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ARTICLE HISTORY ABSTRACT

Groundwater serves as the primary source of potable water globally, including in Indonesia.
Received July 30, 2024 Unfortunately, the presence of fluoride concentrations in groundwater, whether in ideal,
Accepted April 16, 2025 insufficient, or excessive quantities, can have either beneficial or detrimental effects. Presently, the
Published May 15, 2025 inhabitants of Jakarta persist in relying on groundwater as their primary source of clean water,

which presents an escalating peril to public well-being as a result of increased domestic activities.
Regarding the situation, this research aims to analyze the temporal trends and spatial distribution
of fluoride concentration in groundwater and its potential consequences for public health risks in
Jakarta. A total of 1,418 fluoride and temperature data from the Jakarta Environmental Agency was

Keyword: used for spatial-temporal analysis of 2016-2019 trends. We applied Microsoft Excel 2021 and
Groundwater; Fluoride; ArcGIS Pro 3.2 for statistical and spatial data analysis. The result indicated that the fluoride
Dental caries; Jakarta concentration in groundwater was 72.14% below the minimum recommended value of 0.5 mg/L,

mostly in the southern part of Jakarta. However, the average fluoride concentration for all seasons
per year is consistently increasing, specifically in the northern part of Jakarta. Based on this
research's findings, we concluded that the deficiency of fluoride concentration in groundwater is
the majority problem in Southern Jakarta and could potentially cause dental caries if the
groundwater is used as the daily source of clean water. This information is very useful for the
government and public health authorities to further mitigate and protect people in Jakarta who
still rely on groundwater as the source of clean water.

Air tanah merupakan sumber utama air minum di dunia, termasuk di Indonesia. Sayangnya,
keberadaan konsentrasi fluorida dalam air tanah, baik dalam jumlah ideal, tidak mencukupi, atau
Air tanah; Fluorida; Caries berlebihan, dapat memberikan dampak yang menguntungkan maupun merugikan. Saat ini,
gigi; Jakarta penduduk Jakarta masih mengandalkan air tanah sebagai sumber utama air bersih, yang
menimbulkan risiko yang semakin besar bagi kesejahteraan masyarakat akibat meningkatnya
aktivitas domestik. Terkait dengan situasi tersebut, penelitian ini bertujuan untuk menganalisis tren
temporal dan distribusi spasial konsentrasi fluorida dalam air tanah serta potensi konsekuensinya
terhadap risiko kesehatan masyarakat di Jakarta. Sebanyak 1.418 data fluorida dan suhu dari Dinas
Lingkungan Hidup Jakarta digunakan untuk analisis spasial-temporal tren 2016-2019. Kami
menerapkan Microsoft Excel 2021 dan ArcGIS Pro 3.2 untuk analisis data statistik dan spasial. Hasil
penelitian menunjukkan bahwa konsentrasi fluorida dalam air tanah adalah 72,14% di bawah nilai
minimum yang direkomendasikan yaitu 0,5 mg/L, sebagian besar di wilayah selatan Jakarta.
Namun, rata-rata konsentrasi fluorida untuk semua musim per tahun terus meningkat, khususnya
Ruwa Jurai: Jurnal di wilayah utara Jakarta. Berdasarkan temuan penelitian ini, kami menyimpulkan bahwa
Kesehatan Lingkungan is licensed kekurangan konsentrasi fluorida dalam air tanah merupakan masalah utama di wilayah selatan
und?r a Creative Commons Jakarta dan berpotensi menyebabkan karies gigi jika air tanah digunakan sebagai sumber air bersih
Attribution-NonCommercial 4.0 . X T . i X
International License. sehari-hari. Informasi ini sangat berguna bagi pemerintah dan otoritas kesehatan masyarakat
untuk mencegah dan melindungi masyarakat Jakarta yang masih mengandalkan air tanah sebagai
sumber air bersih.
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1. Introduction

Fluoride has a significant impact on human
health (Yang et al., 2022). Regardless of whether
they are present in optimal, deficient, or excessive
amounts, each concentration has its own positive
or negative effect. The human body requires
optimal concentrations of fluoride, which range
from 0.5 to 1.0 mg/L, in order to prevent dental
caries, promote bone formation, facilitate
mineralization, and support tooth enamel
development (Jha & Tripathi, 2021; Mukherjee &
Singh, 2018; Rasool et al., 2018; Shaji et al., 2024;
Yadav et al., 2021). Fluorapatite exhibits lower
solubility and greater resistance to acid erosion
compared to hydroxyapatite. This property makes
it beneficial for reinforcing enamel and
safeguarding it against acidic substances derived
from food residues in the oral cavity. Nevertheless,
this is only beneficial when the levels of fluoride are
low. High levels of fluoride can change
hydroxyapatite into fluorapatite, which may be
more significant than the substitution of hydroxide
(Kimambo et al, 2019). In contrast, a lack of
fluoride causes dental cavities, enamel failure, and
weakened bones (Ayenew, 2008; Edmunds &
Smedley, 2013; Kumar et al, 2019). Enamel
development and bone mineralization necessitate
a daily intake of 0.5 mg/L fluoride (Ahmad et al.,
2022; Ali et al.,, 2016; Gangani et al., 2022; Kumar et
al., 2019). Research shows that food choices and
insufficient fluoride consumption primarily cause
persistent tooth decay, a widespread health issue
that affects 350 million adults and 486 million
children (World Health Organization, 2002).

Jakarta, a prominent megacity, is currently
experiencing a multitude of environmental
degradations. Since the early 1970s, Jakarta has
experienced rapid urbanization, industrialization,
and population growth. As a result, the city has had
to extract groundwater to fulfill its municipal and
industrial requirements (Maathuis et al., 1996).
Jakarta heavily relies on groundwater as a
substitute for its inadequate public water supply
system (Costa et al.,, 2016). In 2015, the Regional
Environmental Agency conducted a water security
assessment, which found that the drinking water

company of Jakarta (PAM Jaya) was only able to
provide 40% of the population's water needs.
Groundwater sources provided the remaining 60%
of the water. Unfortunately, 80% of the unconfined
aquifer and 85% of the confined aquifer fail to
meet the water quality criteria for drinking water
regulation (Indonesian Ministry of Health, 2023).
Currently, Jakarta's residents continue to depend
on groundwater for their drinking water, which
poses a growing threat to public health due to
increased domestic activities. Hence, the objective
of this research is to analyze the temporal trends
and spatial distribution of fluoride concentrations
in groundwater and their potential consequences
on human health risk in Jakarta. This research will
also help the authorities develop more effective
strategies to reduce the hazards to public health.

2. Methods

Jakarta, the capital of Indonesia, is situated on
the northwest coast of Java Island (Figure 1).
Jakarta has a total area of 664.01 km? with its
metropolitan area encompassing 9,957.08 km?,
which includes the satellite cities of Bogor, Depok,
Tangerang, South Tangerang, and Bekasi. The
Jakarta metropolitan region, often known as
Greater Jakarta, is the largest urban area in
Indonesia and the second-largest in the world,
surpassed only by Tokyo, Japan. Jakarta serves as
the hub for the economic, industrial, cultural, and
political activities in Indonesia. According to the
BPS-Statistics of DKI Jakarta Province (2022), the
population of the area was 10,562,088 as of mid-
2021.

Data on fluoride in groundwater was compiled
from institutional secondary data. Secondary
fluoride concentration data from the Jakarta
Environmental Agency have been proposed and
granted for use in this research. The data consist of
4 years of temporal monitoring of fluoride
concentration in groundwater, both in the dry and
wet seasons, from 2016-2019. The total of 1,418
fluoride concentration data was used for spatial-
temporal analysis to reveal the trends of
groundwater fluoride in the research area. Not only
fluoride concentration, but the temperature of
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groundwater from the same institution was also
used to support the occurrence factor analysis. We
used Microsoft Excel 2021 software for basic

.26630/rj.v19i1.4565

calculations, data preparation, and supporting and
descriptive statistical analyses. ArcGIS Pro 3.2 was
used to analyze the spatial patterns in the data.
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Figure 1. Research area position on Java Island, Indonesia

3. Results

The fluoride concentration in Jakarta varied
from 0.05 to 0.81 mg/L (with a mean of 0.20 mg/L)
in dry season 2016 (n = 119) and from 0.05 to 0.93
mg/L (with a mean of 0.23 mg/L) in dry season
2016 (n = 45). The same pattern on minimum,
maximum, and average concentration is not so far
between the dry and wet seasons in the years 2017,
2018, and 2019. As shown in Table 1, the average
amount of fluoride in Jakarta's groundwater is
mostly low concentrations below 0.5 mg/L. 0.5
mg/L.

Groundwater fluoride concentration analysis
from 2016-2019 showed that the fluoride
concentration in groundwater was 72.14% below
the minimum recommended value of 0.5 mg/L. As
shown in Table 2, the amount of fluoride data in
Jakarta's groundwater below 0.5 mg/L is mostly
between 50.58% and 92.44% for the dry season
and 41.67% and 90.76% for the wet season.
Conversely, the fluoride concentration above 1.5
mg/L is almost below 1% for all years, except in the
wet season of 2018. For the 2018 sample data, the
fluoride concentration was slightly higher, about
3.77 mg/L above 1.5 mg/L standard. The remaining
optimum range is not significant compared to the
low concentration.
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Table 1. Statistical summary of temporal fluoride concentration

Season Year (n) Min Max Mean SD

Dry 2016 119 0.05 0.81 0.20 0.16
2017 259 0.04 1.59 0.31 0.27
2018 132 0.04 2.00 0.39 0.36
2019 259 0.10 1.48 0.47 0.26
Total n 769

Rainy 2016 119 0.05 0.93 0.23 0.16
2017 259 0.03 1.54 0.27 0.27
2018 259 0.04 3.77 0.52 0.54
2019 12 0.24 1.00 0.65 0.26
Total n 649

In the dry season, the minimum average
concentration was 0.20, and the maximum was 0.47
mg/L, whereas in the wet season, the minimum
average is 0.23, and the maximum average is 0.65.
We have observed an interesting pattern in the
concentration average, despite the average being

very low for almost all samples. Figure 2h shows
that the average fluoride concentration for all
seasons per year is increasing. Additionally, during
the dry season, the average temperature of
groundwater for all samples is 23.64 °C, while in the
wet season is 23.82 °C.

Table 2. Percentage fluoride concentration classification

Season Year n F< 0.5 mg/L 0.5< F<1.5mg/L F>15mg/L Total
(%) (%) (%) (%)
Dry 2016 119 92.44 7.56 0.00 100
2017 259 77.99 21.62 0.39 100
2018 132 71.21 28.03 0.76 100
2019 259 50.58 49.42 0.00 100
Rainy 2016 119 90.76 9.24 0.00 100
2017 259 81.47 18.15 0.39 100
2018 259 62.55 33.59 3.86 100
2019 12 41.67 58.33 0.00 100

The spatial distribution and pattern of fluoride
in the groundwater of Jakarta are presented in
Figures 2a—f, while mean concentration trend in
Figure 2h. The number of samples with high
fluoride concentrations is increasing per year, from
the dry season of 2016 to the dry season of 2019.
Generally, all of the increasing concentration is
mostly situated in the northern part of Jakarta,
while the eastern and middle parts are also slightly
affected. The northern part of Jakarta is located in
the coastal area and is associated with land

subsidence and tidal flooding. Northern Jakarta is
also associated with seawater intrusion, which can
also contribute to the enrichment factor of fluoride
occurrence in groundwater and needs further
evaluation. Not to mention that industrial and
harbor activity is dense in this location. Despite the
fact that the average is very low for almost all
samples, an interesting pattern has been observed
in the concentration average. The average fluoride
concentration for all seasons per year is increasing,
as we can see in Figure 2h.
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Figure 2. Mean fluoride

4. Discussion

Fluoride is abundant in the Earth's crust and is
thermodynamically mobile at higher temperatures
(Selinus, 2013). In terms of fluoride occurrence in
groundwater, climate is one of the important
controlling factors. Indonesia is a tropical country
with two seasons, i.e, a dry season (May to
October) and a wet season (November to April).
Since fluoride is mobile at high temperatures, the
differentiation between the dry and wet seasons in
Jakarta was discussed. During the dry season, the
average temperature of groundwater is 23.64 °C,
with an average fluoride concentration of 0.34

concentration trends.

mg/L. In the wet season, the average temperature
of groundwater is 23.82 °C, with an average
fluoride concentration of 0.39 mg/L. Thus, the
different seasons in Jakarta did not significantly
impact the average temperature of the
groundwater. The average temperature of
groundwater is nearly the same in both the dry and
wet seasons, with the wet season being slightly
warmer. Therefore, different seasons in Jakarta did
not have a significant impact on the average
temperature of groundwater concentration.

In terms of public health, fluoride concentration
deficiency in groundwater is the majority problem
in Jakarta. Consequently, the risk of deficiency
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leading to dental caries is significantly higher than
the excessive risk of fluoride causing fluorosis
disease. Furthermore, about 32% of the population
in Jakarta does not have access to clean water, and
only 68% have already received clean water from
the Jakarta Clean Water Company (PAM Jaya).

The Statistical Agency of Jakarta for 2018-2019
has reported that South Jakarta is one of the cities
that use a large amount of groundwater, with a
total of 4.3 million m* in 2018 and 3,7 million m3in
2019, or 53-56% of the groundwater usage in the
entire city. Groundwater usage in East Jakarta and
Central Jakarta is still high, at 17% and 13%,
respectively. The use of groundwater as the source
of domestic activities such as drinking water and
cooking can increase the potential for chronic
problems caused by fluoride occurrence in
groundwater. In these cases, the deficiency is likely
to be a significant concern and is more often found
in the southern part of Jakarta, according to spatial
distribution patterns. Conversely, the northern part
of Jakarta exhibits the high concentration of
fluoride in groundwater.

The deficiency of fluoride content in drinking
water from groundwater in Indonesia will lead to
negative impacts such as the development of
dental caries, the absence of enamel formation,
and bone fragility (Ayenew, 2008; Edmunds &
Smedley, 2013; Kumar et al.,, 2019). The prevalence
of dental caries, which remains high and has
become a significant issue for the entire nation,
may also indirectly correlate with the current
situation. The results of the 2018 Basic Health
Research study (adjusted to the year that
groundwater data was compiled) showed that the
prevalence of tooth decay in young children
remains extremely high, at approximately 93%
(Indonesian Agency of Health Research and
Development, 2018). Safe drinking water
development and fluoridation will be an option if
the dental caries problem is also present in Jakarta.

The result of this research is only to represent
the factual temporal data from 2016 to 2019; thus,
the updated situation may be changing nowadays
and needs to be investigated in future research.
However, from the four years of spatial-temporal
distribution, we can reveal that the average
fluoride concentration in groundwater in Jakarta is
increasing, especially in the northern part of
Jakarta, and low fluoride concentration is observed

in the southern part of Jakarta. This information
may be crucial for developing future policies aimed
at addressing the fluoride issue in drinking water
and improving overall water quality management.

5. Conclusions

Based on our findings, we conclude that the low
fluoride concentration (F < 0.5 mg/L) in Jakarta's
groundwater is a major concern. The majority of
the fluoride concentration in groundwater is below
the optimum limit to prevent dental caries. The
Jakarta case study may explain Indonesia's high
prevalence of dental caries. In general, dental
caries is prevalent in the southern part of Jakarta
and supported by the very low concentration of
fluoride in groundwater, which is below the
optimum limit needed for supporting dental
health.  Furthermore, the mean fluoride
concentration is consistently increasing in the
northern part of Jakarta and requires further
investigation for future public health concerns.
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