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ABSTRACT

Sidoarum Village, Godean District, Sleman Regency, Special Region of Yogyakarta become one of the developing areas
for getting influenced by Yogyakarta City centre which is only 8 kilometres away. Population growth has occurred from
2010 to 2019, which has led to land-use changes from agricultural areas to residential areas. Land-use change,
population growth, incorrect space use, excessive use of fertilizers, agricultural activities, and industrial waste disposal
affect groundwater quality resources, especially Nitrate (NO3) compounds. This research was aimed to determine the
distribution of groundwater quality based on nitrate parameters and to analyze the relationship between land use
changing and nitrate concentrations in groundwater. This mixed-method research used the survey and mapping methods
to collect the data. The analysis was conducted by laboratory tests and spatial analysis method using ArcGIS software.
The sampling of groundwater was carried out by the purposive sampling method based on differences in land use. The
results indicated that most of the groundwater in Sidoarum Village had been contaminated by Nitrate due to activity in
agricultural areas like intense fertilizer application and farming on a household scale in densely populated areas,
especially with the lousy sanitation system. The distribution of nitrate contaminated groundwater was correlated to the
types of land use. Land-use change monitoring is needed, especially from agricultural areas to residential areas due to
excessive population growth.
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. INTRODUCTION

Located close to the city centre of Yogyakarta, Sidoarum Village has been affected by the urban development of
Yogyakarta. This trend turned the Sidoarum village into a suburban area characterized by high population growth and
economic development. The increase in population will lead to a rise in infrastructure and all aspects of life, including
the need for groundwater (Widiyanto et al., 2015). Based on UNFPA Village Projection Data from BPS Sleman 2020,
the population growth in Sidoarum Village from 2010 to 2019, which initially amounted to 16,986 people to 20,673
people, has been affecting the land-use changes from agricultural areas to the residential area. The land-use type in
Sidoarum Village consists of residential areas and agriculture areas which has undergone a difference in the area. In
2012, the areas of agricultural land were 202 Ha that has changed into 148 Ha in 2020. The same pattern happened in the
settlement areas that was 160 Ha in 2012 transformed into 226 Ha in 2020.

Many activities in the agricultural land, settlements, shrubs and many industrial sectors affect hydrological conditions,
both surface water and groundwater (Agustiningsih et al., 2012). The concentration of Nitrate can be used as an indicator
of groundwater pollution in the area caused by the unsuitable land-use changes, poor drainage, and sanitation system.
Water quality and runoff water volume in the hydrological system of an area are influenced factors of changes in land
use and land management (Huang et al., 2013). Land-use changes from the green open spaces to agricultural and
residential areas and all human activities, including agricultural and industrial activities, will produce residual activities
called anthropogenic. Land use analysis can determine changes in the water quality resources in the hydrological cycle
which are closely related to spatial use or land-use changes (Narany et al., 2017).

According to Anna (1993), a dug well groundwater has been contaminated, such as E. Coli bacteria, detergents, nitrates,
and other organic and inorganic compounds. Drinking water must meet the drinking water quality standard in terms of
its physical, chemical, and biological conditions. Not following the regulations will cause various diseases such as
diarrhea, dysentery, and others. In recent years the quality of groundwater worldwide has decreased, which is influenced
by nitrates, which are organic compounds that become pollutants from the remaining products of human activities
(Amarine et al., 2020). Agricultural area, which is a land designation with wide coverage, can contribute to organic
compound pollutants. One of them is Nitrate obtained from excessive use of pesticides and fertilizers (Anna, 1993).
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Nitrate is an easily dissolved compound transported from the source into the groundwater system (Narany et al., 2017).
Nitrate is an inorganic chemical compound that enters the groundwater system through surface activities (Marghade,
2020). The N2 compound is nitrate content in raw water contained in agricultural fertilizers (Dohare, 2014). Nitrogen
(N2) contained in fertilizers is used to increase crop productivity. However, excessive use can cause degradation of
groundwater quality and contamination of drinking water sources which pose an immediate risk to human health (Wick,
2012). The possibility of nitrate contamination can be through anthropogenic activities, washing of landfills, livestock
waste, domestic and industrial waste (Marghade, 2020). A significant increase in Nitrate concentration every year
occurred in the agriculture and residential wells (Narany et al., 2017).

The nitrate concentration in groundwater is derived from unsuitable land utilization and poor sanitation. The daily
human activities with poor sanitation and drainage system and inappropriate use of fertilizer will pollute the groundwater
that can reduce water quality (Agustiningsih et al., 2012). Excessive use of fertilizers, rapid population growth, and
intensive agriculture activities will negatively impact groundwater contamination and could even worsen if the waste
irrigation system is poor (Bawa & Dwivedi, 2019). The existence of organic/inorganic compounds and bacteria in
groundwater can potentially cause health problems (Saparuddin, 2010).

Anthropogenic chemical compounds discharged into the environment can become pollutants in groundwater systems as
the main supply of clean water and drinking water in Sidoarum Village. Some health problems caused by consuming
groundwater as drinking water that contaminated by Nitrate are a decrease in the oxygen capacity in blood,
methemoglobinemia, baby blue syndrome, hypotension, stomach cramps, vomiting, indigestion, and even death threats
from methemoglobinemia symptoms (Husaini et al., 2020).

The groundwater quality mapping is needed to minimize the health impacts that may arise from the consumption of
polluted groundwater. Sidoarum Village, as one of the villages with a dense population, rapid land-use changes, and
various human activities, is why this village requires a study of groundwater quality. One of the parameters that can
reflect multiple conditions of groundwater quality and the environment, in general, is Nitrate. Based on the description
above, this study aims to determine the distribution of groundwater quality based on nitrate parameters and to analyze
the relationship between land use and nitrate concentration in groundwater in Sidoarum Village, Godean District,
Sleman Regency, D.l Yogyakarta.

1. METHODS

The study area was located in Sidoarum Village, Godean District, Sleman Regency, Special Region of Yogyakarta,
located on UTM coordinates X=423076 mT — 42581 mT and Y=9138318 mU — 9142432 mU that presented in Figure 1.
The researcher conducted this study from June until July 2020.
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Figure 1. Administration Map of Sidoarum Village.

The research method was qualitative based on the nitrate concentration of groundwater. The data acquisition was
conducted based on the field survey and mapping for the primary data (nitrate concentration, existing land use condition,
etc.) and institutional study for the secondary data (base maps, population number, etc.). The tools used were one-litre
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sample bottles, GPS, and a camera for documentation. Groundwater sampling was carried out using a purposive
sampling method based on two different types of land use (agriculture and non-agriculture area/residential area) and the
availability of shallow groundwater wells in the study area that can be seen in Figure 2. The groundwater sample was
tested in the laboratory to determine the nitrate concentration. All data were spatially analyzed based on the thematic
map on the scale of 1:13.000. The spatial analysis using ArcGIS Software was used to know and analyze the distribution
of nitrates and the correlation between groundwater quality and land use in the study area.
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Figure 2. Map of Existing Condition
I1l.  RESULTS AND DISCUSSION

The concentration of Nitrate in groundwater samples was analyzed in the laboratory of BBTKLPP Yogyakarta. The use
of groundwater as drinking water by the people of Sidoarum Village requires its water quality to meet the drinking water
standard of Class | Government Regulation Number 82 the year 2001. The maximum concentration of Nitrate is 10
mg/L. Table 1 represents the results of a laboratory test of 9 groundwater samples. Of nine groundwater samples, Six
had a nitrate value greater than 10 mg/L, and three were below the quality standard. From the laboratory test results, the

highest nitrate concentration existed in Well 1, reaching about 82.53 mg/L, and the lowest concentration of Nitrate was
in Well 3, about lower than 0,04 mg/L.

Table 1. Results of Laboratory Test

No Groundwater Sample Land use types Nitrate Concentration
(NOs) (mg/L)

1 Well 1 Residential Area 82,53

2 Well 2 Residential Area 13,83

3 Well 3 Agricultural Area <0,04

4 Well 4 Residential Area 59,24

5 Well 5 Residential Area 1,03

6 Well 6 Agricultural Area 20,62

7 Well 7 Agricultural Area 18,25

8 Well 8 Residential Area 26,42

9 Well 9 Agricultural Area 2,76

Source: Laboratory Results, 2020

Information: exceeded the water quality standard (Class I)
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3.1. Distribution of Nitrate Contaminated Groundwater

The nitrates content in consumed drinking water can cause health problems. Understanding the distribution of nitrates in
the groundwater will control the groundwater use by people and monitor the land utilization above the groundwater.
Amarine et al. (2020) stated that consumption of Nitrate contaminated water might cause health problems. Nitrate can
produce nitro amines, which trigger baby blue syndrome and cause stomach cancer and digestive disorders. Nitrates also
trigger methemoglobinemia, goitre, and hypertension (Jamaa et al., 2020).

Groundwater sampling points spread across two land uses can be a reference for determining groundwater contamination
factors by nitrate compounds that exceed Class I drinking water quality standards. Different land uses show differences
in biogeochemical factors to distinguish the chemical content of groundwater in each location in an area (Me ncio et al.,
2016). Through laboratory testing of nitrate concentration, it is known that nitrate levels that exceed the quality standard
are located in agricultural and residential land uses due to several factors that affect the nitrate infiltration process into
the groundwater system.

423000 MT 424000mT 425000mT 426000 MT 427000 M1
MAP OF GROUNDWATER QUALITY (NITRATE) Sk A L
IN RESEARCH AREA ! 7 esearcn Avea

SIDOARUM VILLAGE, GODEAN DISTRICT,

SLEMAN REGENCY, SPECIAL REGION OF YOGYAKARTA
[ == km /
0 0.39 0,78 1,17 1,56 /

o . i 1
" Sidokarto Village \\

9149991
914999T

400000 450000

9099991

9141000 mU

9141000 mU
I
T

2. Field Suryey
13. Laboratofy Re

9140000 mU

9140000mU

. Well Point that Have Less than Nitrate Quality Standard
(= 10 mg/L)

© Well Point that Have Over than Nitrate Quality Standard
(> 10mg/L)

~<=>- River
Topography Contour
(IK=2m)
Z Agriculture Area

| Sidokarto \‘f 1
Village 4 X S X
A et / 2N e/l

i 2

9139000 mU

9139000 mU

{

N el K2 r Footprint Road Residential Area

423000mT 424000mT 425000mT 426000mT 427000mT

Figure 3. Map of Groundwater Quality (Nitrate)

The Republic of Indonesia regulates the groundwater quality standard for nitrate concentration of 10 mg/L maximum.
Hence, this study divided groundwater into two categories, i.e. >10 mg/L and <10 mg/L. Figure 3 shows the distribution
of nitrate quality in the study area. The figure presents that six-well points have a nitrate concentration of more than 10
mg/L, i.e. well 1, well 2, well 4, well 6, well 7, and well 8 and three wells points with nitrate concentration less than 10
mg/L i.e. well 3, well 5, and well 9. Wellpoint concentrations of more than 10 mg/L were primarily located in residential
areas, i.e. well 1, well 2, well 4, and well 8. Agricultural areas have been confirmed to have contributed to nitrate
pollution, such as at well 6 and well 7. The nitrate concentration of well 6 was 20.62 mg/L. Well 6 is located in livestock
and fisheries areas, and the northern part of this well is rice fields. The result exceeds the quality standard because
livestock waste is disposed of in a waste pond without a base membrane. The remaining manure from livestock or other
organic compounds can be easily infiltrated, coupled with pesticides in the rice fields next to the farm. The nitrate
concentration of well 7 was 18.25 mg/L. Well 7 is a shrub adjacent to the settlement, containing Nitrate that exceeds the
quality standard. This high nitrate concentration can be caused by fertilizers or pesticides and septic tank leakage. This
study confirmed Jamaa (2020) study that mentioned that wastewater treatment household scale (septic-tank) and the use
of fertilizers in agricultural areas are the primary nitrate contaminants that pollute the environment.

In a densely populated residential area, the same thing happened to well 1 with the highest nitrate concentration, up to
82.53 mg/L. Not far from well 1 there is an irrigation channel near a pig farm which can be a source of nitrate pollutants
from the organic livestock waste produced. Other wells point also has nitrate levels of more than 10 mg/L in residential
areas, namely the wells 2, 4, and 8, which prove that agricultural areas are a source of nitrate pollution in groundwater
and the residential area, especially the residential area with the dense settlements. In the middle of residential areas,
nitrate contamination occurs through damaged sewers, which have become nitrate contamination in groundwater in
urban and suburban areas (Nem¢i¢-Jurec & Jazbec, 2017).

3.2. Correlation of Landuse and Nitrate Concentration in Groundwater
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In this study, land uses in Sidoarum Village have been categorized as agricultural and non-agricultural areas or
residential areas. The farm area in the study area consisted of rice fields, mixed gardens, livestock and fisheries, and
empty land. Higher nitrate pollution mainly occurs in agricultural and shallow groundwater wells because it is more
affected by livestock waste runoff and nitrate dilution from fertilizer (Narany et al., 2017). The condition of Nitrate
contaminated groundwater on agricultural land can be used as an indicator for pollution risk assessment (Rebolledo et
al., 2016). However, based on the results of the groundwater quality test in this study, it turned out that the agriculture
area was not the only contributor to nitrate pollution, which affects the quality of groundwater, but also the residential
areas.

Infiltration is one of the mechanisms for nitrates to enter the groundwater system. Nitrates included in anions will be
infiltrated into the soil and other organic and inorganic substances (Long et al., 2018). Nitrates are entered and reach the
aquifer system through gaps or fractures of the rock, filling the voids in the empty soil structure. The groundwater will
dilute the nitrate concentration once the Nitrate compound enters and mixes with groundwater. Nitrate dilution occurs a
lot during the rainy season, which allows the high rainwater infiltrate to the soil, thus reduce the nitrate concentration.
According to that, in the rainy season, the potential of nitrate groundwater pollution reduces.

An increase also follows population growth in the need for clean water. However, population growth also requires land
as a place to live, which often leads to land-use conversion from agricultural land to residential land. If not followed by
good environmental management, excessive land change will have the potential to cause a decrease in groundwater
quality, one of which can be assessed with nitrate parameters (Lerner & Harris, 2009). Domestic waste in densely
populated areas will increase the pollution load in our environment. The densely populated areas will have high nitrate
concentrations and E. Coli bacterial contamination (Me nci6 et al., 2016). The main problem regarding groundwater
quality arises from inappropriate land use and control (Lerner & Harris, 2009).

Figure 4 presents the land use in 2012 and 2020, focusing on agriculture and non-agriculture/ residential areas. The
difference between these two land use maps is the area of land use. There has been a change in the type and size of land
use in Sidoarum Village. The agriculture area had decreased from 202 Ha in 2012 to 148 Ha in 2020. On the other hand,
the non-agriculture area had increased from 160 Ha in 2012 to 226 Ha in 2020. The land-use conversion from
agricultural to non-agriculture area appears in the centre and western parts of the study area. It shows the increasing
population in Sidoarum Village, thus increasing the demand for residential area development during eight years from
2012 to 2020.
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Figure 4. Map of Landuse in 2012 and Map of Landuse in 2020

The results of this study showed that various factors influenced the different nitrate concentrations in groundwater at
each point. One of them was the groundwater contamination from agriculture, home-scale industry, and residential
activities. Another study also confirmed this phenomenon that urban activities could lead to the contamination of the
groundwater (Sajeev et al., 2020). Nitrate and other substances in fertilizers, such as ions, metals, other organic
compounds, or even microorganisms from domestic waste that interact with the subsurface environment, pollute the
aquifers due to prolonged continuous use (Me ncio et al., 2016).
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Smith et al. (2020) stated that residential areas could be a nitrate contributor to the environment associated with septic
tank leakage with higher concentrations. So it is necessary to control and monitor good sanitation channels in waste
disposal so that it does not become a source of pollution. In this study area, the use of space around or in residential
areas can be a non-point source of nitrate pollution. For example, a laundry business disposes of its wastewater
containing detergents and other inorganic compounds every day. Moreover, household-scale livestock is one of the
contributors to nitrate compounds because the results of manure or livestock manure can be infiltrated and diluted by the
rainwater to enter the shallow groundwater system in Sidoarum Village.

In Sidoarum Village, an irrigation channel gets water supply from the Bedog River, which is used to irrigate the
community's fish ponds. Being included in the sub-urban category makes people think of directly utilizing the river
water, such as washing clothes in the irrigation canal in front of the houses. This activity will also affect surface water
quality due to the disposal of domestic wastewater, including detergents. The existence of fish ponds that are not coated
with a membrane contributes to the nitrogen infiltration into the aquifer system. This study can conclude that nitrate
contamination strongly correlates with land use. Both agriculture and residential land use tended to contribute to the
nitrate pollution in the groundwater. Hence, the government and its citizens need to ensure the sanitation system in
residential areas and agriculture sustainability.

IV. CONCLUSION AND FURTHER RESEARCH

The groundwater quality in study area exceeded the Nitrate concentration standard (maximum 10 mg/L). Six out of nine
wells, i.e. well 1, well 2, well 4, well 6, well 7, and well 8 have exceeded the maximum value. Well points with more
than 10 mg/L concentrations were primarily located in residential areas, i.e. well 1, well 2, well 4, and well 8.
Agricultural areas have been confirmed to have contributed to nitrate pollution, such as at well 6 and well 7.

This study showed that various factors influenced the different nitrate concentrations in groundwater at each point. One
of them was the groundwater contamination from agriculture, home-scale industry, and residential activities. Not only
agriculture but also residential land use has a contribution to the nitrate pollution in groundwater. The residential areas
can be a nitrate contributor to the environment associated with septic tank leakage with higher concentrations,
household-scale livestock, and laundry activities. On the other hand, agricultural land use contributes to the nitrate
contamination in groundwater due to excessive fertilizer. This study can conclude that nitrate contamination has a strong
correlation with land use. Both agriculture and residential land use tended to contribute to the nitrate pollution in the
groundwater.
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