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Contamination Source Assessment of Groundwater Nitrate in a
Complex Terrain

Gwang-Hyun Han'

Chungbuk National University, Cheongju 361-763, Korea

Classification of land uses and analysis of nitrogen isotope fractionation in groundwater nitrate were
carried out to examine its contamination sources in Jeju province. &N values of urea (hydrolyzed with
urease), ammonium sulfate, compost, water from septic tank were -1.7, -5.8, +14.1, and +24.0 %,
respectively. Urea, when it was directly distillated, showed -16.5 % . Based on these 8N values, sources of
nitrate could be classified as originated from chemical fertilizers with 0"N values below +5 % and as from
animal manure or municipal waste with 8N values over +10 %. Results of 8"°N analysis of 33 wells
showed that most wells had the chemical fertilizers as their dominant contamination source. However, some
wells were contaminated by other sources: animal wastes or municipal wastes. Some wells were also
contaminated by the combined sources of nitrate. It was also demonstrated that 8"°N analysis could be a
useful tool even in the case where no apparent contamination source is found.
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Introduction

Groundwater contamination by human activity can
grouped into two classes; point-source and nonpoint-
source pollution. Except for known large spills from a
specified source, most contamination phenomena in
groundwater are classed as nonpoint (Click, 1994).
Nonpoint source pollutions are closely related to complex
hydro-geologic processes such as precipitation,
infiltration, drainage, percolation, seepage, etc. Therefore,
an important aspect of nonpoint source is that planning
and management practices based on a large area and long
term are required to control the source and delivery of
nonpoint pollutants, thereby limit them reaching
groundwater (Armstrong and Burt, 1993). Most
contamination-source assessments rely on apparent land
use and land management such as application of
fertilizers or irrigation (Evans et al., 1995; Richards et al.,
1996, Zhang et al., 1996). However, this usual approach
has limitation in Korea because of the complex and
intensive land-use activities in complex terrain.

The sources of nitrate contamination in the groundwater
include chemical fertilizers, soil organic matter, animal

manure and municipal wastes (Madison and Brunett,
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1985; Williams et al., 1998). It is known that 15N
analysis of nitrate in each groundwater is useful to
investigate the sources of nitrate of that groundwater
(Choi, 1998; Yoo et al., 1999). By studying the natural
nitrogen isotope ratios of nitrate in groundwater and
comparing them to the nitrogen isotope ratios of nitrate
from different soil environment, the nitrate of certain
groundwater can be traced to unique sources (Kreitler,
1975; Kreitler and Browning, 1983; Komor and
Anderson, 1993, Wilson et al., 1994). These variations
are commonly expressed as deviations from a standard:

8"N (% "N) = (Rs - Rr) / Rr x 1000 (1),

where Rs and Rr represent the "°N isotope ratio,
PN/(PN+"*N), for sample and the reference (atmospheric
N2, 0.3663 atom% “N), respectively. Physical
fractionation, chemical equilibrium fractionation, and
chemical kinetic fractionation are all important in the
isotopic fractionation of nitrogen in natural
biogeochemical systems (Kreitler, 1975; Shearer and
Kohl, 1993).

Three nitrogen isotope ( & “N) ranges have been defined
for nitrate from different sources. Kreitler (1975) and
Kreitler and Jones (1975) found that the 0"N values for
nitrate from unfertilized cultivated fields (nitrate resulting
from the oxidation of part of the organic nitrogen in the
soil from crop plowing) range from +2 %, to +8 %, and
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that nitrate form animal-waste nitrogen ranges from +10
% 1020 % . 8N vaues of artificid fertilizer range from
-8 % 10 +6.2 %,, with 90 percent of the samples ranging
from -3 % to +2 %, (Freyer and Aly, 1974; Kreitler,
1977, Mariotti and Letolle, 1977).

Kreitler et a. (1978) found that samples from urbanized
environment had 6°N vaues of +12.1 % and 21.3 %,
within the range representative of animal wastes. In
genera, 8N in groundwater for different contamination
sources are known as; <+4 %, for chemical N-fertilizers,
+4~+9 %, for natural soil nitrogen, +9~+18 %, for anima
manures or municipa wastes.

The objective of the present study were (1)
investigation of the probable nitrogen isotope ranges of
common contamination sources in Korea, (2) assessment
of contamination sources of groundwater nitrate based on
the nitrogen isotope characterigtics in a complex terrain
of Jgu province, and (3) comparison of these results with
those from the classical land use classification approach.

Materialsand M ethods

Groundwater Samples The water resource of Jgu
Idand depends predominantly on groundwater. Perennia
surface water resources can hardly exist due to the highly
water permeating nature of the soils (Song, 1989).
Groundwater samples from 33 wells (Fig. 1) in Jgju
province were collected from August to November in
1999 and analyzed for their *°N isotope contents aong
with other properties. pH, eectrica conductivity (EC),
anions (F, CI", H2POs, SO#, NOs), cations (C&™*, Mg,
K™ Na’, NH4"), total phosphorus, total nitrogen, and
organic nitrogen.

All the analyses were conducted by the standard
methods (APHA, 1992). The pH and EC of sampleswere
measured using a pH meter (DMS, DMP2000) and an
EC meter (PHILIPS, PW9509), respectively. Anions

Fig. 1. Sampling wells for nitrogen isotope analysis of
groundwater nitrate.

were determined using an ion exchange chromatograph
(INSUNG, MIC2001) with anion exchange resin
(Dionex, lonPac AS4 P/N 35311) after removing the
suspended solids by filtering the water sample with 0.45
#m membrane filter. Bicarbonate was titrated with 0.01 N
H2SOa4. Cations were measured with an atomic
absorption spectrophotometer (Shimadzu, AA-6501F).
For total phosphorus anaysis, groundwater samples were
digested with 4% K2S20s at 121°C for 30 min. After
digestion, the absorbance at 710 nm was measured by
colorization through ammonium molybdate-ascorbate
method.

Contamination source samples To confirm the
categories for nitrogen sources, urea, water sample from
septic tank, chemica ammonium sulfate, and compost
made from animal manure were analyzed for their
nitrogen isotope concentrations. Those samples were
collected across Kyonggi province in 1998 and 1999.
Two purified N2 gases were prepared from 10 mg ures;
one by direct distillation and the other by distillation after
hydrolysis with 20 ml of 1% urease. For chemical
ammonium sulfate (1000 mg/L), N2 gas was produced
directly by the Rittenberg reaction (see below). In case of
compost, 0.1 g sample was finely ground and was
digtillated after digestion by the Kjeldahl method (ASI,
1988).

|sotope analysis The 8N analysis of groundwater
samples were carried by the Kjeldahl-Rittenberg
technique (Fig. 2). Water samples (350 ml) were
transferred to digtillation flasks and pHs were raised to
9.5 with MgO powder. Then, nitrate nitrogen was
removed by didtillation of the sample. Devarda's aloy
(mixture of Al, Cu and Zn) was used for reduction of
NOs to NHa". Collected nitrate nitrogen solutions were
then concentrated to about 0.5 to 1 mg as nitrogen using
infrared lamps for 5-6 hrs. Nitrogen gas for *°N isotope
ratio analysis was generated utilizing the reaction
between alkaline hypobromite and NH" under vacuum
to exclude atmospheric N2. The produced Nz gas was
purified by sequentially passing through water trap
(ethanol at -90'C) and CO: trap (molecular silica sieve
with liquid nitrogen). Finally purified gas passing
selective N2 trap was analyzed by a mass spectometer
(VG Optima IRMS, VG ISOGAS, Manchester, UK)
having 1.0 % of reproducibility and 0.1 %, of precison.
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Fig. 2. Nitrogen analysis procedure (Kjeldahl-Rittenberg
technique).

Land use analysis To address contamination sources
of groundwater nitrate, land-use activities in Jgju Idand
were classified in to 5 main types (forest, pasture, upland,
orchard, and residential areas) based on the KRIHS
(Korea Research Institute for Human Settlements)
investigation in 1998. Along with this apparent land-use
classification and the results of susceptibility
assessments, highly vulnerable regions were sdected and
probable contamination sources were estimated.

Resultsand Discussion

N categories of contamination sources Before
applying the 8N analysis to identifying contamination
source of groundwater nitrate, it was necessary to
confirm the categories for nitrogen sources. For this, urea,
water sample from septic tank, chemical ammonium
sulfate, compost made from anima mare were analyzed
for their nitrogen isotope concentrations. Two purified N2
gases were prepared from urea: one by direct digtillation
and the other by didtillation after hydrolysis with urease.
Figure 3 shows 8N vaues of those samples.

25 Septic tank

Compost

i 8 Trea +

Ammonium  urease
sulfate

SN (%o)

Urea

Fig. 3. 8N values of nitrogen in urea (treated with urease and
not treated), ammonium sulfate, compost, and nitratein water
from septic tank.

Artificial nitrogen compounds (urea and ammonium
sulfate) showed very low 8N values; -1.7 % and-5.8 %
respectively. Generally, it is known that 8°N values of
artificid fertilizer range from -8 %, to +6.2 % (Freyer
and Aly, 1974; Kreitler, 1977; Mariotti and Letolle, 1977;
Kreitler et d., 1978). 8N vaues of ammonium sulfate
and urea were consistent with the range. However, they
showed more fractionated compared to known values for
urea 2.4 % (Flipse and Bonner, 1985) and ammonium
sulfate -2.4 %, (german fertilizer; Freyer and Aly, 1974).
Flipse and Bonner (1985) have pointed that differencesin
N content among fertilizers are generally a result of
fractionation during subsequent processing of the
nitrogen fixed by the Haber process.

In case of the directly distillated urea, -16.5 %, the
most negative value was measured. Compared to the
vaue -1.7 %, of ureawith urease, this large fractionation
was thought to be caused by the nonequilibrium kinetic
fractionation. It was thought that some portion of urea
was chemically hydrolyzed at the alkaline condition.
About only 10% of the urea nitrogen was distillated and
was collected in the form of ammonium sulfate. The
nonequilibrium kinetic fractionation made the collected
ammonium nitrogen depleted in ©N. It is probable that
the unreacted urea was highly enriched in the heavier
nitrogen isotope. However, that was not checked. The
nonequilibrium kinetic fractionation was often occurred
within an organism and ecosystem. This implies that
more negative 8N value than that of fully hydrolyzed
ureacan be measured in ared groundwater nitrate.

In contrast to the artificial nitrogen compounds, the
compost and water sample from septic tank showed
positively fractionated 8°N vaues: 14.1 % and 24.0 %
respectively. In composting process, large amounts of
nitrogen are lost in the form of ammonia gas. This
ammonia volatilization tends to enrich the condensed
phase in the heavier isotope. The water sample from
septic tank had aso undergone the volatilization process.
Only negligible nitrate was detected in the water sample.
Most inorganic nitrogen in the form of ammonium was
highly enriched in ®N.

8"N values of groundwater samples Based on the
measured 8°N values and review of the previous studies
(Kreitler, 1975; Kreitler and Browning, 1983; Komor and
Anderson, 1993, Wilson et al., 1994), the sources of
nitrate were classified as originated from chemical
fertilizerswith N values below 5%, and asfrom animal
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manure or municipa waste with 8°N values over 10%.
Based on this classification, 8°N values of groundwater
samples from 33 wells were analyzed to differentiate
contributions of various land uses to groundwater quality
(Table 1). In case that 8N values were between 5 and 10
%, it was thought that two or more different sources
affected groundwater. Although this range of *°N aso
reflects natural soil nitrogen, the source of nitrate was not
classified as from that material except that the
groundwater nitrate showed a lower concentration than
3.0mg/L.

Most wells were had chemical fertilizers as their
dominant contamination source. Among the 33 wells
tested, 22 wells showed 8N values below than 5 % .
And, additional 6 wells showed 5to 7 %, which implies
strong contribution of chemical fertilizers compared to

other probable sources. On the other hand, it was thought
that the 8N values from 7 to 10 %, reflected more
contributions of animal manure or municipal wastes to
groundwater contamination. From the results of 6N
analysis, it might be concluded that contribution of
chemical fertilizers is much higher than those of other
sources to groundwater contamination by nitrate in Jgu
Idand. It was found that severd wedls (W22, W31, W3,
W9, and W25) were highly influenced by the municipa
wastes or animal manure. In addition, there was a
significant change in 8°N in W15, suggesting a wide
variation in contamination source between the sampling
period.

Comparison with land use classification Land-use
activities in Chgju Idand were classified in to 5 main

Table 1. Concentrationsand 8N valuesof NOs in groundwater samples.

Well Date NOs-N "N Date NOs-N o™N
mgL™ % mgL™ %

w1 '99/11 55 372

w2 '99/11 26 353

w3 '99/10 33 834

W4 '99/11 46 424

W5 '99/10 93 258

W6 '99/11 112 2.89

w7 '99/11 93 253

w8 '99/11 87 37 '99/08 129 51

w9 '99/08 143 839

W10 '99/08 95 6.12

Wil '99/11 6.0 265

W12 '99/11 54 568

w13 '99/10 216 2.32

wi4 '99/11 49 348

W15 '99/11 86 515 '99/08 95 1043

W16 '99/11 78 6.89 '99/10 80 536

w17 '97/08 192 511

w18 '99/11 45 412

W19 '99/10 16,6 287

W20 '99/11 6.2 4.39 '99/10 81 218

w21 '99/11 30 372

W22 '97/08 19 1638

w23 '99/08 59 6.71

w24 '99/11 42 212

W25 '99/11 92 7.89

W26 '99/11 35 245

w27 '99/11 40 160

w28 '99/11 27 252

W29 '99/11 50 182

W30 '97/08 165 0.10 '99/11 144 367

w3l '99/08 134 2177

W32 '99/11 91 146 '99/11 6.0 2.65

W33 '99/11 75 292
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Fig. 4. Map of land use classification.

types. forest, pasture, upland, orchard, and residentia
areas (Fig. 4). Upland and orchard soils were widely
distributed along the coastal line. The upland soils
occupied about 340.1 kn’, abut 18.6% of the total areaof
the island; orchard soils, 281.7 km?’, about 15.4%.
Especidly, the orchard soils were mainly found aong the
southern coast. The pasture soils were mainly located in
the mid-mountainous areas and occupied 439.5 km?,
about 24.0% of the idand. However, the residential areas
were scattered widely aong the coasta line. Residential
areas occupied 69.1 km?’, 3.8% of the idand. The forest
lands (635.2 km?, 34.8% of the island) were primarily
located on the higher region around the main mountain
Halla

From the land-use map, a mgor contamination source
for groundwater nitrate would be chemical fertilizer
applied to upland and orchard soils, especialy in the
western, north-eastern, and southern areas. Municipal
wastes and leaks of septic tanks at the scattered
residential sites could be local contamination sources.
And aso the pasture soils, which are widdly distributed in
the mid-mountainous areas and somewhat extended to
eastern region, could be a potential entrance of the
contaminant that was affected by animal manure.
Especidly, the southern region along the coastal line was
thought to be affected mainly by chemical fertilizer and
partly by municipal wastes.

The above nitrogen isotope results were then
geographically compared with the apparent land-use
classification (Fig. 5). In accordance with the land-use
classification, the major contamination source for
groundwater nitrate was estimated to be the chemical
fertilizers applied to upland and orchard soils, especidly
in the western, northeastern, and southern areas.
Municipal wastes and leaks of septic tanks at the
scattered residential sites could be local contamination

Fig. 5. Spatial distribution of 8N values of groundwater
nitrate. Dominant contamination sour ces ar e indicated.

sources. And aso the pasture soils could be a potentia
entrance of the contaminant that was affected by anima
manure. It was shown that several wells were highly
influenced by the municipal wastes or anima manure.
However, only 5 wells were andyzed for their nitrogen
isotope fractionation in the western region: Hanrim,
Hankyeong, Dagjeong, and Andeog. Therefore, it is
though that the contribution of livestock farming and
residentia land use on those areasis relatively ambiguous
compared to other regions.

Conclusion

Based on the 6"°N values of possible groundwater
nitrate sources (urea, ammonium sulfate, compost, water
from septic tank) sources of nitrate could be classified as
originated from chemical fertilizers with 8N values
below 5 % and as from animal manure or municipal
waste with 8N values over 10 % . The 8°N andysis of
groundwater nitrate reveded that most wells had as their
contamination source of nitrate, the chemica fertilizers.
This coincided well with the apparent land-use
classfication. By using this technique, it was possible to
find severa wells where other non-gpparent sources and
combined sources contaminated groundwater. In many
cases, especialy in complex terrain with various land use
activities, apparent land-use classification cannot
distinguish the predominant contamination source.
However, probable seasonal variation resulting from
more than two contamination sources must be considered
in applying 0N analyss.
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