

3. Different Methods
3.1 Single Isotope: 6'°N Value of NOs-

There are two stable nitrogen isotopes: '“N and '°N. Nitrogen in the atmosphere is mainly
consists of N (99.6337%) and >N (0.3663%), and the ratio of '>N to '*N is a constant number
0.366% (Junk & Svec, 1958). Therefore, air is set the standard to determine §'°N value, which is
distinct among different nitrogen sources.

Typical §'°N value ranges of different sources are displayed in Figure 1. Artificial
fertilizers, such as NH4", NOs, Urea, are derived by industrial fixation of atmospheric nitrogen
with little isotopic fractionation, so the §'°N value of fertilizer is close to zero, ranging from -3%o
to 3%o (Heaton, 1986). 6'°N value is light in precipitation, but has a wider range typically from -
10%o to 8%o, because it is determined by complicated atmospheric chemical reactions (Xue et al.,
2009; Zhang et al., 2019). Soil N is mainly affected by mineralization and nitrification, and it
also reflects the site’s history, climate, and vegetation. The §'°N value of soil N typically ranges
from 0%o to 8%o (Xue et al., 2009). Compared with the sources mentioned above, the §'°N value

of manure and septic are relatively high. Animal feces will volatilize during storage and



transportation. NHa+ has a higher oxidation state so it tends to be ’N-enriched and consequently
results in ’N-enriched NOs~. The §'°N value of manure ranges from 5%o to 25%o, and the value

of sewage ranges from 4%o to 19%o (Xue et al., 2009).

Ammonium fertilizer - o q—m—p o
Nitrate fertilizer - o|—|:D—| o
Urea - o—[h
Ammonium precipitation - H [ ——-
Nitrate precipitation - oob— [ F—oo o
Soil N - o o o[+
Manure - wop— [ |——o ocoo
Sewage - o ;_D:}_p»
Uncontaminated ground water | H_TH
Ground water with nitrate sources - oH [ o
Uncontaminated surface water o — [ Ho
Surface water with nitrate sources o ob——] }F—+ o
-20 -1I0 (I) 1I0 2I0 3IO 40

85N (%)

Figure 1 Box plots of §15N values of NOs- from various sources and sinks. Box plots illustrate the 25th, 50t
and 75th percentiles; the whiskers indicate the 10th and 90th percentiles; the circles represent outliers. (Xue
etal. 2009)

In the 1970s, when the NOs™ content of surface water in the United States continued to
increase, a question came up: “What fractional responsibility must the rising rate of application
of inorganic nitrogen fertilizers bear for the increase in the nitrate concentration” (Kohl et al.,
1971). To answer this question, the first study of using §'°N Value to identify dominant NO3
was done by Kohl et al., and it was plausible to give a quantitative estimation of the contribution
of fertilizer to NO3™ contamination in a large area in Illinois corn land. Kohl’s study only
considered two possible sources of NOs3™ found in surface water. One is soil nitrogen with §'°N
value 13%o, and the other is the fertilizer with §'°N value 3%o. The 6'°N value of surface water

was 7.5%o. A linear interpolation of §'°N value between soil nitrogen and fertilizer indicates



55% NO;™ was provided by fertilizer. This was a good attempt, but the result was based on many
assumptions and there were many uncertainties. First, it was mostly that there were more than
two potential sources of NOs". Second, the interpolation method used the estimated mean §'°N
value to calculate sources’ contribution, but the deviation and distribution of § °N value were not
considered in this study, which led to a biased result. Kohl’s research results attracted concern
and criticism, and consequently a large number of related experiments using N isotopes to
determine the sources of NOs™ were carried out. It turned out that the §'°N value can indeed be
used in determining the sources of NO3- pollution, but it requires more detailed work than what
Kohl did, and it usually gets semi-quantitative results rather than quantitative results (Heaton,
1986).

Merely the §'°N value signature alone cannot identify NO3™ sources. Even if the possible
ranges of different sources’ §'°N value are collected accurately and precisely, the ranges overlap
with each other. With an increasing number of studies, possible ranges of §'°N value become
much broader. Sources from fertilizer, atmosphere, and soil have similar value; sources from
manure and sewage have similar value. What’s worse, the typical ranges of §'°N value may not
be a suitable reference when NO;™ comes from mixing sources or kinetic isotope fractionation
occurs. If NOs™ comes from more than two sources, using §'°N values alone cannot identify
which source is the dominant one. Further with kinetic fractionation, some processes such as
denitrification, will result with the remaining NOs™ tending to have a much higher §'°N value
than what it should have. §'°N value alone is not enough, and other methods are needed to assist

the identification of NO3™ sources.

3.2 Dual Isotopes: 6'°N Value and §'%0 Value of NO5-



There are three stable oxygen isotopes: °0 (99.759%), 7O (0.037%), and 30 (0.204%).
Vienna Standard Mean Ocean Water (VSMOW) is the standard for §'30 evaluation (Xue et al.,
2009). The combination uses of §'°N value §'%0 value of NOs™ can date back to the late 1980s
and early 1990s. Béttcher et al. used >N and '*0 of NOs™ for evaluation of microbial
denitrification in 1990; Durka et al. used §'°N value 6'®0 value to determine the effects of forest
decline on uptake and leaching of deposited NO3™ in 1994 (Wassenaar, 1995). Their results
indicated that oxygen might be a useful tracer of NOs™ sources and then oxygen isotopes became
widely used as an additional mean in NO3- sources identification.

The typical §'*0 value ranges of different sources are displayed in Figure 2. O is more
useful than N to separate microbiologically fixed NO3™ from atmospheric deposition and NO3"
fertilizer. The 630 value of microbial-produced NOs™ is determined by oxygen in both H>O and
O,. Microbial-produced NOs™ is composed of two oxygen atoms from H>O and one oxygen atom
from O, (Xue et al., 2009). Theoretically by calculation, the §'%0 value of NOs™ derived from
nitrification should range from -10%o to 10%o. The §'30 value of atmospheric O is around
23.5%o. The '*0 in atmospheric deposition has great spatial and temporal variability and is
differentially enriched by fractionation reactions. The fractionation might be caused by reactive
oxygen combining with NOy to form NOs", or some highly uncontrolled reactions happened
during lighting. As a result, the §'30 value of atmospheric deposition has a quite broad range
from 25%o to 75%o, higher than the §'80 value of atmospheric O> (Xue et al., 2009). Industrial
NO;- fertilizer is made of atmospheric O so its §'30 value is close to 23.5%o. It has a narrow

range from 17%o to 25%o because fertilizer is made under a regulated process.
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Figure 2 Box plots of §180 values of NOs3- generated during nitrification, nitrate precipitation, and nitrate
fertilizer. Box plots illustrate the 25th, 50th, and 75th percentile; the whiskers indicate the 10th and 90th

percentiles; the circles represent data outliers. (Xue et al., 2009)

Figure 3 shows typical ranges of §'°N value and §'®0 value of NOs™ from air, fertilizer,
soil, manure, and sewage. They are summarized from Xue et al. review paper and have been
explained above. After using both nitrogen and oxygen isotope value, NO3™ from air and
industrial fertilizer are distinguishable, but manure and sewage sources are still indistinguishable.
Additionally, the remained problem by single nitrogen method that NO3;™ comes from mixing

sources or isotope fractionation occurs, still cannot be solved.
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Figure 3 Typical ranges of §15N value and §180 value of NO3- from atmospheric deposition, industrial NOs-

fertilizer, manure, sewage, and soil nitrogen.

3.3 Stable Isotope Analysis in R
In 2002, Phillis and Koch developed a concentration-weighted linear mixing model which
assumes that for each element, a source’s contribution is proportional to the contributed mass

times the elemental concentration in that source. The model is outlined for two elements and



three sources and can be generalized to n element and n+1 source (Phillis & Koch, 2002). In
2006, Deutsch used this model on NOs- identification. §'°N value and §'30 value of NO3 were
used to address three sources’ contribution, drainage water from agricultural land, groundwater,
and atmospheric deposition (Deutsch, 2006). Based on this model, in 2008, Parnell and Jackson
developed the SIAR package (Stable Isotope Analysis in R). It’s a Bayesian isotope mixing
model running in R, which can estimate the possible proportional contribution of many sources
to a mixture (Parnell et al., 2013). One improvement is that this model takes isotope fractionation

into consideration. The theory behind this mixing model can be expressed as follows:
K
Xij = Zk_lpk(sjk +Ci) + &

Sik~N (W1, 073,
Ciie~N Ao, T
&;~N(0,07)
where X is the observed isotope value j of mixture i, in whichi=1,2,3, ..., Nandj=1, 2,
3, ..., J; Sk is the source value k on isotope j, in which k=1, 2, 3, ..., K and is normally
distributed with mean i, and standard deviation wjy ; Ci is the fractionation factor for isotope j
on source k, and is normally distributed with mean A, and standard deviation j;; &;; is the
residual error representing the additional unquantified variation between individuals, and is
normally distributed with mean=0 and standard deviation g;; Py is the proportion of source k
needs to be estimated by this model (Jackson et al., 2009).
So far, research about NO3™ sources apportionment often uses hydrochemistry approach

assisted with STAR. Though in most cases the quantitative results generated by SIAR were

reasonable and matched with previous analysis, there are still many uncertainties and room for
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improvement. First, SIAR assumes that sources have a Gaussian distribution. Biased results will
be generated if the real sources’ isotope values are not normally distributed. Second, as the input
value, a broad range of sources’ isotope value will cause a broad possibility of sources’
contribution (Yang et al., 2013). Consequently, there are great uncertainties in the distribution
results. Third, as previously stated, most studies using SIAR grouped manure and sewage into
one NOs™ source. The main reason is that the §'°N value and §'®0 value of NOs don’t allow
manure and sewage distinguishment. To better manage nitrate pollution caused by manure and
sewage, it’s necessary to distinguish these two sources and identify their contributions

respectively. Using unique characteristics of different sources might be an effective approach.

3.4 Combine Isotopic Method with Hydro-chemical Approach

Researchers often used spatial-temporal analysis combined with hydrochemistry to study
NOs™ sources and process in stream water. Lin et al. analyzed NO3™ concentration data of the
Upper Illinois River Basin of October in 2004. The Chicago Sanitary and Ship Canal River and
the Des Plaines River are two major tributaries, above the Illinois River, flowing through
Chicago and receive treated wastewater from the Stickney Wastewater Reclamation Plant. High
NOs" concentration in the Chicago Sanitary and Ship Canal River and the Des Plaines River
mainly came from the urban source. The Kankakee River joins the Illinois River 20 km
downstream from Lockport where the NO3™ concentration was diluted. The Kankakee River is an
agriculture-urban mixed tributary, as a result, NO3™ concentration decreased as agriculture source
increased. In addition, this article also analyzes the seasonal variability of NO3" sources, using
data collected in October of 2004, May, August, and October of 2005. The Upper Illinois River

Basin in May has higher rainfall amount and more surface flow; in October and August, it has a
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lower rainfall amount and less surface flow. Wastewater treatment plant discharge is constant all
over the year, but the drainage water from agricultural areas is greatly affected by rainfall as
precipitation brings more NO3- fertilizer into the river. During a large flow increase due to
precipitation in May, the §'°N value of the Illinois River decreased as the river moved
downstream and at the same time, the §'0 value increased. In contrast, during the small net
flow in August and October, both the §'°N value and the §'30 value of the Illinois River
increased. It shows that the NO3™ concentration in the watershed is affected by the drainage of
agricultural land when the precipitation is high. (Lin et al. 2019)

In addition, the concentration of anions and cations can also provide useful information for
NOs" identification. Spruill in 2002 built a Classification and Regression Tree model to predict
NOs™ with a better than 80% overall success. In this study, part of the data was used to make
model and the other part was used to test the model. The model eventually selected four
predictors (§'°N value, nitrate to ammonia ratio, sodium to potassium ratio, and zinc
concentration) from 32 variables to distinguish five NO3™ sources: fertilizer on crops, fertilizer on
golf courses, spray from hog wastes, and leachate from poultry litter and septic systems. They
found the 6'°N value can tell whether this source was related to animal or human waste because
the 6'°N value of fertilizer is much lower than animal or human waste. The nitrate to ammonia
ratio was used to distinguish fertilizer applied on crops or golf courses. The sodium to potassium
ratio was used to distinguish human waste and animal waste because sodium is a special
characteristic for human use, cooking salts and water softener. Zinc content is much higher in pig
manure than in chicken manure, which is caused by pig feed additive content and longer growth
cycles in pigs, so it can be used to distinguish between pig manure and chicken manure. (Spruill,

2002)
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Some recent research also used pharmaceuticals in human and veterinary treatment as
tracers to identify NO3" sources, especially for manure and sewage distinction. Drugs that satisfy
the following requirements might be good tracers for NOs™ identification. First, most have unique
characteristics that can be detected after passing through the digestive system. Second, it can
persist after going through the wastewater treatment plants and remain relatively stable in the
natural environment. Third, the drug must be used only by humans or by animals so that it can be
used to distinguish between them. Finally, the drug should present in different regions.
According to many studies, Caffeine is currently studied in-depth and might be a good tracer.
Though there are some uncertainties with these methods, they show promise to distinguish
between these sources and can be used as supplementary methods. (Fenech et al., 2012)

After using SIAR to estimate the proportion of different sources, the proportion
distribution and the classification of sources can be further refined with other chemical
components in the water. For example, sodium ion concentration or caffeine concentration can
be used to distinguish between human and animal feces. Additionally, it is worth noting that
when using the concentration of chemical components, the total amount should also be
considered, especially in areas with large seasonal differences. In the rainy season, the
concentration of NO3™ may be diluted by larger runoff, but this does not mean that the total NO3-
content is reduced. For more effective water quality management, the total loads and
proportional contribution of each source of NO3-, as well as seasonal differences, need to be

considered. This is also the research direction of this experimental proposal.

4. Research Proposal

4.1 Objective

13



The goal of this research is to pilot a unified approach to identify NO3™ sources, determine
their isotopic signature, and estimate each source’s contribution by using the Fall Creek
Watershed as the proof-of-concept study area. Objective 1: Determine the main source of NO3-
based on the concentration and isotopic composition of NO3™ in Fall Creek. Objective 2: Estimate
total loads and the main source of NOs™ regarding seasonal variability of isotopic composition.
Objective 3: Estimate the possible numerical distribution of local isotopic composition of NO3
based on the sample data of each source, and substitute this into the SIAR model to estimate the
proportion of each source. Objective 4: If agriculture source and urban source have quite close
isotopic composition value, use chemical tracers to further distinguish manure and septic

sources.

4.2 Study Area

Fall Creek is a major tributary of the Cayuga Lake located in Ithaca, New York. It begins
near Lake Como and then meanders for approximately 33 miles to Ithaca city, where it enters
into Cayuga Lake. The Beaver Creek, the Mud Creek, the Virgil Creek, the Lake Como Outlet,
the Webster Brook, and the Mill Creek are the six main tributaries of the Fall Creek. Fall Creek
provides drinking water for more than 30 000 people (Carpenter et al., 2018). There is a U.S.
Geological Survey (USGS) stream gage (Lat 42°27'12", long 76°28'22" referenced to North
American Datum of 1983) about 0.2 mi upstream of Beebe Lake dam. According to its 95-year
(1925-2020) historical monthly average water flow record, March has the highest average water
flow 403 ft*/s, and August has the lowest 57 ft*/s (USGS). Based on Cornell University
Geospatial Information Repository’s data, Figure 4 was made to show the land cover of the Fall

Creek Watershed in 2004 and the proportion of each type within the watershed. The three main
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types of land use in this area are agricultural land (46.2%), forest land (41.4), and urban land
(9.08%). If further study is needed, agricultural land can be divided into alfalfa, corn, soybean,

hay, orchard, and dairy.

Fall Creek Watershed Land Cover Map

3 Fall Creek Watershed Boundary
Fall Creek Land Cover
Agriculture
Il Commercial
Il Disturbed
[ Forest/Brush
I Industrial
Institutional
Outdoor Recreation
Residential
Il Transportation
Bl Urban
Water
Fall Creek River
Water Monitor
@ Bio_Monitor
@ Chem_Monitor

Figure 4 Land cover map of Fall Creek watershed, upstream of the Cayuga Lake. Dots represent biomonitoring

sites and monitoring stations.

The Beaver Creek, the Mud Creek, the Virgil Creek, the Lake Como Outlet, the Webster
Brook, and the Mill Creek are six main tributaries in the watershed that join the Fall Creek. The
main one is the Virgil Creek in the east part of the watershed, which passes through the Dryden
urban area and merges into Fall Creek. From the north of the confluence point to the upstream
source area, agricultural and forestry land is the main area with minor spots of urban land. South
of this confluence point, the Fall Creek flows through the Beebe Lake in Cornell University,

passing the urban land of Ithaca, and finally into the Cayuga Lake.
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4.3 Sample Collection

For this study, two different types of samples will be collected. One is from the sources
area as the reference sample, and the other is from the Fall Creek mainstream as the target
sample. The watershed has three major land use with agriculture (fertilizer and manure) and
forests dominant at 46.2% and 41.4% respectively, as well as urban (septic system). Reference
samples for agriculture and forest will be collected from 9 locations in three tributaries that
originated from these two land types in the watershed, and 5 samples are from each location.
Reference samples for the urban areas will be directly collected from local wastewater treatment
plants. The target sample will be divided into two groups. The first group at the intersection of
the tributaries into the Fall Creek and the second group at the main flow of the Fall Creek are
displayed in Figure 5. Taking into account the seasonal differences, all sampling will be repeated
in April-May when the runoff is the largest and in August when the runoft is the smallest. April-
May is also the beginning of the growing season when fertilizer and manure have already been
applied. Sampling will be carried out after rainy days to avoid the influence of precipitation.
When it is raining, the detection values are not accurate. The total amount and intensity of
precipitation will affect the peak runoff and the concentration of nitrate brought into the runoff.
All of the stream water samples will be collected at the surface of the river by using a
submersible pump (Lin et al., 2019). The water samples will be filtered on-site through a 0.45um
filter, sealed in an HDPE bottle, and then cooled during transport to the laboratory, and stored
frozen until thawed to analyze the nitrate concentration, isotopic composition, and other needed

hydro-chemical properties (Lin et al. 2019).
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Legend
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Figure 5 Locations of sample sites. Green circles are sample sites for forest sources; yellow circles are sample
sites for agriculture sources; red circles are target samples collected near where tributaries enter Fall Creek;

black dots are target sample sites in Fall Creek.

4.4 Discussion

Objective 1 is to determine the main source of NO3™ based on the concentration and
isotopic composition of NO3™ in Fall Creek. The first objective does not require a quantitative
conclusion but serves to predict which source has a greater impact on this watershed. Based on
land use distribution, the expected result is that the upstream of the Fall Creek is dominantly
contributed by agricultural fertilizers with lower 15N value, and the downstream is dominantly
contributed by urban sewage with a higher 15N value. Although the forest area is widely

distributed, the proportion of NO3™ pollution caused by the forest should be the smallest.
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Compared with fertilizer and manure applied on agricultural land and septic system in the urban
regions, the amount of NOs™ in forests derived from microbiological fixation is very small.

To verify the expected conclusion of Objective 1, Objective 2 will estimate total loads and
the main source of NO3™ regarding seasonal variability of isotopic composition. In this area,
April-May is the beginning of the crop growing season and the month with heavy precipitation.
Agricultural land is mainly distributed in the upper and middle stream, but as streamflow moves
downstream it will have an impact on the entire watershed. To determine the impact, the total
amount of NO;3™ will be calculated using the concentration of NO3™ and the runoff of the river.
The difference between the total amount in April-May and August can be used to predict the
amounts of agricultural NO;" fertilizers brought into the watershed.

Objective 3 and Objective 4 will advance to predict the specific proportion of each source
by using SIAR. As related experiments have not been conducted in this area, it is difficult to
predict the specific contribution percentage of each source. If the source’s 315N value and 6180
value overlap, it would be impossible to distinguish between manure and septic source, so using

the caffeine concentration we hope to calculate the relevant value of urban septic.

4.5 Expected Outcomes

This project is important for nitrate pollution control and water quality management
because it focuses on nitrate sources identification and apportionment. Firstly, it can determine
the predominant nitrate source by using a single isotope. Secondly, it can estimate total nitrate
loads and identify sources at high and low surface flow. Last, the proportional contribution from
multiple sources will be estimated by the SIAR model. However, the unavoidable question is

how reliable this method is. When errors occur in this method, can other methods make up for it?
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In the case of the Fall Creek Watershed, according to historical recording, caffeine was detected
by the local monitoring station, so this should be a feature that can be used as a local septic
source.
S. Conclusion

Half a century ago, the problems of water pollution, reduction of biodiversity, and
ecological destruction caused by excessive nitrate in surface and groundwater, gradually
attracted attention and became an important issue all over the world. It’s important to know
where the nitrate comes from and each source’s contribution. The stable isotope value of nitrate
has been frequently used to trace nitrate sources. This paper summarized several methods using
the isotopic approach to nitrate sources identification and apportionment. This paper attempts to
make progress, propose an improvement on the existing methods, and explore future research
directions, that is the use of the hydrochemistry approach to make up for the shortcomings of

SIAR, and the use of caffeine to distinguish between manure and septic sources.
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