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Herwin Lukito 1,  Ekha Yogafanny1a, Suharwanto1, Sektiana Uyun Azizah1, Vindy Fadia Utama1, Novia Devi Safitri1
1)Teknik Lingkungan, Fakultas Teknologi Mineral, UPN “Veteran” Yogyakarta
Jl. SWK Lingkar Timur No. 104, Depok, Sleman, Daerah Istimewa Yogyakarta
aCorrespondence e-mail: ekha.yogafanny@upnyk.ac.id
ABSTRACT
Sidoarum Village, Godean District, Sleman Regency, Special Region of Yogyakarta become one of the developing areas for getting influenced by Yogyakarta City center which is only 8 kilometers 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 using, excessive use of fertilizers, agricultural activities, and industrial waste disposal affects the groundwater quality resources, especially nitrate (NO3) compound. 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 to survey and mapping methods to collect the data. The analysis was conducted by laboratory tests and spatial analysis method using Arc GIS software. The sampling of groundwater was carried out by purposive sampling method based on differences in land use. The results indicated that most of the groundwater in Sidoarum Village has been contaminated by nitrate due to activity in agricultural areas like intense fertilizer application and farming in household-scale in densely populated areas, especially with the bad sanitation system. The distribution of nitrate contaminated groundwater was correlated to the types of land use. The monitoring of land use change is needed especially from the agricultural areas to residential areas due to excessive population growth.
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I. INTRODUCTION
The location close to the city center of Yogyakarta affects the development of Sidoarum village into a sub-urban area, characterized by population growth and economic development. The increase of population will lead to an increase in infrastructure and all aspects of life, including the need for groundwater (Widiyanto, Yuniarno, and Kuswanto 2015). Based on UNFPA Village Projection Data from BPS Sleman 2020, the population increase in Sidoarum Village from 2010 to 2019, which initially amounted 16,986 people to 20,673 poeple, causes on land use changes from an agricultural areas to residential area. 
Modification use of agricultural land, settlements, shrubs and many industrial activities affect the changes of hydrological conditions, both surface water and groundwater (Agustiningsih, Sasongko, and Sudarno 2012). Knowing the concentration of nitrate can use as an indicator of the relationship between unsuitable land use changes and the quality of groundwater in an area, because it is a compound that easily dissolved and transported from the source to the groundwater system (Narany et al., 2017). A significant increase in each years nitrate levels occurs in the agriculture and residential wells (Narany et al., 2017).
Land use type in Sidoarum Village consists of residential areas and agriculture areas which has undergone a change in the area. In 2012, the areas of ​​agricultural land were 202 Ha changes to 148 Ha in 2020, the same thing of settlement areas in 2012 was ​​160 Ha changes to 226 Ha in 2020. Some health problems caused by consuming groundwater as drinking water that contaminated by nitrate included a decrease in the oxygen capacity that carries blood, the potential for methemoglobinemia, baby blue syndrome, hypotension, stomach cramps, vomiting, indigestion, and even death threats from methemoglobinemia symptoms (Husaini et al. 2020).
Anthropogenic chemical compounds that are discharged into the environment have the potential to become pollutants in groundwater systems as the main supply of clean water and drinking water in Sidoarum Village. 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.I Yogyakarta.
Dependency of urban and rural populations on groundwater as the main source of drinking water, especially now that lots growing industries requires a better understanding about the groundwater system (Fenta et al.,2020). Most of people in Sidoarum Village use groundwater as the main source of raw water in fulfill their daily needs because it is easy to access and has sufficient availability which is included in the groundwater basin. The groundwater hydrogeological system in Sleman Regency and Bantul Regency is included in CAT Yogyakarta Sleman referred as the Merapi Aquifer System (SAM), namely the cross-district CAT with CAT number 109 (Hendrayana and Vicente 2013).
Water quality and runoff water volume in the hydrological system of an area are influenced factor of changes in spatial use and land management (Huang et al. 2013). Land use changes from the green open spaces to be agricultural areas and residential areas together with all peoples activities including agricultural and industrial activities will produce residual activities are called anthropogenic. Land use analysis can be used to 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).
Various peoples activities every day will contribute to pollutants that can reduce water quality (Agustiningsih, 2012). Excessive use of fertilizers, rapid population growth, intensive agriculture activities will have a negative impact for potential for groundwater contamination and could more worse if the waste irrigation system is bad (Bawa and Dwivedi 2019). The existance of organic / inorganic compounds and bacteria in groundwater can potentially cause health problems, so it is necessary to have appropriate processing technology (Saparuddin 2010).

Nitrate is one of the inorganic chemical compounds that entry the groundwater system through by surface activities (Marghade 2020). N2 compound is a form of nitrate content in raw water contained in agricultural fertilizers (Dohare, 2014). Nitrogen (N2) contained in fertilizers is useful for increasing crop productivity, however, excessive use can cause degradation of groundwater quality and contamination of drinking water sources which pose a direct 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).
According to Anna, (1993) groundwater in dug wells has been contaminated such as coli bacteria, detergents, nitrates, and other organic and inorganic compounds. Drinking water must meet the drinking water quality standard for Class I in terms of its physical, chemical and biological conditions, which if not in accordance with the regulations will cause various types of diseases such as diarrhea, dysentery, and others. In recent years the quality of groundwater around the world 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 a wide coverage, has the potential to contribute to organic compound pollutants, one of them is nitrate obtained from excessive use of pesticides and fertilizers.
II. METHODS
[image: image3.jpg]20000 mT 30000 mT wio000 mT

ssoooomT

SN
MIDDLE-JAWA' N
REGENCY (™
y A \
5 MagdangRegency |
§ + !

s149902 MU

s139992 mU

.

BoyolaliRegency
\\ 0y egency

£

145902 mU

9139993 mU

ADMINISTRATIVE MAP
OF THE RESEARCH AREA

Sidoarum Village, Godean District,
Sleman Regency, Special Region of Yogyakarta

N

A

Scale 1:150.000

LEGEND

Disvict Boundris
CollsorRoxd
— Arterial Road

= v
I << Retion o Yopyakara
T Middieowa Regeney

Source : Peta Rupa Bumi Indonesia Scale 1:250.000




The research was occur in June until July 2020. This study includes an agricultural area and a residential area, located in the Sidoarum Village, Godean District, Sleman Regency, Special Region of Yogyakarta which is located on UTM coordinates X=423076 mT-42581 mT and Y=9138318 mU-9142432 mU that could seen on Figure 1.
Figure 1. Administration Map of Sidoarum Village. 
It can be seen from the figure that Sidoarum Village located close to the city center of Yogyakarta. The material needed is a land use map as a base map. The tools used were one litre sample bottles, GPS, and a camera for documentation. Groundwater sampling was carried out using a purposive sampling method based on difference types of land use that can be seen in Figure 2. The data collection techniques used were survey and land use mapping. The laboratory test was conducted in determining the quality of groundwater. The spatial analysis using ArcGIS Software was used to know and analyze the distribution of nitrates as well as the correlation between groundwater quality and land use in the study area.
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Figure 2. Map of Existing Condition

III. RESULTS AND DISCUSSION
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 I Government Regulation Number 82 year 2001. The maximum concentration of Nitrate is 10 mg/L. Table 1 represents the results of laboratory test of 9 groundwater samples. From 9 groundwater samples, there were 6 of them had a nitrate value greater than 10 mg/L and 3 samples were below the quality standard. From the laboratory test results, the highest nitrate concentration was existed in the Well 1 reaching about 82.53 mg/L and the lowest concentration of nitrate was in the Well 3 about lower than 0,04 mg/L. 
Table 1. Results of Laboratory Test 

	No 

	Groundwater Sample
	Land use types
	Nitrate Concentration (NO3) (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 standart (Class I)
3.1. 
Distribution of Nitrate Contaminated Groundwater 
Understanding the distribution of nitrates that affect the groundwater quality in the study area is important because groundwater is the main raw water source, which when nitrates entry the body through drinking water can cause health problems. Amarine et al., (2020) stated that consumption of nitrate contaminated water might cause on health problems, nitrate can produce nitro amines which trigger baby blue syndrome and can cause stomach cancer and digestive disorders. Nitrates also trigger methemoglobinemia, goiter, and hypertension (Jamaa et al., 2020). Knowing the distribution of nitrate pollutants in main raw water source is useful for rate the suitability of space use around residential areas and monitoring nitrate levels in groundwater which have been consumed by the community in the study area.
Groundwater sampling points that are 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 nció 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. 
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Figure 3. Map of Groundwater Quality (Nitrate)

Figure 3 shows the distribution of nitrate quality in the study area. It can be seen from the figure that there are 6 well points that have a nitrate concentration more than 10 mg/L and 3 well points with nitrate concentration less than 10 mg/L. Well point that have concentrations more that quality standard mostly located in residential areas. Agricultural areas have been confirmed to have contributed to nitrate pollution at well 6 and well 7. The well 6 is located in livestock and fisheries areas, the northern part of the farm is rice fields with laboratory test results containing nitrate content of 20.62 mg/L. The result exceeds the quality standard because livestock waste is disposed of into a waste pond without a basement membrane so that the remaining manure from livestock or other organic compounds can be easily infiltrated, coupled with the use of pesticides in the rice fields next to the farm. The well 7 is a shrub adjacent to the settlement which also contains nitrate that exceeds the quality standard, namely 18.25 mg/L because it is caused by nitrate contamination from fertilizers or pesticides as well as due to septic-tank leakage. Based on Jamaa, (2020) mentions that waste water treatment household scale (septic-tank) and the use of fertilizers in agricultural areas are the main nitrate contaminants that pollute the environment.
The same thing happened to the well 1 with the highest nitrate concentration, up to 82.53 mg/L which is located in a densely populated residential area. Not far from the 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 well 2, 4, and 8 which prove that not only agricultural areas are a source of nitrate pollution in groundwater. In the middle of residential areas, nitrate contamination occurs through damaged sewers, which have become nitrate contaminants in urban and suburban areas (Nemčić-Jurec and Jazbec 2017).
3.2. 
Correlation of Landuse and Nitrate Concentration in Groundwater
In this study area in Sidoarum Village land uses have been divided in two those with agricultural and non-agricultural areas or called residential areas. The agricultural area in the study area consists of rice fields, mixed gardens, livestock and fisheries, and empty land. Higher nitrate pollution mostly occurs in wells in agricultural areas and shallow wells because it is more affected by livestock waste runoff and nitrate dilution from fertilizer infiltration (Narany et al., 2017). Based on Rebolledo et al., (2016) The condition of groundwater contaminated by nitrates on agricultural land can be used as an indicator for pollution risk assessment. However, based on the results of the groundwater quality test, it turns out that the agriculture area is not only a contributor to nitrate pollutants which affects the quality of groundwater, but also in residential areas. 
Infiltration is one of the mechanisms for nitrates to entry the groundwater system, as stated by Long et al., (2018), which revealed that nitrates included in anions will definitely be infiltrated into soil along with other organic and inorganic substances. Nitrates are infiltrated and reach the aquifer system through gaps or fractures of the rock, also filling the voids in the empty soil structure. When the nitrate reaches the water table and mixes with groundwater, the nitrate concentration will be diluted because the volume of groundwater is greater. Nitrate dilution occurs a lot during the rainy season which allows when the infiltration process of the nitrate concentration that enters the groundwater is low and reduces the potential for groundwater pollution and the impact of nitrates on health.
Population growth is accompanied to the amount of increased water demand and a change in recharge areas or catchment areas to be settlements is one of the reasons of land use affects the groundwaterquality (Lerner and Harris 2009). Domestic waste in densely populated areas will increase the environmental burden on pollutants, densely populated areas will have high nitrate concentrations and high e-coli bacterial contamination. (Me nció et al. 2016). The main problem regarding groundwater quality arises from inappropriate land use and control, especially the absence of central point control of hazardous chemical wastes (Lerner and Harris 2009).
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Figures down below presents the land use in 2012 and 2020, which can be seen from the use of the agriculture area and non-agriculture/ residential area on both maps. The difference between the two land use maps lies in the addition of non-agricultural areas or settlements will increase in 2020. The conversion of agricultural land in Figure 3 in the central and western parts is converted into settlements, which shows the increasing demand for land of residential development and shown the population increase in Sidoarum Village was on period of 8 years which is from 2012 to 2020. There has been a change in the type of land use in Sidoarum Village, which consists of a residential area and an agriculture area, which initially in 2012 the agricultural area was changes from 202 Ha to 148 Ha in 2020, the same as the settlement area in 2012 as wide as 160 Ha to become 226 Ha in 2020. The map of changes in residential land area can be seen in Figure 4.
Figure 4. Map of Landuse in 2012 and Map of Landuse in 2020
Figure 4 represents the differences in area of the residential areas, shown that there was a change due to the conversion of agricultural land to residential area. The results of groundwater quality showed that different nitrate concentrations in groundwater at each point are influenced by various factors, one of which is the activity of agricultural areas, industrial and residential developments, and contamination of urban activities that was also confirmed by other research (Sajeev et al. 2020). Not only does nitrate from agricultural waste pollute aquifers due to long continuous use, but other substances contained in fertilizers also enter aquifers such as ions, metals, other organic compounds or even microorganisms from domestic waste that interact with the subsurface environment. to change the conditions of groundwater quality (Me nció et al. 2016).
Smith et al., (2020) stated that residential areas can 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. The use of space around residential areas can be a non-point source of nitrate pollution, for example by a laundry business that disposes of waste every day containing detergents and other inorganic compounds. The existence of household-scale livestock is one of the contributors to nitrate compounds because the results of manure or livestock manure can be infiltrated when it rains through dilution to then enter the shallow groundwater system in Sidoarum Village.

In Sidoarum Village, there is an irrigation channel that 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 surrounding environmental resources, including washing clothes in the irrigation canal in front of residents' houses. This activity will also affect the quality of surface water due to the disposal of washing waste including detergents will be infiltrated to fill the potential of groundwater in the study area. The existence of fish ponds which are basically not coated with a membrane participates in the nitrogen infiltration process into the aquifer system
Apart from the inappropriate use of space among densely populated settlements, the natural conditions of the hydrochemical characteristics and differences in rock types also affect the concentration of nitrate in an area. Other factors are geological processes, seawater intrusion, area agricultural activity, industrial development, and contamination of urban activities (Sajeev et al. 2020). Therefore, it is important for everyone to maintain the sustainability of groundwater because groundwater has an important role in the balance of the ecosystem (Lerner and Harris 2009).
IV. CONCLUSION AND FURTHER RESEARCH
The results of the nitrate content (NO3) test on groundwater sampling showed that 6 out of 9 water samples had nitrate content that exceeded the Class I drinking water quality standard according to the Government Regulation Number 82 Year 2001. This adds to the pollutant load that is discharged into the environment, especially nitrate compounds that come from the use of fertilizers and pesticides as well as disturbances in household scale WWTP (Waste Water Treatment Plant) and poor sanitation systems. Differences in land use and laboratory test results for nitrate compounds have a strong influence on the amount of waste discharged into the environment. The use of space in existing settlements in Sidoarum Village in the form of laundry, household scale farms, fish ponds, shopping businesses, and people's habits of washing in irrigation canals is the cause of groundwater contamination by nitrate compounds in the study area.
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