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Abstract: Groundwater that is used excessively in coastal areas will have an impact on
the entry of salt water into groundwater so that groundwater becomes salty, a process
called seawater intrusion. This study aims to determine the spatial distribution of
seawater intrusion on the north coast of Aceh Besar. The method used in this study is a
random and purposive sampling method on resident well water and surface water in
both high and low tide conditions. The collected data was visualized using ArcGIS in
the form of a spatial map. The results of the study show that the north coast of Aceh
Besar in the eastern part has experienced seawater intrusion, while in the west it has the
potential for seawater intrusion. Meanwhile, the salinity level for well water used daily
is brackish, so it cannot be used for drinking water and other hygiene needs. The result
of the correlation test between salinity and distance shows that salinity is not influenced
by distance with a value of 4.17%. However, it is influenced by other factors such as
land subsidence due to aquaculture activities and the nature of the rocks that make up
the aquifer with a value of 95.83%.

Keywords: seawater intrusion; spatial distribution; brackish aquiver; surface water;
well water

Abstrak: Air tanah yang dimanfaatkan secara berlebihan di daerah pesisir akan
berdampak pada masuknya air asin ke dalam air tanah sehingga air tanah menjadi asin
yang disebut dengan intrusi air laut. Penelitian ini bertujuan untuk mengetahui sebaran
spasial intrusi air laut di pantai utara Aceh Besar. Metode yang digunakan dalam
penelitian ini adalah metode random dan purposive sampling pada air sumur penduduk
dan air permukaan baik pada kondisi pasang maupun surut. Data yang terkumpul
divisualisasikan menggunakan ArcGIS dalam bentuk peta spasial. Hasil kajian
menunjukkan bahwa pantai utara Aceh Besar di bagian timur telah mengalami intrusi
air laut, sedangkan di bagian barat berpotensi terjadi intrusi air laut. Sementara tingkat
salinitas untuk air sumur yang digunakan sehari-hari adalah payau sehingga tidak dapat
digunakan untuk air minum dan kebutuhan kebersihan lainnya. Hasil uji korelasi antara
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salinitas dan jarak menunjukkan bahwa salinitas tidak dipengaruhi oleh jarak dengan
nilai 4,17%, namun dipengaruhi oleh faktor lain seperti penurunan muka tanah akibat
kegiatan budidaya dan sifat batuan penyusun akuifer dengan nilai 95,83%.

Kata kunci: intrusi air laut; distribusi spasial; akuifer payau; permukaan air; air sumur
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Introduction

The north coast of Aceh Besar is an area where many people use
groundwater because of the difficulty of obtaining fresh water. With these
conditions, people have to use groundwater to meet their daily lives. It is very
possible that groundwater or well water close to the coastal area mixes with sea
water or is intruded by seawater (Yuwandari et al. 2020; Irham et al. 2021a).
Excessive groundwater extraction in coastal areas can make the space between
grains in the aquifer layer a storage medium to be filled by salt water in the soil
(Herlambang & Indriatmoko 2018; Lopez-Alvis et al. 2019).

Groundwater will be a problem if it is overexploited, especially if the
exploited area is close to the sea. As a result, seawater will enter the pores of the
rock, thus affecting the condition of groundwater (Irham, et al. 2021; Rusdi et al.
2021). The space below between the rocks is a gap for seawater to enter the
aquifer which causes seawater intrusion in coastal areas (Rahmadani & Juliani
2019). Differences in groundwater level and sea level will also cause seawater to
seep into the soil pores and pollute groundwater so that groundwater becomes
brackish and even salty (Smrzka et al. 2019; Stein et al. 2020). The infiltration of
salt water into groundwater is caused by continuous groundwater extraction,
generating a decrease in the groundwater level (Sun et al. 2018; Sefati et al. 2019).
Naturally, groundwater that is on land will flow into the sea through coastal
aquifers that are connected to the sea. However, the condition experienced by
coastal areas is that seawater enters groundwater through aquifers in the lower
layers which turn the water into brackish due to the high influence of salinity
(Cheng et al. 2021). As a result, groundwater cannot be directly used in daily life,
such as for drinking, bathing, washing and others (Aladejana et al. 2021). The
impact of seawater intrusion is to remove soil fertility elements from the subgrade
to become salty. Other impacts are health, soil fertility and damage to buildings
(Hussain et al. 2019). The impact of intrusion in terms of environmental aspects
has the potential to change the chemical, biological, and physical properties and
content of groundwater (Cahyadi et al. 2017).

Several studies examining seawater intrusion have been conducted by
(Cahyadi et al. 2017) regarding seawater intrusion on Pramuka Coral Island which
has an impact on the difficulty in obtaining decent (not salty) water because the
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pores occupied by freshwater have mixed with seawater due to excessive use of
groundwater (Akshitha et al. 2021). The study of seawater intrusion by (Nirmala
et al. 2020) in the city of Semarang concluded that the quality of fresh water is
decreasing because the mineral salt content has replaced the content of decent
groundwater. Research on seawater intrusion into groundwater in East Surabaya
concluded that more than 50% of the area has experienced seawater intrusion
which has an impact on declining water quality (Wardhana et al. 2017).
Furthermore, the seawater that pollutes groundwater cannot be reused by the
community because the east coast area in Surabaya City has a high level of
seawater intrusion (Herdyansah & Rahmawati 2017). From the two studies, it can
be said that the impact of seawater intrusion is felt by the community the most
because it is used to meet daily needs which are not suitable for consumption
(Kete et al. 2020).

One of the parameters used to detect groundwater intrusion is to measure
salinity or salt content. Besides the salinity parameter which is the main point of
this study, other parameters such as temperature and pH were also recorded to
determine the environmental properties of the sampling. Justification regarding
the presence or absence of seawater intrusion in this area needs to be proven with
accurate data. Therefore, this research is important as basic information must be
known by the community, especially the northern coastal community of Aceh
Besar. The study aims to determine the spatial distribution of seawater intrusion
that occurred on the northern coast of Aceh Besar.

Method
Place and Time

This research was conducted from November 2020 to March 2021, located
on the north coast of Aceh Besar (Figure 1). A sampling of resident wells,
groundwater and water body was carried out in two stages, namely at high tide
and at low tide. Water sample analysis was carried out at the Marine Chemistry
Laboratory, Faculty of Marine and Fisheries, Syiah Kuala University.
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Figure 1. Location of the research map.
Procedure
Determination of Research Location
Determination of the location of water sampling used a random sampling
method by looking at the characteristics of the sampling area. It is a way to select
a sample from the population at simple random so that each member of the
population has an equal chance of being taken as a sample.

Research Sampling

Sampling was done by purposive random sampling method. The number of
samples taken was 30 sampling points along the location with 3 repetitions.
Sampling also refers to the tidal and ebb conditions in the sampling area. Tidal
data was obtained on the web of http://tides.big.go.id/pasut/index.html (BMKG
2020).

Sample Analysis

Water samples were analyzed using a salinity refractometer 0 - 10% ATC.
In addition, data collection was also carried out on the distance between point to
point and the coastline using Global Positioning System (GPS). Then the
temperature and pH data were taken using a temperature and pocket pH meter
EW-35423-01 indicator as a supporting parameter. The results of the next analysis
are used to see the extent to which salt water enters the study area. Software used
to process research data using ArcGIS.

Result and Discussion
Water Quality

The results of the research on water quality in the case of seawater intrusion
are based on three parameters: temperature, water acidity (pH) and salinity. The
following are the results of the water quality analysis and presented discussion.
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Temperature

The results of the temperature analysis are shown in Figure 2 which is the
result of the distribution of surface water and the temperature of resident wells in
the study area. The temperature at each station is different with temperature values
ranging from 28-35. The highest temperature was obtained at station 6 and the
lowest temperature of 28°C was at station 27. The difference in temperature
values in the water samples at each station was due to the environment and time
of sampling that was not carried out in the same period.
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Figure 2. Map of average temperature (°C) distribution

Generally, low temperatures of surface water and well water are located in
residential areas with dense vegetation (land cover). These areas are relatively
populated areas and the penetration of sunlight is reduced by the obstruction of
trees and houses. Meanwhile, areas with high temperatures are open land areas
and are not residential areas. These areas are aquaculture extents or fisheries
cultivation areas.

pH

The degree of acidity (pH) is a good indicator of acid-base waters (Hamuna
et al., 2018). Based on a map of the distribution of pH on the north coast of Ache
Besar, the pH ranges from 6.4 to 8.1 in both high and low tide conditions. This pH
value indicates that surface water and well water on the north coast of Aceh Besar
are still relatively good. However, at some points, the pH value exceeds 7.79
which exceeds the drinking water quality standard value of 6.8 - 7.7 (Figure 3).
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(Qudus & Setyowati 2010) explained that the pH value above the drinking water
quality standard could not be used because it had been intruded by seawater.
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Figure 3. Map of average pH distribution

The results of the pH analysis of water are generally neutral to alkaline. On
the north coast of Aceh Besar, which is partly an open area, gets a lot of heat
intensity from the sun, therefore the surface temperature will rise. When the
surface temperature of the water rises, the solubility of carbon dioxide will
decrease so that the pH will increase and the water will become alkaline. Next, the
factors that affect pH are carbonate and bicarbonate ions which are classified as
bases. If the water has a high enough concentration of carbonate and bicarbonate
ions, the pH will certainly change. From the initial neutral, the water will turn
alkaline. In addition, there is not much decomposition of organic matter and the
process of dissolving CO, does not occur so the acidity of the water does not exist
in the study area.

Salinity and Sea Water Intrusion
The results of salinity analysis in high and low tide conditions are shown in

Figures 4 and 5. For well water, the overall salinity at the study site ranges from
0.67 - 9, this indicates that the sample belongs to the category of brackish water,
while groundwater and surface water ranges from 3 - 35 which are categorized as
brackish water to salt water (Ayoub et al. 2019). The results of the distribution of
salinity show that at high tide the salinity value is very low in the west and high
salinity value in the east. These values indicate that the eastern part of the north
coast of Aceh Besar has been intruded by seawater compared to the western side.
Even so, the potential for seawater intrusion in the western part is very possible
due to the presence of salinity values above the permissible threshold (below 0.05)
according to the national standard of Ministerial Regulation No. 32 of 2017 for
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decent water. At some points, there is a distribution of groundwater with different
salinities in the brackish and salty groundwater groups. This is caused by the
composition of the sediment in the form of muddy sand sediment which is an
alluvial deposit with generally low permeability and flat topography of the land
surface, making it very susceptible to seawater intrusion. (Herlambang &
Indriatmoko 2018; Irham et al. 2021a) who said that the differences in rock
systems that make up the aquifer are the cause of differences in the level of
salinity of groundwater.
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Figure 4. Map of salinity distribution during low tide condition

Overall well water, surface water and groundwater on the north coast of
Aceh Besar have been contaminated with seawater at the stage of crew intrusion
on the west side and large on the east side of the study area. One of the causes of
high seawater intrusion is aquaculture in coastal areas and excessive use of
groundwater for both the daily needs of the population and for aquaculture. The
creation of shrimp and fish ponds provides a great opportunity for the entry of
seawater deep into the mainland caused by the traditional water drainage pattern
that is not environmentally standard (Aurilia & Saputra 2020). Judging from the
soil texture in the study area which has the characteristics of a flat and sandy
beach. Such beaches are porous or have pores between rocks in large numbers so
that they have a high ability to absorb and pass seawater into the ground, causing
the mixing of groundwater with seawater (Santosa 2021).
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Figure 5. Map of salinity distribution during high tide condition

The Relationship between Salinity and Coastal Distance

The difference in salinity and distance from the shoreline to the land can be
seen on the salinity distribution map (Figures 4 and 5) where the highest salinity is
at station 3 which has a distance of 530 m from the shoreline with a salinity value
of 9, while the lowest salinity is at station 16 which has a distance of 430 m from
the shoreline with a salinity value of 0.67. These two stations have a distance
difference of 100 m but the difference in salinity values is very large. Stations that
are closer to the shoreline have a smaller salinity value than stations that are
farther away from the shoreline.

Therefore, the relationship between the distance from the shoreline to the
land with the salinity value of the water is carried out by analyzing the strength
and weakness of the relationship between the two variables using simple linear
regression analysis. The results of the analysis of the relationship between
distance and salinity levels in the well can be seen in Figure 6.

Figure 6 shows that there is a negative slope trend between distance and
salinity which indicates that the farther the distance between the well and surface
water from the shoreline will make the salinity value lower. However, the
correlation value between distance and salinity has a very low correlation with a
determinant value (R?) of 0.0417. This value of 4.17% indicates that salinity is not
strongly influenced by the distance from the shoreline to the land. It can be said
that 95.83% of salinity in the study area is influenced by other factors.
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Figure 6. The graph of the relationship between salinity and the distance of the water
sample from the shoreline

Conclusion

The results of the study concluded that based on the salinity value of the
sample of water bodies, surface water and well water were classified as brackish,
this indicates that the water in the area has been intruded by seawater. The results
also inform that the average distance of seawater intrusion on the north coast of
Aceh Besar from the coastline to the mainland is more than 500 m. Based on the
correlation test between salinity and distance, a correlation value of 0.204 is
obtained which has a low correlation between the two variables. Meanwhile, the
determination value states that only 4.17% of salinity is influenced by distance
and 95.83% is influenced by other factors. The factor causing this intrusion itself
is due to human activities related to the manufacture of shrimp and fish ponds,
land subsidence and the shape of the rocks that make up the aquifer.

Acknowledgment

The authors gratefully acknowledge Pusat Penelitian dan Pengabdian
Kepada Masyarakat (LPPM) Universitas Syiah Kuala for their financial support in
the Research Scheme for Professorship Candidates with the contract number of
55/UN11.2.1/PT.01.03/PNBP/2021.

References

Akshitha, V., Balakrishna, K., & Udayashankar, H.N. (2021). Assessment of
hydrogeochemical characteristics and saltwater intrusion in selected coastal
aquifers of southwestern India. Marine Pollution Bulletin 173:112989.
https://doi.org/10.1016/j.marpolbul.2021.112989

Aladejana, J. A., Kalin, R. M., Sentenac, P., & Hassan, I. (2021). Groundwater
quality index as a hydrochemical tool for monitoring saltwater intrusion
into coastal freshwater aquifer of Eastern Dahomey Basin, Southwestern

Elkawnie: Journal of Islamic Science and Technology Vol. 8, No. 1, June 2022
(www.jurnal.ar-raniry.ac.id/index.php/elkawnie)

DOI: 10.22373/ekw.v8i1.10476 | 50



Muhammad Irham, Ilhamsyah Putra, Irwansyah Irwansyah, Ichsan Setiawan, & Ichsan
Rusdi : The Assessment of Seawater Intrusion on The North Coast of Aceh Besar:
A Surface Water And Well Water Study

Nigeria. Groundwater for Sustainable Development 13:100568.
https://doi.org/10.1016/j.9sd.2021.100568

Aurilia, M, F., & Saputra, D. R. (2020). Analisis fungsi ekologis mangrove
sebagai pencegahan pencemaran air tanah dangkal akibat intrusi air laut.
Jurnal Pengelolaan Lingkungan Berkelanjutan (Journal of Environmental
Sustainability Management) 1424437,
https://doi.org/10.36813/jplb.4.1.424-437

Ayoub, G, M., Korban, L., Al-Hindi, M., & Zayyat, R. (2019). Brackish Water
Desalination: An Effective Pretreatment Process for Reverse Osmosis
Systems. Water, Air, & Soil Pollution 230(10):238.
https://doi.org/10.1007/s11270-019-4299-2

BMKG. (2020). Online Tidal Prediktion. In: Pusat Jaringan Kontrol Geodesi dan
Geodinamika. http://tides.big.go.id/pasut/index.html

Cahyadi, A., Adji, T. N., Marfai, M. A., Noviandaru, S., & Agniy R, F. (2017).
Analisis Dampak Intrusi Air Laut Terhadap Airtanah di Pulau Koral
Pramuka, DKI Jakarta. Majalah Geografi Indonesia 31(2):61.
https://doi.org/10.22146/mgi.23725

Cheng, K., Xu, X,, Cui, L., Li, Y., Zheng, J., Wu, W., Sun, J., & Pan, G. (2021).
The role of soils in regulation of freshwater and coastal water quality.
Philosophical Transactions of the Royal Society B: Biological Sciences
376(1834):20200176. https://doi.org/10.1098/rsth.2020.0176

Herdyansah, A., & Rahmawati, D. (2017). Dampak Intrusi Air Laut pada
Kawasan Pesisir Surabaya Timur. Jurnal Teknik ITS 6(2):C253-C257.
https://doi.org/10.12962/j23373539.v6i2.25863

Herlambang, A., & Indriatmoko, R. H. (2018). Pengelolaan Air Tanah Dan Intrusi
Air Laut. Jurnal Air Indonesia 1(2). https://doi.org/10.29122/jai.v1i2.2348

Hussain, M. S., Abd-Elhamid, H. F., Javadi, A. A., & Sherif, M. M. (2019).
Management of Seawater Intrusion in Coastal Aquifers: A Review. Water
11(12):2467. https://doi.org/10.3390/w11122467

Irham, M., Irpan, M., Sartika, D., Nugraha, G. S., & Dharma, D. B. (2021a).
Geochemistry analysis of groundwater quality: A case study of the Jeunib
basin. Rasayan Journal of Chemistry 14(4):1-16

Irham, M., Rusydi, I., Haridhi, H. A., Setiawan, I., Ilhamsyah, Y., Deli, A., Rusdi,
M., & Siregar, A. M. (2021b). Coastal Vulnerability of the West Coast of
Aceh Besar: A Coastal Morphology Assessment. Journal of Marine
Science and Engineering 9(8):815. https://doi.org/10.3390/jmse9080815

Kete, S. C. R., Suprihatin, S., Tarigan, S. D., & Effendi, H. (2020). Identifikasi
dan Sebaran Intrusi Air Laut terhadap Airtanah Dangkal di Kota Kendari
Sulawesi Tenggara. Jurnal Teknologi Lingkungan 21(2):174-182.
https://doi.org/10.29122/jtl.v21i2.3808

Lopez-Alvis, J., Carrera-Hernandez, J. J., Levresse, G., & Nieto-Samaniego, A. F.
(2019). Assessment of groundwater depletion caused by excessive

Elkawnie: Journal of Islamic Science and Technology Vol. 8, No. 1, June 2022
(www.jurnal.ar-raniry.ac.id/index.php/elkawnie)

DOI: 10.22373/ekw.v8i1.10476 | 51



Muhammad Irham, Ilhamsyah Putra, Irwansyah Irwansyah, Ichsan Setiawan, & Ichsan
Rusdi : The Assessment of Seawater Intrusion on The North Coast of Aceh Besar:
A Surface Water And Well Water Study

extraction through groundwater flow modeling: the Celaya aquifer in
central  Mexico.  Environmental  Earth  Sciences  78(15):482.
https://doi.org/10.1007/s12665-019-8497-4

Nirmala, F., Widiarso, D. A., Muslim, D., & Suganda, B. R. (2020). Pengaruh Air
Laut Terhadap Karakteristik Sedimen di Daerah Tambakharjo, Semarang
Barat. Jurnal Geologi Kelautan 18(1).
https://doi.org/10.32693/jgk.18.1.2020.647

Qudus, N., & Setyowati, D. L. (2010). Model Spasial Ketersediaan Air Tanah dan
Intrusi Air Laut untuk Penentuan Zone Konservasi Air Tanah. Sainteknol:
Jurnal Sains dan Teknologi 8(2):87-95.
https://doi.org/https://doi.org/10.15294/sainteknol.v8i2.326

Rahmadani, N., & Juliani, R. (2019). Penentuan Tingkat Intrusi Air Laut
Menggunakan Metode Geolistrik Resistivitas Konfigurasi Wenner
Schlumberger Dan Konduktivitimeter Di Daerah Situs Kota Cina.
EINSTEIN (e-Journal) 7(3):37-46.
https://doi.org/https://doi.org/10.24114/einstein.v7i3.15167

Rusdi, M., Irham, M., Sugianto, S., Roosli, R. S., Ahamad, M. S., & Haditiar, Y.
(2021). Settlement suitability mapping based on the salinity index in the
Banda Aceh City. Depik 10(1):35-40.
https://doi.org/10.13170/depik.10.1.18413

Santosa, R. R. B. (2021). Sebaran Spasial Intrusi Air Laut di Wilayah Pesisir
Teluk Banten dan Alternatif Upaya Pengendaliannya. Jurnal Perikanan
dan Kelautan 11(1):1. https://doi.org/10.33512/jpk.v11i1.10822

Sefati, Z., Khalilimoghadam, B., & Nadian, H. (2019). Assessing urban soil
quality by improving the method for soil environmental quality evaluation
in a saline groundwater area of Iran. CATENA 173:471-480.
https://doi.org/10.1016/j.catena.2018.10.040

Smrzka, D., Zwicker, J., Bach, W., Feng, D., Himmler, T., Chen, D., & Peckmann,
J. (2019). The behavior of trace elements in seawater, sedimentary pore
water, and their incorporation into carbonate minerals: a review. Facies
65(4):41. https://doi.org/10.1007/s10347-019-0581-4

Stein, S., Sola, F., Yechieli, Y., Shalev, E., Sivan, O., Kasher, R., & Vallejos, A.
(2020). The effects of long-term saline groundwater pumping for
desalination on the fresh—saline water interface: Field observations and
numerical modeling. Science of The Total Environment 732:139249.
https://doi.org/10.1016/j.scitotenv.2020.139249

Sun, J., He, F., Zhang, Z., Shao, H., Pan, Y., Yang, R., Li, W., Li, P., &Zheng, M.
(2018). Analysis of saline groundwater infiltration into two loam soils.
Land Degradation & Development 29(10):3795-3802.
https://doi.org/10.1002/1dr.3089

Wardhana, R. R., Warnana, D. D., & Widodo, A. (2017). Identifikasi Intrusi Air
Laut Pada Air Tanah Menggunakan Metode Resistivitas 2D Studi Kasus

Elkawnie: Journal of Islamic Science and Technology Vol. 8, No. 1, June 2022
(www.jurnal.ar-raniry.ac.id/index.php/elkawnie)

DOI: 10.22373/ekw.v8i1.10476 | 52



Muhammad Irham, Ilhamsyah Putra, Irwansyah Irwansyah, Ichsan Setiawan, & Ichsan
Rusdi : The Assessment of Seawater Intrusion on The North Coast of Aceh Besar:
A Surface Water And Well Water Study

Surabaya Timur. Jurnal Geosaintek 3(1):17.
https://doi.org/10.12962/j25023659.v3i1.2946

Yuwandari, M., Iskandarsyah, T. Y. W. M, Barkah, M. N, Setiawan, T., &
Nababan, J. R. S. (2020). Zonasi Intrusi Air Laut pada Sistem Akuifer
Tertekan Atas (40 — 140 mbmt) di Bagian Utara Cekungan Air Tanah
Jakarta.  Jurnal  Lingkungan dan Bencana Geologi 11(2).
https://doi.org/10.34126/jlbg.v11i2.310

Elkawnie: Journal of Islamic Science and Technology Vol. 8, No. 1, June 2022
(www.jurnal.ar-raniry.ac.id/index.php/elkawnie)

DOI: 10.22373/ekw.v8i1.10476 | 53



