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ARTICLE INFO ABSTRACT

Received: 18 Dec 2024 Coastal regions in Malaysia face significant risks from saltwater intrusion, influenced by multiple

factors such as climate change, increasing sea levels, and human activities like agriculture,

industry, and urban development. A study was carried out to investigate saltwater intrusion at

Accepted: 28 Feb 2025 Pantai Punggur, Batu Pahat. A series of tests are conducted to determine the characteristics of
water using the Horiba Water Quality Monitor test. The parameters under consideration include
salinity (ppt), dissolved oxygen (DO) (mg/L), turbidity (NTU), total dissolved solids (TDS) (g/L),
and pH. Ten distinct sections were examined along the Pantai Punggur to assess the various
parameters. The findings reveal that the highest salinity levels in Pantai Punggur are found at
point sections 1 to 4, where saltwater intrusion is evident, exhibiting salinity values between 17.8
and 26.2 ppt. Consequently, saline water is observed at section points 5 to 10, where the
measurement approaches o ppt. In terms of dissolved oxygen, the results indicate that the
locations with the highest DO levels are points 8 and 9, with measurements ranging from 6.5 to
7.5 mg/L. The pH values at sampling points 1 to 6 are expected to be alkaline, falling within the
range of 7.3 to 7.84. The red zone in turbidity indicates the peak turbidity values, which range
from 60 to 80 NTU at point sections 8, 9, and 10. The maximum value for Total Dissolved Solids
(TDS) ranges from 18 to 25 between sampling point 1 and point 2. These findings enhance our
comprehension of the dynamics within coastal ecosystems. The study offers important findings
for upcoming agricultural methods in salt-affected regions, with the goal of enhancing crop yield
and informing stakeholders about the effects of saltwater intrusion on farming.
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INTRODUCTION

Saltwater intrusion has emerged as a significant challenge that coastal communities around the globe are facing [1].
As sea levels rise along the coast, saltwater may seep into the land. This causes sea level rise to submerge low-lying
areas, resulting in the loss of some activities near the coast. These pose a major threat to the sustainable development
of coastal areas as they directly impact the physical property, important coastal infrastructure including transport
network and utility infrastructure, production process, natural and cultural resources, and indirectly, impact the
ecosystem, economic activities, income, wealth, public health, safety, and overall social well-being of the coastal
community [2].

Saline water intrusion represents a significant challenge impacting surface water bodies in coastal regions worldwide
[3]. Coastal regions in Malaysia face significant challenges from saline water intrusion, influenced by various factors
such as climate change, rising sea levels, and human activities including agriculture, industrialisation, and
urbanisation [4]. Several studies have been carried out in Malaysia to evaluate the effects of saline water intrusion on
surface water bodies. Climate change influences the salinity levels of surface water bodies within the Klang River
Basin, Malaysia [5]. The investigation revealed a notable increase in the salinity of surface water bodies because of
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climate change, resulting in a deterioration of water quality and aquatic ecosystems. Saline water intrusion has the
potential to impact agricultural production in coastal areas [6].

Conversely, the harmful effects of high soil salinity on the soil ecosystem go beyond the chemical and physical
properties of the soil, adversely affecting plants, microbes, and various soil organisms [7]. This study focuses on the
impact on agricultural activities. This phenomenon arises from the intrusion of saline water, resulting in the decline
of various coastal plant species. Many crops face significant challenges when attempting to grow in environments
characterised by elevated salinisation levels in both soil and water. Saltwater intrusion into groundwater from coastal
areas or excessive irrigation leads to a gradual process of soil salinisation, making it unsuitable for agricultural
purposes [8]. Coastal low-lying areas present significant challenges in water resource management due to their dense
populations, intricate human activities, and heightened vulnerability to various threats, including saltwater intrusion.
A significant portion of agricultural land globally is in low-lying coastal regions that have undergone reclamation [9].
As a result, soil salinisation in low-lying coastal areas is anticipated to emerge as a critical global challenge in
safeguarding food security and advancing sustainable development [10].

According to the previous study, the rich biological ecosystem of Pantai Punggur relies on brackish water for various
purposes, including agriculture, aquaculture, and household needs [11]. Nonetheless, the area is susceptible to the
encroachment of saltwater due to both natural occurrences and anthropogenic influences. According to a prior
investigation by Rahman, the effects of saltwater intrusion reach beyond environmental issues to include socio-
economic ramifications, influencing the livelihoods of communities reliant on brackish water resources [12]. Saline
water encroaches upon freshwater sources, jeopardising agricultural output, the quality of drinking water, and the
health of aquatic ecosystems, thereby presenting a significant threat to human health and ecological balance. This
investigation focused on examining the physical and chemical characteristics of saltwater intrusion in brackish water
at Pantai Punggur, with the goal of proposing a mitigation strategy.

MATERIALS AND METHODS

The preliminary work involved on gathering data at the location by examining the salinity levels within the study
area. The parameters examined in this study included salinity, Dissolved Oxygen (DO), pH of the water sample,
turbidity, Total Dissolved Solids (TDS), and conductivity (EC).

Study Area

A location study was conducted at Pantai Punggur, Batu Pahat, situated at 1°41'18.5172' North and 103°5'56.9544'
East in Johor, to assess the distribution of saltwater intrusion in the region. Collecting water samples near the sea is
advisable to identify the source of saltwater intrusion. According to earlier investigations, the study area is identified
as a zone of saline water intrusion, distinguished by clay soil that impacts the groundwater in Batu Pahat, Johor [13].
Ten distinct sections have been established to assess the extent of saltwater intrusion in the region. The sample
collection took place in November 2023 during the Northeast Monsoon Season, spanning a distance of 0.45 km. The
point section was gathered in a specific location to determine the parts per thousand (ppt) of saltwater intrusion
units. The identification of saltwater intrusion sites involves the assessment of flooded areas through salinity testing
outcomes. Each point section collected will serve as a reference to determine the extent of saltwater intrusion within
the study area. Figure 1 illustrates the study area's location: (a) at Pantai Punggur and (b) the 10-point sections where
the water analysis was conducted.
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Fig. 1 Location of the study area (a) Pantai Punggur; (b) 10-point sections
Data Collection

This study involves the analysis of 10-point sections at Pantai Punggur to determine the extent of saltwater intrusion.
The point section underwent analysis using the Horiba monitor for water quality, as illustrated in Figure 2. The
Horiba water quality monitor is engineered to provide precise measurements of various water quality parameters,
allowing users to gather essential data for pollution control, ecosystem oversight, and environmental studies. This
instrument offers a comprehensive analysis of water's physical and chemical properties by measuring various
parameters, including temperature, dissolved oxygen, pH, and conductivity. Prior to commencing the water quality
monitoring process, the Horiba water quality monitor was carefully set up. The instrument was subjected to a
comprehensive examination to verify its cleanliness and overall condition. In order to avoid any potential cross-
contamination during measurements, the sensor probes underwent a meticulous rinsing process with clean water.
This step was crucial for ensuring the precision and dependability of the following readings. Devices equipped with
data logging features enabled seamless transfer of information to a computer or storage medium. This additional
phase facilitated an in-depth examination of the gathered data.

' J’—\

Fig. 2 Water quality meter for physical and chemical testing

Salinity of Water

The classification of salinity levels will be determined based on the values presented in Table 1. Salinity is defined as
the concentration of soluble salts in soils, with sodium chloride (NaCl) being the primary component. An essential
measure associated with soil salinity is electrical conductivity (EC), with elevated values indicating increased salinity
levels. The examination of saltwater intrusion into brackish water flow at Pantai Punggur indicates that salinity plays
a crucial role. The process of data collection facilitates the identification of salinity levels at each section by examining
the salinity values expressed in parts per thousand (ppt). The salinity measurements for this study have been
categorised according to the location of each point, beginning with the nearest point in the coastal area of Pantai
Punggur and continuing until the salinity reading reaches o ppt.
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Table 1 Water salinity [14]

Salinity Status Salinity (ppm) Salinity (ppt) Salinity (%)
Fresh water <1000 <1 0.1
Slightly saline water 1000 — 3000 1-3 0.1—0.3
Moderately saline water 3000 — 10000 3—10 0.3-1
Highly saline water 10000 — 35000 10 - 35 1—-3.5
Ocean water >35000 >35 >3.5

pH Level of Water Sample

The pH requirement for seawater ranges from 6.5 to 8.5, with a maximum deviation of 0.2 units from this typical
range. Aquatic species necessitate that the pH of their water environment remain within a defined range to ensure
optimal growth and survival. Nonetheless, testing the pH of water is crucial, as aquatic organisms can perish if the
pH levels are excessively high or low. The classification of the pH data will be based on the water pH level values, as
illustrated in Table 2. The optimal pH range for the majority of crops lies between 6 and 7.5. Soil pH refers to the
relationship between the availability of plant nutrients and the acidity or alkalinity of the soil [15]. Therefore,
assessing the pH of a water sample is crucial for understanding its appropriateness for plant growth and potential
agricultural yield.

Table 2 Water pH levels [16]

Type of water pH level
Tap water 7-5
Distilled reverse osmosis waters 5—7
Common bottled waters 6.5-7.5
Ocean water 8
Acid rain 5-5.5

Dissolved Oxygen (DO)

To thoroughly comprehend the chemical and physical properties of the water sample at Pantai Punggur, it is essential
to consider Dissolved Oxygen (DO) as a significant parameter. Concentrations of dissolved oxygen below 3 mg/L may
lead to plant stress, root suffocation, and an imbalance in microbial communities [17]. Dissolved oxygen is often
associated with soil aeration in discussions about soils, influencing various soil properties. Dissolved oxygen is crucial
for maintaining aerobic conditions in water samples, as salts can influence soil structure. Salinity influences the
permeability and porosity of soil, while dissolved oxygen content impacts the redox potential, subsequently affecting
microbial activity and nutrient cycling. Table 3 presents the ranges of dissolved oxygen as interpreted by the water
quality data [18]. Maintaining optimal dissolved oxygen levels (5—8 mg/L) in irrigation water is essential for ensuring
crop health, enhancing soil fertility, and promoting agricultural sustainability. Insufficient dissolved oxygen (DO)
levels lead to poor root development, microbial imbalances, and issues with waterlogging, while properly oxygenated
water facilitates nutrient uptake and supports robust plant growth. Efficient oversight of irrigation, aeration, and
drainage systems is crucial for sustaining dissolved oxygen levels and fostering sustainable and productive
agricultural practices. Consequently, analysing the dissolved oxygen levels in the soil can provide insights into the
overall health of the soil and its ability to support microbial activity and plant growth in saline-alkaline conditions.
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Table 3 DO level for water irrigation [18]

DO level (mg/L) Water Irrigation
<6 mg/L Ideal for all crops, promotes root respiration
4—-6 mg/L Acceptable for most crops, but aeration may be needed
<3 mg/L Unsuitable for many crops, risk of root stress and soil degradation

Turbidity and Total Dissolved Solid (TDS)

Increased turbidity levels in aquatic environments can influence the adjacent soil compositions. The presence of
turbid water at Pantai Punggur could potentially influence the brackish water in the area, especially if the turbidity is
caused by suspended sediment or particulate matter. The suspended particles can influence the permeability, texture,
and structure of water, potentially settling at the surface or becoming part of its matrix. It is crucial to keep turbidity
levels in irrigation water below 50 NTU to avoid system clogging, promote proper soil infiltration, and enhance crop
health. High turbidity levels surpassing 100 NTU could indicate sediment pollution, organic contamination, or
possible health hazards. Implementing effective filtration, managing sediment appropriately, and adopting optimal
irrigation practices are crucial for the sustainable use of water in agriculture. Therefore, considering the turbidity of
the brackish water may provide valuable insights into understanding potential interactions between water quality in
the study area, despite it not being a direct soil parameter.

Table 4 TDS level for agriculture water [19]

TDS level (mg/1 or ppm) Water Quality for Agriculture

<450 mg/L Excellent (Suitable for all crops)

450—2000 mg/L Acceptable (Tolerable for most crops)

2000-3000 mg/L Risky (Only salt-tolerant crops can survive)

>3000 mg/L Unsuitable (Causes soil degradation and salinity stress)

The presence of dissolved ions in saltwater significantly influences the Total Dissolved Solid (TDS) levels in brackish
water systems. The optimal TDS range for agricultural water is presented in Table 4. The relationship between the
salinity of the soil solution and the total dissolved solids in the soil is significant. Assessing TDS provides valuable
information regarding the levels of dissolved ions present in the soil water. Previous studies have indicated that
farmers can adjust their irrigation practices to prevent soil salinisation by effectively managing TDS levels [20].
Maintaining TDS levels below 1000 mg/L in irrigation water is crucial for promoting sustainable agricultural
practices. Elevated levels of total dissolved solids (TDS) lead to salt stress, degradation of soil quality, and reduced
efficiency in irrigation practices, ultimately resulting in negative effects on crop yields. Implementing efficient water
management, using soil amendments, and adopting appropriate irrigation strategies are essential for mitigating
salinity buildup and preventing soil degradation. Increased TDS levels can significantly influence overall soil fertility,
nutrient availability, and the structure of the soil. TDS analysis offers a comprehensive assessment of the soil's
chemical composition and its appropriateness for various land applications, such as vegetation or agriculture.

RESULTS AND DISCUSSION

Table 5 presents a summary of the data collection conducted at Pantai Punggur, Johor. This data collection aimed to
assess the water quality affected by saltwater inundation at Pantai Punggur.
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Table 5 Summary of salinity and pH data at Pantai Punggur

The salinity test was conducted on December 4, 2023. Figure 3 illustrates the findings of the salinity evaluation. The
data gathered at station 1 along the beach reveal a salinity level of 25.3 ppt. The observed value aligns with the
established characteristics of standard seawater, given that this location is recognised as a significant source of
saltwater. Measurements of salinity at stations 1 and 2, situated near the beaches, show an increase due to coastal
winds carrying saltier ocean water inland. The observed rise in tides during sample collection is noteworthy, as the
retreating tide facilitates the influx of saltwater from advancing coastal areas, resulting in elevated salinity levels. At
station 10, the recorded salinity measurement is 0.6, which closely approximates a value of 0. The water sample has
been identified as brackish water. Observations during sample intake reveal that the brackish water region displays

Salinity (ppt)

Fig. 3 Salinity-Distance from shoreline
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unique characteristics, such as a subtle brownish hue resulting from dissolved organic matter and algae. The observed
salinity values exhibit a decreasing trend from stations 5 to 10, attributed to the interplay between seawater and
freshwater contributions from rivers and estuaries, shaped by coastal currents and tidal dynamics. This elucidates
the occurrence where salinity diminishes as one moves further away from sources of saltwater.

8

116 150 190 210 264 360
Distance from shoreline interval (m)

Dissolved oxygen
(mg/ L)

Fig. 4 DO-Distance from shoreline

The data presented in figure 4 illustrates the concentrations of dissolved oxygen within aquatic systems alongside the
occurrence of saltwater intrusion. The concentration of dissolved oxygen at station 1 was the lowest compared to all
other stations. This occurrence transpired due to station 1 recording the highest salinity measurement. The water in
that area exhibited a higher concentration of salt relative to oxygen, a finding also addressed in research conducted
by the Environmental Protection Agency (EPA). Estuaries undergo a decline in dissolved oxygen concentrations with
rising salinity levels. This occurs due to the limited solubility of oxygen, resulting in the formation of distinct layers
of water [21]. Dissolved oxygen levels falling below 1 mg/L are inadequate for sustaining aquatic life, while
concentrations exceeding 3 mg/L pose a risk to prevalent aquatic species. As dissolved oxygen levels decrease due to
increasing salinity, the aquatic environment can rapidly become perilous for the organisms inhabiting it. Tracking
dissolved oxygen levels in aquatic environments is essential for the health and sustainability of marine ecosystems.
The maximum dissolved oxygen level recorded was at station 10, with a measurement of 7.23 mg/L. Nonetheless, the
salinity at this station is relatively low, recorded at only 0.6 ppt. This study has shown that as salinity increases, the
level of dissolved oxygen decreases.
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Fig. 5 The relationship between salinity and DO values

Figure 5 displays the relationship between salinity levels and dissolved oxygen concentrations in Pantai Punggur.
The blue line of best fit illustrates a positive correlation between the two variables, showing that dissolved oxygen
levels tend to decrease as salinity increases. The graph illustrates several blue dots, each representing unique data
points that highlight the relationship between salinity and dissolved oxygen levels. An observed positive correlation
suggests that increased levels of dissolved oxygen correspond with elevated salinity concentrations. In estuaries,
increased salinity correlates with lower dissolved oxygen levels, affecting aquatic organisms and the overall quality
of water [21]. The concentrations of dissolved oxygen and salinity levels significantly influence water quality
assessment, indicating that increasing salinity results in a substantial exponential decrease in dissolved oxygen levels
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[22]. This phenomenon arises from the 20% reduced concentration of dissolved oxygen in saltwater in comparison
to freshwater. Dissolved oxygen levels decline at the equator due to increased salinity and temperature conditions
[23]. Evaluating dissolved oxygen levels is crucial for understanding water quality, which plays a vital role in the
survival of fish and other aquatic organisms.

85 116 150 190 210 264 360

=
o

pH level
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Distance from shoreline interval (m)

Fig. 6 pH-Distance from shoreline

The pH values presented in figure 6 for all samples were obtained through measurements taken with the water quality
monitor in the laboratory setting. Saltwater intrusion can alter soil pH, leading to conditions that may become too
acidic or too alkaline, depending on the particular composition of salts [24]. The findings show that pH values vary
between 6 and 8 across stations 1 through 10. The data suggests that the aquatic organisms at the study site are able
to flourish without encountering any obstacles. A study conducted in the Mekong Delta, Vietnam, revealed that an
increase in soil salinity from o to 25% was associated with a decrease in soil pH, ranging from 5.14 to 5.72 and 4.08
to 5.14 [25]. The pH values observed at stations 7—10 are under 7, signifying an acidic classification. It is anticipated
that the station will include organic materials, such as leaves and plants, capable of decomposing in brackish water.
The procedure led to the liberation of acidic compounds, including humic and carbonic acids. The pH measurements
collected from stations 1 to 6 indicate an alkaline pH level. In certain areas, elevated salinity does not consistently
correlate with increased pH levels. This phenomenon occurs as ocean acidification resulting from CO2 absorption
can decrease pH levels, even in conditions of elevated salinity [26]. In estuaries, variations in pH arise from the
interaction between freshwater and seawater, the introduction of organic matter, and the exchange of CO2. This
investigation attributes the improved mixing and circulation in coastal waters to the effects of waves and tides. This
procedure facilitates the upkeep of a consistent pH level through exchange and water dilution processes.
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Fig. 7 Turbidity-Distance from shoreline
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Fig. 8 Water condition at station 10

Figure 7 illustrates the turbidity values. The location of the sample station impacted the data collected. Station 10
exhibited the highest turbidity, which can be linked to the water's interaction with the clay soil found in that area.
Figure 8 illustrates the state of the area at station 10. The rise in turbidity correlates with a decline in salinity, as the
river inputs freshwater and suspended sediments, resulting in reduced salinity levels. Elevated river discharges,
marked by reduced salinity, lead to heightened turbidity because of suspended sediments. During dry seasons
marked by heightened salinity, there may be a decrease in turbidity resulting from a reduction in sediment input [27].
The robust wind conditions observed during the sampling period had a significant impact on turbidity. Intense winds
can generate turbulence in shallow waters, resulting in the mixing of sediments from the riverbed and their
subsequent resuspension into the water column.
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Fig. 9 TDS-Distance from shoreline

Figure 9 illustrates the total dissolved solids measurement at Pantai Punggur. Stations 1 and 2 demonstrated the
highest TDS values, recorded at 24.2 and 25 g/L, respectively, due to their proximity to the nearest beach. The
phenomenon occurs due to elevated concentrations of salt particles in coastal water, resulting in an increased TDS
value at the shoreline. TDS consists of inorganic salts along with a minor quantity of organic matter. At the station's
water source, one can observe the presence of common inorganic salts, featuring cations such as calcium, magnesium,
potassium, and sodium, alongside anions including carbonates, nitrates, bicarbonates, chlorides, and sulphates.
Elevated total dissolved solids, often linked to increased salinity, affect water taste, corrosion potential, and the well-
being of aquatic organisms [28]. Salinity and TDS are crucial factors in assessing water quality, influencing potability,
corrosion, and the well-being of aquatic ecosystems. Elevated TDS levels can impede the survival of aquatic
organisms by obstructing light penetration in the water column. This subsequently influences photosynthesis and
the overall productivity of these organisms.

This outcome could support farmers in their efforts to enhance agricultural practices. Gathering water quality data
provides crucial understanding for sustainable agriculture, protecting crops, soil, and water resources. Regular
monitoring enables the prompt detection of problems, improves water utilisation efficiency, and supports ongoing
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agricultural productivity. Making informed decisions leads to better outcomes for both farmers and policymakers,
ultimately resulting in enhanced economic returns and the preservation of the environment.

CONCLUSION

In summary, the findings reveal that the maximum salinity was observed at point section 1, located nearest to the
beach, whereas point section 10 showed the minimum salinity value, being positioned further away from the saltwater
intrusion. The measurement at point Section 10, recorded as 0.6 ppt, is classified as brackish water. Brackish water
is characterized by a salinity level that exceeds that of freshwater but remains lower than that of seawater. This
particular water is frequently observed in estuaries, where the confluence of rivers and the sea occurs. Estuaries serve
as the dynamic interfaces where freshwater from rivers converges with saltwater. The pH value has a direct
correlation with the salinity level. With an increase in salinity, there will be a corresponding rise in the pH value. The
higher presence of salt compared to oxygen in the water reduces the concentration of dissolved oxygen in regions
with elevated salinity. Point section 1 exhibits a DO value of 4.85 mg/L, which is notably lower than the values
observed in point sections 5 to 10, where the measurements range from 5 to 7 mg/L. The main factor contributing to
the rise in pH with increasing salinity is the alkalinity associated with dissolved salts. The turbidity exhibits an
increase from section 8 to section 10, with values ranging from 68 to 83 NTU. The result suggests that the sample
introduced a suspended particle during the influx of freshwater in estuaries. An increase in salinity typically
correlates with a rise in total dissolved solids (TDS). These findings deepen our understanding of the interactions
within coastal ecosystems. This study provides valuable insights for future agricultural practices in saltwater regions,
aiming to improve crop productivity and educate stakeholders on the impacts of saltwater intrusion on agriculture.

RECOMMENDATION FOR FUTURE WORK

This study presents several recommendations for further exploration of saltwater intrusion in relation to brackish
water flow. A robust monitoring and early warning system is crucial for prompt interventions related to saltwater
intrusion. Previous studies have suggested using IoT-based sensors that operate in real time to monitor pH, dissolved
oxygen (DO), total dissolved solids (TDS), and salinity levels in irrigation systems [29]. The ongoing observation of
salinity levels, alongside weather data, offers essential insights for predicting and alleviating the effects of saltwater
intrusion. Through the assessment of agricultural methods that withstand climate change, we can address the
persistent impacts of rising sea levels and saltwater intrusion [30]. Effectively managing brackish water necessitates
the utilisation of geographic data to identify vulnerable regions, assess infiltration rates, and develop targeted
solutions. Implement and utilise comprehensive soil management strategies to mitigate the impacts of saltwater
intrusion on soil vitality. This process entails selecting suitable crops, incorporating soil nutrients, and implementing
irrigation techniques that are efficient under brackish water conditions.

Acknowledgement:

The research is supported by Universiti Tun Hussein Onn Malaysia (UTHM) vot grant Q609 and wishes thanks to
the Eco-Hytech Research Centre, Faculty of Civil Engineering and Built Environment, for support and guidance.

REFERENCES

[1] Basack S., Loganathan M. K., Goswami G., Baruah P., & Alam R. (2022). Review of Risk Assessment and
Mitigation Measures of Coastal Aquifers Vulnerable to Saline Water Intrusion. Pol. J. Environ. Stud. Vol. 31,
No. 2 2022. 1505-1512. https://doi.org/10.15244/pjoes/142382

[2] Sofia E., Rawshan A. B., Nor G. M. N. & Khairul N. A. M. (2018). Current and potential impacts of sea level rise
in the coastal areas of Malaysia. IOP Conf. Series: Earth and Environmental, Science 228 2019 012023.
https://doi.org/10.1088/1755-1315/228/1/012023

[3] ChiZ., Qiuhong T., Deliang C., Ruud J. E., Xingcai L., Wenhong L., & Gebremedhin G. H. (2019). Moisture
Source Changes Contributed to Different Precipitation Changes over the Northern and Southern Tibetan
Plateau. https://doi.org/10.1175/JHM-D-18-0094.1

[4] Abdullah, N. R., Alias, A. B., & Ahmad, M. S. (2016). Saline water intrusion in surface water resources and its
management: A review. Water, 8(11), 517. https://doi.org/10.3390/w8110517

[5] Mohd,N. A., Jahan, M. S., & Daud, M. S. (2018). Assessment of the Impact of Climate Change on Surface Water
Salinity in the Klang River

649
Copyright © 2024 by Author/s and Licensed by JISEM. This is an open access article distributed under the Creative Commons Attribution License which
permitsunrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



Journal of Information Systems Engineering and Management

2025, 10(34s)
e-ISSN: 2468-4376
https://www.jisem-journal.com/ Research Article

[6]
[7]

[8]

[9]

[10]

[11]
[12]

[13]

[14]
[15]

[16]
[17]

[18]
[19]

[20]
[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]
[29]

[30]

Ayoob, A. L., Nijamir, K., & Ibra, L. M. Z. (2019). GIS-Based Mapping on Salt Water Intrusion into Agricultural
Land: A Case Study in Nintavur Grama Niladhari Division (GND)-, Sri Lanka.

Sahab S., Suhani L., Srivastava V., Chauhan P. S., Singh R. P., & Prasad V. (2020). Potential risk assessment of
soil salinity to agroecosystem sustainability: current status and management strategies. Sci. Total Environ. 764,
144164. https://doi.org/10.1016/j.scitotenv.2020.144164

Werner, A. D., Bakker, M., Post, V. E., Vandenbohede, A., Lu, C., Ataie-Ashtiani, B., & Barry, D. A. (2013).
Seawater intrusion processes, investigation and management: recent advances and future challenges. Advances
in Water Resources, 51, 3-26. https://doi.org/10.1016/j.advwatres.2012.03.004

Gould I., Wright I., Collison M., Ruto E., Bosworth G., & Pearson S. (2020). The impact of coastal flooding on
agriculture: A case-study of Lincolnshire, United Kingdom. Land Degradation & Development 31, 1545—1559.
https://doi.org/10.1002/1dr.3551

Kirezci E., Young I. R., Ranasinghe R., Muis S., Nicholls R. J., Lincke D., & Hinkel J. (2020). Projections of
global-scale extreme sea levels and resulting episodic coastal flooding over the 21st Century. Scientific Reports
10, 1—12. https://doi.org/10.1038/s41598-020-67736-6

Smith, D. M., et al. (2019). Global sea-level rise: A review and an update. Oceanography, 32(3), 10-21.
Rahman, M. M., et al. (2017). Climate Change Impacts and Adaptation in Water Resources and Water Use
Sectors: Case studies from South Asia.

Nor Suhaila Ismail & Sabariah Musa (2023). Preliminary study on saltwater distribution of lowland area at
West Coast, Johor Malaysia. IOP Conference Series Earth and Environmental Science 1205(1):012016.
https://doi.org/10.1088/1755-1315/1205/1/012016

Water Science School (2018). Saline Water and Salinity. USGS Science for Changing World.
https://www.usgs.gov/special-topics/water-science-school/science/saline-water-and-salinity #overview

U.S. Department of Agriculture, Natural Resources Conservation Service. (2024). National soil survey
handbook, title 430-VI. https://directives.sc.egov.usda.gov

Natalie Butler, RD, LD, Erica Cirino, Tracey Crate (2019). What pH Should My Drinking Water Be?

Pratt, P. F. (2001). Irrigation water quality and soil sustainability: A review. Agricultural Water Management,
50(1), 1-15. DOI: 10.1016/S0378-3774(01)00135-2

EPA (2021). Dissolved Oxygen and Water Quality. U.S. Environmental Protection Agency.

Ayers, R. S., & Westcot, D. W. (1994). Water Quality for Agriculture. FAO Irrigation and Drainage Paper 29
Rev. 1. https://www.fao.org/4/To234E/T0234E00.htm

Shahid, S. A., Zaman, M., & Heng, L. (2018). Soil salinity: Development, mitigation, and adaptation techniques.
Springer. https://doi.org/10.1007/978-3-319-96190-3

Ishaq, M. & Khan, M. (2022). Relationship of salinity, temperature, pH, and dissolved oxygen in estuarine
environments. Water Practice and Technology, 17(12), 2654—2669. https://doi.org/10.2166/wpt.2022.2654
Zheng, Q., Zhao, H., Shi, Y., & Duan, M. (2023). Distribution Characteristics of Dissolved Oxygen in Spring in
the Northern Coastal Beibu Gulf, a Typical Subtropical Bay. Water, 15(5), 970. https://doi.org/10.3390/
W15050970

Zhi, W., Ouyang, W., Shen, C., & Li, L. (2023). Temperature outweighs light and flow as the predominant driver
of dissolved oxygen in U.S. rivers. Nature Water, 1(1), 249—260. https://doi.org/10.1038/s44221-023-00038-
z

Mavi, K., Singh, P., Bhardwaj, R., & Shukla, P. (2021). Soil salinity management and crop improvement:
emerging trends and strategies. Frontiers in Plant Science, 12, 673312. https://doi.org/10.3389/fpls.2021.
673312

Van Tan, L., & Thanh, T. (2021). The effects of salinity on changes in characteristics of soils collected in a saline
region of the Mekong Delta, Vietnam. Open Chemistry, 19(1),471—480. https://doi.org/10.1515/chem-2021-
0037

Breitburg, D., et al. (2018). Declining oxygen in the global ocean and coastal waters. Science, 359(6371), 46-50.
https://doi.org/10.1126/science.aam7240

Gong, W., et al. (2020). Salinity, turbidity, and sediment dynamics in tidal estuaries: A case study in the
Yangtze River Estuary. Journal of Geophysical Research: Oceans, 125(5), e2019JC015899. https://doi.org/10.
1029/2019JC015899

Sillanpad, M., et al. (2018). Dissolved solids in drinking water sources: A review. Science of The Total
Environment, 642, 1257-1265. https://doi.org/10.1016/j.scitotenv.2018.06.087

Zhang, C., Li, H., & Liu, G. (2021). IoT-based real-time monitoring system for agricultural water quality
assessment. Environmental Science and Pollution Research, 28(24), 30923-30935.

IPCC (2022). Climate Change 2022: Impacts, Adaptation, and Vulnerability. Intergovernmental Panel on
Climate Change. https://www.ipcc.ch/report/ar6/wg2/

650

Copyright © 2024 by Author/s and Licensed by JISEM. This is an open access article distributed under the Creative Commons Attribution License which

permitsunrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



