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Abstract. Clean water must be met in terms of quality, quantity and
continuity. Clean water quality that has not been met according to quality
standards will harm people's health. Rural communities often face the
problem of unmet quality of clean water. The Ngudi Tirto Rural Drinking
Water Supply System serves the clean water needs of the Kebonromo hamlet
community. Water sampling is needed to determine its quality level.
Sampling was carried out at several points to determine the distribution of
quality levels. The quality levels taken are pH, Fe, KMnO4 and DO. The
distribution of water quality levels was analysed using ArcGIS software with
the IDW method. Clean water quality standards are based on Minister of
Health Regulation no. 32 of 2017. Based on the results of water quality
levels, it shows that the pH value is between 6.9 and 7.8. Fe quality levels
obtained values between 0.1 mg/l and 0.3 mg/1. The quality level of KMnO4
obtained values between 6.162 mg/l and 15.01 mg/l. And the DO quality
level obtained a value between 1.15 mg/l and 2.7 mg/l. The distribution of
clean water quality levels along the distribution network is as follows, for
pH levels of 100% which meet quality standards, Fe levels of 100% which
meet quality standards, KMnO4 levels of 87.5% which meet quality
standards and DO levels which do not meet quality standards.

1. Introduction

The need for clean water must be met in terms of quantity, quality and continuity. Aspects of
clean water quality that are not met will affect public health. The quality of clean water
sourced from groundwater, river water and rainwater must meet physical, chemical and
biological characteristics. Clean water quality that meets health quality standards will be safe
for use by the community so that it does not harm health. Water quality testing must be carried
out routinely, especially at the water source [13]. Water quality can be influenced by various
things, natural and non-natural. Natural things include plants, rocks, soil and weather.
Agricultural waste, industrial waste and domestic waste can be generated by daily human
activities [17]. A description of water quality can be done using descriptive observational
methods. Observations mainly consist of the physical quality of clean water [1].
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Rural residents meet their clean water needs from groundwater. The groundwater can be
deep or shallow groundwater. Of course, shallow groundwater is easier and cheaper to
collect, but there are many villages that need to use deep groundwater [12]. Regional drinking
water companies provide clean water services to urban communities. Fulfilment of clean
water must reach all regions in Indonesia, urban and rural. Due to its large area and
mountainous topography, it is difficult for Local Water Company (LWC) to reach it. To
overcome this, several regions are developing independent water management through the
Rural Drinking Water Supply System [8]. The existing groundwater path will determine the
potential for groundwater to enter the area. Determining the path of water in the ground can
be done using geoelectricity. Water in the ground can be groundwater or leachate if it is near
a waste dump [14].

Clean water leaks in LWC Gorontalo City are still considered high, above 20%. LWC
services are not optimal as a result of this leak [15]. Clean water users and number of
customers in an area that is included in the service zone is information that can be used in
planning clean water production in the future. Service to customers always looks at aspects
of quantity and quality [6]. Drinking Water Supply and Sanitation Work Unit for Drinking
Water in DI province. Yogyakarta is trying to facilitate the community in Gunung Kidul
Regency in making it easier to get clean water through the Village Drinking Water Supply
System (SPAMDes) program. Assessment in the form of monitoring and evaluation of the
SPAMDes program needs to be carried out routinely and continuously until the following
year [2].

Typically, the iron (Fe) present in water is in a dissolved state. Iron is frequently present
in soil, and groundwater also includes iron. According to the Regulation of the Minister of
Health of the Republic of Indonesia Number 32 of 2017, the maximum permissible iron
content in drinking water is 1 mg/l. Excessive iron levels that surpass health limits can lead
to a range of issues affecting both health and daily activities. Chronic consumption of
drinking water with elevated iron levels may lead to health repercussions [7]. Dissolved
Oxygen (DO) is a metric for assessing water quality. Water quality is deemed superior when
the dissolved oxygen (DO) concentration is elevated, whereas dirty water is characterized by
diminished oxygen levels [10]. The Republic of Indonesia Minister of Health Regulation
Number 32 of 2017 (Water Quality Regulation) stipulates that the minimum limit for
dissolved oxygen in drinking water is 4 mg/l. Organic compounds, particularly those soluble
in water, may originate from daily human activities, animals, plants, or other sources.
Dissolved organic compounds are readily degraded by bacteria utilizing dissolved oxygen in
water. Water that is polluted or contaminated contains elevated levels of organic materials,
rendering it unsuitable for consumption as drinking water [3].

Water Quality Regulation establishes permissible water quality requirements based on
characteristics for drinking water, which include clarity, tastelessness, and lack of odor. The
allowable pH range is 6.5 to 8.5. The maximum concentration of dissolved iron in water is
less than 1 mg/l. The permissible concentration of KMnO4 or dissolved organic compounds
in water is less than 10 mg/l. Simultaneously, dissolved oxygen (DO) levels in water are a
minimum of 4 mg/l. The collected water samples encompass multiple locations, including
the residential connection. The samples are subsequently evaluated for quality in the
laboratory. Sample test data were analyzed utilizing the Inverse Distance Weighted (IDW)
approach with ArcGIS software. The IDW method exhibits greater accuracy than the Kriging
method, as the values converge towards the lowest and maximum of the collected data [11].

SPAMDes Ngudi Tirto, situated in Kebunromo Village, Giripurwo Sub-district,
Girimulyo District, Kulon Progo Regency, DIY, is a community water supply system
utilizing shallow wells to meet the clean water requirements of 115 homes. An examination
of water quality must be conducted to ascertain the extent of its distribution within the Ngudi
Tirto SPAMDes network.



BIO Web of Conferences 137, 03016 (2024) https://doi.org/10.1051/bioconf/202413703016
ICBCD 2024

2. Methodology
2.1. Basic Research
2.1.1. Water Quality

Water quality research was conducted utilizing chemical criteria such as pH, iron levels,
potassium permanganate levels, and dissolved oxygen levels, adhering to the quality
standards established by the Regulation of the Minister of Health of the Republic of Indonesia
Number 32 of 2017 [9]. The pH level is a chemical characteristic that influences water
quality. The neutral pH range is 6.8 to 7.0; a pH below 7 signifies acidic water. Highly acidic
water can damage storage facilities and containers it traverses, including storage tanks and
pipes, and can harm textile materials when utilized for laundering. The activity of hydrogen
ions can be represented by the pH value or acidity level. Factors that can affect the pH value
encompass temperature, oxygen concentration, biological activity, and the presence of ions
[16]. Iron (Fe) is an element abundantly present on Earth, located in geological strata and
aquatic environments. The iron level in water is primarily composed of dissolved iron.
According to Water Quality Regulation, the maximum permissible iron concentration in
drinking water is 1 mg/l. Excessive iron levels that surpass health limits can lead to a range
of issues affecting both health and daily activities. Chronic consumption of drinking water
with elevated iron levels can lead to health issues [7]. Organic compounds, particularly those
soluble in water, may originate from animals, plants, human activities, or various other
sources. Dissolved organic compounds are readily degraded by bacteria utilizing dissolved
oxygen in water. Elevated levels of organic compounds in water signify pollution or
contamination, rendering the raw water unsuitable for consumption. [3]. According to Water
Quality Regulation, the maximum permissible limit for organic substance content (KMnO4)
in drinking water is 10 mg/l. Dissolved Oxygen (DO) is a metric for assessing water quality.
Low oxygen levels signify polluted water conditions, while elevated dissolved oxygen (DO)
levels suggest improved water quality [10]. According to Water Quality Regulation, the
minimal guideline for dissolved oxygen in drinking water is 4 mg/1.

2.1.2. Distribution of Water Quality Level

Water quality values can be influenced by several factors, including environmental factors
and pipes. The connection between the water and the pipe walls allows contamination to
occur along the water distribution distance. The age of the water remaining in a pipe network
can be a factor in decreasing water quality. The need for water varies every hour, which
causes water to be trapped in the pipe network system within a certain time. The distribution
of water in pipes will experience physical, chemical and biological reactions so that the
longer the water in the pipe network can change the water quality [5].The results of the water
quality analysis obtained will be mapped using ArcGIS software based on the coordinates of
the water sampling location. Water quality distribution mapping is carried out using the IDW
method, where the function of this method is to estimate the value of locations that were not
previously sampled based on the values sampled in the surrounding area. The IDW method
assumes that the result values will be more similar at locations that are close to the sample
data. The value can change according to the distance from the sampled data [11]. Of the
various water quality distribution methods, this research uses the IDW method because this
method is often used in previous studies. This method is quite simple to use with more
accurate method results compared to other methods. The interpolation results are limited to
the values contained in the sample so that no values will be found outside of the observed
data.
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2.2. Research Methods

2.2.1 Research Site

The research was conducted at the Ngudi Tirto Rural Drinking Water Supply System
(SPAMDes). The location of SPAMDes is located in Kebunromo Village, Giripurwo Sub-
District, Girimulyo District, Kulon Progo Regency, Yogyakarta Province. SPAMDes Ngudi
Tirto was established on November 11,2011 and has served 115 heads of families. The Ngudi
Tirto SPAMDes network is divided into 2, namely the transmission pipe network and the
distribution pipe network. A map of sampling locations can be seen in Figure 1.

2.2.2 Research time

Water samples were collected twice, namely during normal usage hours and water usage
during peak hours on January 10, 2023 at 11.00-12.00 and January 31, 2023 at 07.00-08.00
at The sampling technique is carried out directly using bottles in accordance with SNI 06-
2412-1991 concerning water quality sampling methods.

2.2.3 Research data

Data obtained directly from the field or research location is primary data that will be used for
research. The data obtained directly is water data from nine location points. Secondary data
is data obtained from previous research and literature related to the research conducted. Based
on the data from the analysis, the following analysis is carried out:
a. Analysed the value of the degree of acidity (pH) in water samples at each location
b. Analysed the iron (Fe) content in water samples at each location
c. Analysed the levels of dissolved organic content (Kalium Permanganat, KMnO4) in water
samples at each location
d. Analysed the levels of (Dissolved Oxygen) DO in water samples at each location
e. Water quality parameters are used to analyze the distribution of water quality in the
furthest customer's home network, 4 samples taken on January 10 2023 and January 31
2023.
f. Regulation of the Minister of Health of the Republic of Indonesia Number 32 of 2017 as
the basis for determining drinking water quality standards.
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3. Result and Discussion

3.1 Water Quality

Water quality research with the parameters pH, Fe content, KMnO4 content, and DO was
carried out at 8 location points at SPAMDes Ngudi Tirto. Water sources come from rivers
and shallow wells. Water from the source is pumped into a relay tank and then pumped into
a tank and then distributed to the customer's house. pH analysis is intended to determine the
value of the degree of acidity in water. Acidic water is indicated by a low pH value of <6.5.
Meanwhile, alkaline water is indicated by a high pH value of = 8.5. A pH value of 6.5 to 8.5
indicates that the water is neutral or suitable for consumption.

The results of pH analysis using a pH meter show that the value of sample 1 which was
taken and analyzed on January 10 2023 at 11.00-12.00 WIB ranges from 6.9 to 7.8 with the
lowest value in the Mejing well and auxiliary well while the highest value in the main well
and customer's house 1. The results of pH analysis on sample 2 which was taken and analyzed
on January 31 2023 at 07.00-08.00 WIB ranged from 6.9 — 7.6 with the lowest value being
the relay tank while the highest value was the tank. Based on the results obtained, it shows
that the water used complies with clean water quality standards.

In general, groundwater naturally contains Fe which comes from minerals and dissolved
metals. Based on quality standards, the maximum value of Fe content for drinking water is
1.0 mg/1. The results of the Fe content analysis in sample 1 which was taken and analyzed on
January 10 2023 at 11.00 — 12.00 WIB ranged from 0.1 — 0.2 mg/l, while the Fe content
analysis in sample 2 which was taken and analyzed on the 31st. January 2023 at 07.00 — 08.00
WIB ranges from 0.1 — 0.3 mg/1.

The increase in values from samples 1 and 2 could be influenced by weather factors
because sampling 2 was carried out after rain occurred in the area. The Fe content in rainwater
can affect the Fe content in the water. Water can be polluted by soil carried by rainwater.
Polluted water is indicated by high Fe content in the water. Water in SPAMDes Ngudi Tirto
provides results of Fe content analysis, overall it is still below the maximum limit for Fe
content in water and in accordance with clean water quality standards.

Dissolved organic substances are substances that come from compost, plant residues or
other organic waste. Water quality analysis with the KMnO4 parameter is aimed at
determining the value of organic substances contained in water. A high KMnO4 value
indicates that the water has been polluted.

The analysis results for samples taken and analyzed on January 10 2023 at 11.00 — 12.00
WIB ranged from 6,162 mg/I to 12,482 mg/l where the highest value was obtained in the tank
and the lowest value was in the main well. Meanwhile, sample 2 which was taken and
analyzed on January 31 2023 at 07.00 — 08.00 WIB ranged from 7.9 mg/l to 15.01 mg/l.
Based on the results of the analysis carried out, the KMnO4 value does not meet the
applicable quality standards where the maximum value of dissolved organic substances is 10
mg/l.

High levels of KMnO4 can be influenced by contamination of rainwater that falls on
sources that have open access such as main wells and mejing wells. The decrease in KMnO4
values from samples 1 and 2 can be influenced by differences in water collection hours.
Sample 2 was taken at the first peak hour so that the flowing water was water that had been
stored overnight, allowing organic substances to settle.
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3.2 Mapping the Distribution of Jarimgam SPAMDes Water Quality

Utilizing ArcGIS software to map the distribution of water quality across the SPAMDes
Ngudi Tirto network through IDW analysis, focusing on the parameters of pH, iron content,
KMnO4 concentration, and dissolved oxygen content. The objective of mapping water
quality distribution is to ascertain the distribution pattern of water quality within the
SPAMDes network. The SPAMDes network comprises two components: the transmission
pipe network, which facilitates upward water flow from the main well and the Mejing well
to the relay tank before it is pumped to the storage tank; and the distribution pipe network,
which operates in a downward flow direction, delivering water from the tank to the residential
customers.Acidity The pH parameters of water quality at SPAMDes Ngudi Tirto for sample
2 vary from 6.9 to 7.6. The pH water quality criteria, as stipulated by Indonesian Minister of
Health Regulation Number 32 of 2017, range from 6.5 to 8.5. The analysis findings obtained
with a pH meter indicate that the pH value falls within the standard limits for clean water
quality. A diagram illustrating the distribution of pH values in Figure 2.
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Fig. 2. Map of distribution of pH values in distribution pipe networks

Figure 2 shows the distribution of SPAMDes pH values in the distribution pipe network.
Dark red areas show higher pH values than areas that show a lighter red color. The pH value
distribution map shows that the point from the tank to the furthest customer's house 1 with a
distance of 1,240.82 meters experienced a change in value, namely from 7.6 to 7.5, on the
network from the tank to the furthest customer's house 2 with a distance of 1,240.2 meters,
the value decreased. from 7.6 to 7.5, on the network from the tank to the house of the furthest
customer 3 with a distance of 1,268.68 meters the value changed from 7.6 to 7.5, and on the
network from the tank to the house of the furthest customer 4 with a distance of 786.5 meters
experienced a change in value from 7.6 to 7.5. Parameters that can influence the pH value
include temperature, oxygen levels, biological activity, and ions contained in water. The
distribution of pH parameters in the distribution pipe network shows the analysis results that
have met the clean water quality standards.

Based on the Fe parameters, water quality at SPAMDes Ngudi Tirto in sample 2 ranges
from 0.1 — 0.3 mg/l. The water quality standard for Fe parameters according to the Republic
of Indonesia Minister of Health Regulation Number 32 of 2017 is 1 mg/I. The analysis results
show that the Fe value is in accordance with clean water quality standards. A map of the
distribution of Fe values in the distribution pipe network can be seen in Figure 3.
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Figure 3 shows the distribution of Fe SPAMDes values in the distribution pipe network.
Dark brown areas show higher Fe values than areas that show a lighter brown color. The Fe
value distribution map shows that the network from the tank to the furthest customer's house
1 with a distance of 1,240.82 meters experienced a change in value, namely from 0.1 mg/I to
0.2 mg/l, on the network from the tank to the furthest customer's house 2 with a distance
1,240.2 meters experienced an increase in value from 0.1 mg/l to 0.2 mg/l, on the network
from the tank to the furthest customer's house 3 with a distance of 1,268.68 meters
experienced a change in value from 0.1 mg/l to 0, 2 mg/l, and in the tank network to the
furthest customer's house 4 with a distance of 786.5 meters, the value changed from 0.1 mg/1
to 0.2 mg/l. An increase in the Fe value can be caused by Fe sticking to the pipe walls being
carried away by the water flow. Based on the analysis results, Fe levels in the distribution
network comply with clean water quality standards for Fe parameters.

The KMnO4 value indicates that the water quality at SPAMDes Ngudi Tirto in sample
2 varies between 8.22 and 15.01 mg/l. The water quality requirement for the KMnO4
indicator, as stipulated by the Regulation of the Minister of Health of the Republic of
Indonesia Number 32 of 2017, is a maximum of 10 mg/l. The analysis results indicate that
the KMnO4 value aligns with clean water quality standards for KMnO4 parameters;
however, at the Mejing well point, the results exceed the maximum limit, rendering the water
at that location non-compliant with clean water quality standards for KMnO4 parameters.
Figure 4 illustrates the spread of KMnO4 values inside the distribution pipe network.
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Figure 4 shows the distribution of KMnO4 SPAMDes values in the distribution pipe
network. Dark green areas show higher KMnO4 values compared to areas that show a lighter
green color. The KMnO4 value distribution map shows that the network from the tank to the
furthest customer's house 1 with a distance of 1,240.82 meters experienced a change in value,
namely from 8.22 mg/l to 9.0006 mg/1, on the network from the tank to the furthest customer's
house 2 with a distance 1,240.2 meters experienced an increase in value from 8.22 mg/l to
9.48 mg/1, on the network from the tank to the furthest customer's house 3 with a distance of
1,268.68 meters experienced a change in value from 8.22 mg/l to 9, 48 mg/1, and in the tank
network to the furthest customer's house 4 with a distance of 786.5 meters, the value changed
from 8.22 mg/1 to 9.48 mg/l. Based on water quality analysis with KMnO4 parameters in the
distribution pipe network, it has met the clean water quality standards for KMnO4
parameters.

The dissolved oxygen (DO) measurements for water quality at SPAMDes Ngudi Tirto
in sample 2 vary from 1.15 to 1.95 mg/l. The water quality requirement for dissolved oxygen
(DO) parameters, as stipulated by the Regulation of the Minister of Health of the Republic
of Indonesia Number 32 of 2017, is a minimum of 4 mg/l. The study indicates that in sample
2, the dissolved oxygen (DO) concentration falls below the minimal threshold, rendering the
water in this sample non-compliant with clean water quality criteria for DO parameters.
Figure 5 illustrates the distribution of dissolved oxygen (DO) values within the distribution
pipe network.
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Figure 5 shows the distribution of SPAMDes DO values in the distribution pipe network. The
dark blue area shows a higher DO value than the area that shows a lighter blue color. The
DO value distribution map shows that the network from the tank to the furthest customer's
house 1 with a distance of 1,240.82 meters experienced a change in value, namely from 1.85
mg/l to 2.7 mg/l, on the network from the tank to the furthest customer's house 2 with a
distance of 1,240.2 meters experienced an increase in value from 1.85 mg/l to 1.95 mg/l, on
the network from the tank to the furthest customer's house 3 with a distance of 1,268.68
meters experienced a change in value from 1.85 mg/l to 1, 35 mg/l, and in the tank network
to the furthest customer's house 4 with a distance of 786.5 meters, the value changed from
1.85 mg/l to 1.83 mg/l. Based on the analysis of water quality with DO parameters in the
distribution pipe network, it does not meet clean water quality standards with DO parameters.

4. Conclusions

Based on the results of water quality analysis carried out on the Ngudi Tirto SPAMDes
Network with the parameters pH, Fe content, KMnO4 content, and DO content and mapping
of the distribution of water quality, it can be concluded as follows:

a. It is the pH parameter that determines the quality of the water, with 7.6 being the greatest
possible value and 6.9 being the lowest possible value. The Fe content reveals that the
highest value is 0.3 mg/l, while the lowest value is 0.1 mg/l. The range of values is
substantial. It was determined that the KMnO4 levels with the highest value were 15.01
mg/l, while the lowest value was 8.22 mg/l. At the same time, the DO level that was the
highest was 2.7 mg/l, and the value that was the lowest was 1.15 mg/l. The location of
the water source, the time of water collection, the weather, the status of the pipes, and the
activities that take place around the source all have an impact on the quality of the water
in SPAMDes.

b. The analysis of the water quality pipe distribution within the SPAMDes
network, based on sample 2, indicates that 100% of the pH and Fe values comply
with clean water quality standards. In contrast, 87.5% of the KMnO4 values
meet the standards, while 0% of the DO values are compliant.

References

[1] Andini, N.F., 2017. Physical Quality Test of Clean Water at Clean Water Facilities of
Community-Based Drinking Water and Sanitation Provision Program, Nagari Cupak
Kabupaten Solok. J. Kepemimp. dan Pengur. Sekol. 2, 7-16.

[2] Erlinna, A., 2015. Study of Rural Drinking Water Provision System. J. Infrastruktur 1,
42-47.

[3] Haitami, Dinna Rakhmina, Syahid Fakhridani, 2016, Accuracy of Results and Variations
in Boiling Time for Examination of Organic Substances, Medical Laboratory
Technology Journal. 2 (2), 2016, 61-65.

[4] Hasrianti and Nurasia, 2016, Analysis of Color, Temperature, pH and Salinity of
Borehole Water in Palopo City, Proceedings of the National Seminar, Volume 2, Nomor
1, Halaman 751.

[5] Hermiyanti, P., dan Wulandari, E.., 2017, Overview of Residual Chlorine and MPN
Coliform in PDAM Water Distribution Network, Jurnal Media Kesehatan, Vol.10, No.
2, hal. 102-204.

[6] Hijriani, A., Muludi, K., Andini, E.A., 2016. Implementation of Simple Linear



BIO Web of Conferences 137, 03016 (2024) https://doi.org/10.1051/bioconf/202413703016
ICBCD 2024

Regression Method in Presenting Clean Water Usage Prediction Results PDAM Way
Rilau Kota Bandar Lampung Dengan Sistem Informasi Geofrafis. Inform. Mulawarman
J. llm. TIlmu Komput. 11, 37. https://doi.org/10.30872/jim.v11i2.212

[7] Ishaq, E., Salham, M. dan Amalinda, F, 2019, Efektifity Arang Kulit Singkong (Manihot
Utilissima) and Arang Kulit Ubi Jalar Ungu (Ipomea batata I. poir) In reducing the
levels of iron (Fe) in injection well water di Kelurahan Talise Kecamatan Mantikulore
Kota Palu.

[8] Istichori, Wiguna, I.P.A., Masdugqi, A., 2018. Analysis of Determination of Drinking
Water Tariffs of PDAM Lamongan Regency Based on the Principle Full Cost Recovery.
J. Civ. Eng. 33, 10-19.

[9] Regulation of the Minister of Health of the Republic of Indonesia Number 32 of 2017
concerning Environmental Health Quality Standards and Water Health Requirements
for Hygiene and Sanitation Needs, Swimming Pools, Solus Per Aqua, and Public Baths.

[10] Prahutama, A., Statistika, J., Matematika, F., Ilmu, D., Alam, P., Diponegoro, U.,
Alamat, S., 2013. Estimation of DO (Dissolved Oxygen) content in the Surabaya River
using the Kriging method.

[11] Pramono, G., 2008, Accuracy of IDW and Kriging Methods for Suspended Distribution
Interpolation in Maros, Sulawesi Selatan, Forum Geografi, 22(1), 145-158.

[12] Purnama, S., (2010) Groundwater Hydrology, Kanisius, Yogyakarta

[13] Putra, A.Y., Mairizki, F., 2019. Analysis of Color, Acidity Degree and Iron Metal
Content of Groundwater, Kecamatan Kubu Babussalam, Rokan Hilir, Riau. J.
Katalisator 4, 9. https://doi.org/10.22216/jk.v4i11.4024

[14] Ramadhan, F., Prasasti D.R, F., Firizqy, F., Nugroho Adji, T., 2019. Estimation of
Leachate Distribution with Geoelectric ERT Method di TPA Piyungan, Bantul, DIY.
Maj. Geogr. Indones. 33, 1. https://doi.org/10.22146/mgi.38813

[15] Rivai, Y., Masduki, A., Djoko Marsono, B., 2006. Evaluation of Distribution System
and Clean Water Service Improvement Plan PDAM Kota Gorontalo. J. SMARTek 4,
126-134.

[16] Rosita, N., 2014. Analysis of the Quality of Refill Drinking Water from Several Refill
Drinking Water Depots in Tangerang Selatan. J. Kim. Val. 4, 134-141.
https://doi.org/10.15408/jkv.v0i0.3611

[17] Sudarmadji, S., 2016. Changes of Groundwater Quality in the Sorrounding Pollution
Sources Due to Earthquake Dissaster. Forum Geogr. 20.
https://doi.org/10.23917/forgeo.v20i2.1813

[18] Suryadirja, A., Muliasari, H., Ananto, A. D. dan Andayani, Y. 2021. Analysis of [ron
(Fe) Metal Content in Well Water in Central Praya District Using Atomic Absorption
Spectrophotometry. Jurnal Sanitasi dan Lingkungan, Vol. 2, No. 2, Desember 2021.

10


https://doi.org/10.30872/jim.v11i2.212
https://doi.org/10.22216/jk.v4i1.4024
https://doi.org/10.22146/mgi.38813
https://doi.org/10.15408/jkv.v0i0.3611
https://doi.org/10.23917/forgeo.v20i2.1813



