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ARTICLE INFO ABSTRACT

Article History: Kampung Mandar is a village in Banyuwangi Regency that was labeled
Received: Feb. 18, 2025  the most slum-like village in 2017. This designation was largely due to a smelly
Accepted: May 7, 2025 and polluted river, which significantly affected water quality. The purpose of
Online: May 8, 2025 this study was to analyze the water quality based on physical and chemical
parameters. In situ measurements included salinity, pH, and temperature, while

ex situ measurements included nitrite, nitrate, and orthophosphate levels. The
youth of Kampung Mandar, in collaboration with the local government
(Supertim), initiated efforts to clean the polluted river and transform the
village’s image from slum to clean. In recognition of these efforts, the
Banyuwangi government supported the community by organizing a fish market
festival in 2018 and 2019. Today, the cleanliness and beauty of Kampung
Mandar have made it an attractive destination for culinary, cultural, and
mangrove tourism. Salinity, pH, and temperature at three sampling points
generally met river or marine water quality standards. However, nitrite, nitrate,
and orthophosphate concentrations were often above acceptable limits. This is
likely due to the river’s proximity to densely populated areas, where improper
household waste disposal contributes to pollution. Despite this, positive
behavioral changes among residents have had a favorable impact on the river,
which is no longer dirty or smelly—improving the aesthetic and environmental
value of Kampung Mandar as a tourist destination. High water quality greatly
enhances the tourist experience and supports the sustainability of tourism.
Waters that are clear, ecologically balanced, and free of pollutants offer visual
appeal and ensure the safety and comfort of visitors during recreational
activities.
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INTRODUCTION
Marine tourism activities are very beneficial in improving the economy of

communities around coastal areas (Lestari et al., 2021). Aesthetic value in a water area
refers to the beauty perceived by humans when they are in or near a body of water. This
aesthetic value is influenced by the water quality status as well as environmental
attributes or supporting elements in the surrounding area. These attributes are often
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affected by effluents, such as waste entering the water, which can alter its quality—
particularly through the introduction of organic matter. High levels of organic content can
have both positive and negative impacts. On the positive side, it can enrich the water with
nutrients, a condition known as eutrophication. However, excessive organic matter can
also lead to negative effects, such as reduced water productivity and diminished aesthetic
value (Sunaris & Tallar, 2019).

Various activities along the coast and the paradigm of some coastal communities who
consider the sea a garbage dump, significantly impact the carrying capacity and
environmental sustainability of marine waters and coastal areas. This has led to
environmental degradation in these regions and their surrounding ecosystems (Haerudin &
Putra, 2019).

A major issue often faced by water bodies such as rivers is the decline in water quality.
This can be caused by pollutants from domestic and non-domestic waste, garbage disposal,
and intense community activities near the river, such as tourism (Anwar et al., 2022).
Besides waste, other water quality parameters—such as oil and odor—contribute to making
beaches unattractive. These factors directly affect aesthetic value. Declining water quality can
also lead to the presence of coliform bacteria, which poses a health risk to tourists (Lestari et
al., 2021).

Understanding and managing water quality is crucial to maintaining optimal conditions
for aquatic organisms and the environment (Purwanti et al., 2024a).

In 2017, Kampung Mandar was designated by the Banyuwangi Government as the
densest village in Banyuwangi. It was also known as a dumping site—due to a lack of waste
collection personnel, garbage carried downstream, and low public awareness of waste
impacts—and a community perceived as hard, rude, and unwelcoming to outsiders.
Concerned about the negative image, the youth of Kampung Mandar took the initiative to
clean an 800-meter stretch of the river estuary using simple tools. Their efforts to shift waste
disposal from the riverbanks to proper collection points made the area cleaner, more
beautiful, and healthier.

These cleanup efforts received support from various government agencies, including
the Culture and Tourism Office, Public Works Office, Fisheries Office, Cooperative Office,
Environment Office, and others—referred to as the “supertim,” indicating collaborative,
synergistic action. As a result, Kampung Mandar has become a tourist destination.

Conserving riparian habitats is essential for supporting water quality and maintaining
ecosystem integrity (Henri et al., 2020). Nutrient management and ecosystem restoration are
critical to improving river water quality (Islamy et al., 2024). A healthy river ecosystem also
supports biodiversity conservation (Islamy et al., 2025a). However, environmental
degradation from chemical pollutants and physical changes makes river ecosystems
increasingly vulnerable to deterioration and biodiversity loss (Islamy et al., 2025b). Poor
water quality—marked by low dissolved oxygen and high ammonia, nitrate, and nitrite
levels—increases fish vulnerability to disease (Kilawati et al., 2025).
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Kampung Mandar’s coastal tourism includes cultural, culinary, and mangrove tourism.
These activities depend on the Kalilo River, which flows into the Bali Strait. If water quality
standards are not met, significant problems may arise. Therefore, this study aimed to analyze
water quality based on physical and chemical parameters.

MATERIALS AND METHODS

This research was conducted from October 2024 to January 2025 in the Kampung
Mandar river area and the Bali Strait sea. The location was selected using a purposive
sampling technique, based on the consideration that water flows from the Kalilo River
through Kampung Mandar—a coastal tourism area—before discharging into the Bali
Strait.

Sampling locations (Fig. 1) were designated as follows:
e Sample Point | is near the mangrove tourism area.
e Sample Point II is at the river’s endpoint, close to the breakwater.

e Sample Point 11 is located offshore in the Bali Strait, where cultural tourism
activities, such as the ritual "Slametan Laut," take place.

Sample Point | was strategically selected within the river flow near the mangrove
region to assess the impact of mangrove ecosystems on water quality. Mangroves play a
vital role in filtering pollutants, stabilizing sediments, and regulating chemical and
physical characteristics of water—such as salinity, pH, and concentrations of nitrate and
nitrite.

Sample Point 11, situated near the breakwater, was chosen to examine how coastal
structures influence the physicochemical properties of river water. Breakwaters can alter
current patterns, sedimentation, and the distribution of water quality parameters like
salinity, temperature, pH, nitrate, and nitrite at the river mouth. This location was also
selected due to the breakwater's role in transporting organic and inorganic substances
from upstream and its effect on freshwater and seawater mixing. The surrounding area is
prone to contaminant accumulation from human activities such as residential waste
disposal, fisheries, and port operations.

Sample Point 111, located in marine waters near the river discharge, was selected to
investigate the interaction between freshwater and seawater and its impact on water
quality. This zone represents a unique transitional environment, marked by significant
variation in salinity, temperature, pH, nitrate, and nitrite levels due to the convergence of
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the two water masses. The site is particularly vulnerable to anthropogenic influences
stemming from terrestrial activities, including domestic, agricultural, and industrial waste
carried by river currents, which in turn affect the marine ecosystem.
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Fig. 1. Water quality sampling points

The main equipment used in this research included a visible spectrophotometer, pH
meter, hand refractometer, thermometer, sample bottles, and other standard glassware.
The materials required were river and seawater samples, along with chemical reagents for
testing nitrate, nitrite, and orthophosphate concentrations.

Water samples were collected directly from river and marine sites using 500mL
sample bottles. Samples were preserved according to the parameters to be analyzed. In
situ observations included measurements of temperature, salinity, and pH. Ex situ
analyzes involved nitrate, nitrite, and orthophosphate testing using spectrophotometric
methods in accordance with the Indonesian National Standard (SNI) for water quality
testing (Irawati et al., 2021).

Water quality testing was conducted both in situ (at the sampling site) and ex situ
(at the Water Quality Laboratory of Untag Banyuwangi). The assessment adhered to the
water quality standards defined in Government Regulation Number 22 of 2021 regarding
Guidelines for Environmental Protection and Management (Government of Indonesia,
2021).

In nitrate testing, nitrate compounds in the sample are reduced to nitrite using a
cadmium (Cd) column coated with copper (Cu). The total nitrite is formed then reacts
with sulfanilamide in an acidic medium to produce a diazonium compound. This
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compound subsequently couples with N-(1-naphthyl)-ethylenediamine dihydrochloride
(NED) to form a pink azo dye. The intensity of the resulting color is directly proportional
to the total nitrite concentration, and its absorbance is measured spectrophotometrically at
543 nm (BSN, 2011).

Under acidic conditions (pH 2.0-2.5), nitrite reacts with sulfanilamide (SA) and
NED dihydrochloride to form a purplish-red azo compound. The color intensity is
measured spectrophotometrically at a maximum absorbance of 543 nm (BSN, 2004).

For orthophosphate analysis, under acidic conditions, orthophosphate reacts with
ammonium molybdate and potassium antimonyl tartrate to form phosphomolybdic acid.
This is subsequently reduced by ascorbic acid, producing molybdenum blue complexes.
The absorbance of these complexes is measured spectrophotometrically at 880nm (BSN,
2021).

RESULTS AND DISCUSSION

Coastal tourism in Kampung Mandar Banyuwangi Regency
The youth of Kampung Mandar, through the Tourism Awareness Group

(Pokdarwis) led by Hilmansyah Anwar, won first place in the Sustainability CID Awards
2022 in the CSV Social Programme category, organized by PT PLN (Persero). With
funding from the CSR Bina Lingkungan programme of PLN Banyuwangi, Pokdarwis
constructed a 5x2 meter fibre catamaran boat. The boat consists of two hulls (left and
right), a net in the middle for capturing garbage as it passes through, and a propulsion
engine, with a total cost of IDR 19,000,000.

Pokdarwis and Poklahsar (Processing and Marketing Group) take turns operating
the garbage boat. The waste collected is sorted for further processing by residents and the
Environmental Agency (DLH). Maintaining environmental cleanliness has positively
influenced the sustainability of culinary businesses along the Plengsengan River.

During the peak event of the National Ocean Love Month Movement in November
2023, the garbage boat received an award from the Ministry of Maritime Affairs and
Fisheries. In December 2023, the Kampung Mandar Fish Market programme helped PLN
Banyuwangi achieve Gold in the Indonesia Sustainable Development Goals Award
(ISDA). PLN also provided support infrastructure and facilities for the fish market to
stimulate community economic growth. This initiative aimed to empower the community
by encouraging the development of independent micro, small, and medium enterprises
(MSMEs), not only in culinary sectors but also in tourism-related businesses such as
souvenirs and children’s games that embrace the electrifying lifestyle concept.

PLN’s CSR programme for environmental development also contributes to the
improvement of economic welfare and social and environmental education. The
Department of Culture and Tourism (Disbudpar), along with sub-district and village
governments and Pokdarwis, provides education and training for residents, including
public speaking and tourism charm training to prepare them for receiving visitors. The
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Environmental Agency supports these efforts through the Banyuwangi Green
Programme, including TPS3R optimization (Waste Sorting, Collection, and Processing),
enhancement of waste banks, and the Banyuwangi Watershed Care School (Sekardadu).

The cleanliness of the Kampung Mandar River was previously acknowledged by
the Banyuwangi Regency Government through the Fish Market Festival held in 2018 and
2019 in Kampung Mandar. This event offered tourists a range of processed fish dishes
representing diverse ethnic cuisines.

In 2023, the Ministry of Maritime Affairs and Fisheries supported mangrove
conservation efforts in Kampung Mandar by constructing a 100-meter tracking path and
forming the Pokmaswas (Community Monitoring Group) "Kampung Mandar Youth."
This initiative aims to improve community income through sustainable tourism.

Furthermore, in November 2023, the government—through the National Renewal
Forum (FPK) under the auspices of the National Unity and Politics Agency
(Bakesbangpol)—organized traditional activities in Kampung Mandar, including the
Slametan Laut ritual.

The continuous development of Kampung Mandar has led to the flourishing of
tourism activities managed by various ethnic groups, including culinary, cultural, and
mangrove tourism. Consequently, the condition of Kampung Mandar's water quality
plays a crucial role in influencing tourist satisfaction, especially in line with the principles
of Sapta Pesona (safe, orderly, clean, cool, beautiful, friendly, and memorable), as
promoted by tourism managers.

River water quality parameters in Kampung Mandar, Banyuwangi Regency
Water quality is a highly sensitive issue, as it is closely linked to various societal

concerns—ranging from community water use for daily activities to the health of aquatic
ecosystems and the organisms that inhabit them. Water quality, which encompasses both
physical and chemical properties, plays a vital role in ecological stability. These physico-
chemical characteristics of water are subject to continuous change, influenced by multiple
factors. Therefore, temporal and spatial monitoring of these parameters must be
consistently conducted. Water quality assessments provide essential information to the
public, indicating whether water is safe for consumption or suitable for various
community uses (lrawati et al., 2021).

High water quality is especially critical for the development of coastal tourism, as it
directly affects the attractiveness and sustainability of gastronomic, cultural, and
mangrove tourism in Kampung Mandar. Clean and unpolluted water enhances aesthetic
appeal and supports various tourism activities. Culinary tourists, for example, feel more
comfortable and are likely to extend their stay when coastal areas feature clean river
water. In addition, high-quality river water fosters the growth of lush mangrove forests,
which serve not only as tourism attractions but also as natural barriers against erosion and
as breeding grounds for marine life.
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Cultural tourism activities, such as the Slametan Laut ceremony, can proceed
smoothly in clean water conditions, free from unpleasant odours or visible pollution,
allowing fishing boats to navigate the area comfortably during ritual offerings.

Water sampling was conducted four times: on 16 October 2024, 23 November
2024, 20 December 2024, and 18 January 2025, between 15:00 and 16:00 WIB (during
high tide), at three different sampling points (Fig. 1). Kampung Mandar is located at the
river estuary, making it vulnerable to waste carried from upstream areas. However,
general observations revealed that the amount of waste near the estuary was relatively
minimal, consisting mostly of plastic and organic materials. As a result, the river did not
exhibit a foul odor or a brownish colour (Fig. 2).

At sample point Ill, located in the sea near the mouth of the Kampung Mandar
River, no rubbish or odor was detected. According to Natasha and Adharini (2024),
signs of river pollution typically include turbid, brownish water and an unpleasant
smell—both of which were absent in this observation.

Fig. 2. River color (Sample point I: 23 November 2024)

1. Salinity
The salinity of coastal waters is directly influenced by population activities and the

presence of nearby rivers. Salinity levels in these areas tend to be slightly lower than
those of waters directly connected to the open sea. This reduction is primarily due to
anthropogenic influences originating from land, which enter and mix with coastal waters,
thereby altering their salinity (Daulat et al., 2014).

Salinity values (Fig. 3) varied across the three sampling points:
e Sampling Point I: 8—15%o

e Sampling Point I1: 16—34%.
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e Sampling Point I11: 32—-38%o

The lower salinity values at Sampling Points | and 11 are attributed to the substantial
volume of freshwater from river discharge, which is intensified by high rainfall during
November and December. Additionally, these locations are affected by seawater intrusion
into the river system.

In contrast, the higher salinity at Sampling Point Il is due to its location in a
marine area, where conditions are influenced by several factors including freshwater
inflow, evaporation, rainfall, and ocean currents.

According to Government Regulation Number 22 of 2021, the salinity levels
observed—especially at Point 11l—meet the quality standards for natural marine tourism.
40
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Fig. 3. Salinity values

2. Temperature
The interaction between temperature and nutrient availability may exacerbate the

aquatic environment. Warmer temperatures can stimulate the growth of harmful algae,
which not only produce toxins but also release additional odors when unpleasant
(Campbell & Hyslop, 2023). The high and low temperature of river water is influenced
by the air temperature around Kampung Mandar, in general the coastal area of Kampung
Mandar tends to be hot. If the condition of the river is bad, the high temperature results in
the potential for unpleasant odors to appear, but in Kampung Mandar in general it does
not produce unpleasant odors.
he temperature values (Fig. 4) observed at the sampling points were as follows:

o Sampling Point I: 29-32 °C
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e Sampling Point Il: 29-31 °C
e Sampling Point I11: 29-30 °C

These temperature variations are relatively stable across locations, with slight
differences likely due to varying exposure to sunlight, water depth, and the influence of
riverine and marine water mixing. According to Government Regulation Number 22 of
2021, these temperature ranges are considered natural and within acceptable limits for
marine tourism activities.
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Fig. 4. Temperature value

3. pH
pThe pH parameter is a unit of hydrogen ion concentration in solution, usually used
to express the degree of acidity or basicity of a solution. The pH value plays a crucial role
in maintaining the health and balance of aquatic ecosystems. Variations in pH levels can
be influenced by the presence of organic matter transported through river flow (Daulat et
al., 2014). pH is also a key parameter in various water treatment and control processes,
including taste and odor regulation (Adams et al., 2022). Changes in pH are often
dependent on the types and quantities of pollutants entering the water. Water with pH
levels higher than the normal range becomes unsuitable for acidophilic bacteria and other
sensitive organisms. Alkaline discharges, typically from sources containing inorganic
substances, contribute to increased water alkalinity. Conversely, water with an
excessively low pH (acidic) can damage containers, pipelines, and even clothing during
use (Muzayana & Hariani, 2019).
The observed pH values (Fig. 5) at each sampling point were as follows:

o Sampling Point I: 5.0-7.5

o Sampling Point II: 6.0-7.3

e Sampling Point I11: 5.9-7.2
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Based on Government Regulation Number 22 of 2021, the acceptable pH range for
river water is 6.0-9.0, and for marine tourism, 7.0-8.5. Overall, the pH at all three sample
points generally falls within these acceptable ranges. However, a lower pH was recorded
at Sampling Point | in December, indicating slightly acidic conditions. This anomaly is
likely due to household or industrial waste carried downstream after early morning
rainfall.

Another contributing factor is the proximity of Sampling Point | to a mangrove
area. The decomposition of high amounts of organic matter in mangroves can release
acidic byproducts, lowering the water's pH. During the rainy season, surface runoff and
increased biological activity often cause acidic compounds, such as carbonic acid from
fish metabolism, to accumulate and decrease pH levels. According to Susana (2009),
detergents—commonly used in household and industrial applications—also contribute to
reduced pH levels in water.
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Fig. 5. pH value

4. Nitrite
Nitrite is an intermediate compound formed during both nitrification (the oxidation

of ammonia to nitrate) and denitrification (the reduction of nitrate to nitrogen gas).
Because of its transitional nature, nitrite is unstable in well-oxygenated environments. In
natural waters, nitrite concentrations are typically low, averaging around 0.001mg/ L
(Purwanti et al., 2024b). Elevated nitrite concentrations in rivers are often caused by
intensive waste disposal activities, particularly from markets and slaughterhouses located
near riverbanks (Maulianawati et al., 2018).

Nitrite represents a partially oxidized form of nitrogen. It is generally absent in
fresh wastewater but may be present in older or stagnant sewage. As a transient
compound in the nitrogen cycle, nitrite quickly converts either to ammonia or is further
oxidized to nitrate. It may also originate from corrosive industrial materials, as it is
commonly used in factory processes (Ginting, 2007).
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Nitrite concentrations (Fig. 6) measured at the sampling points were as follows:
e Sampling Point I: 0.21-0.33 mg/L
e Sampling Point Il: 0.10-0.32 mg/L
e Sampling Point 111: 0.07-0.16 mg/L

According to Government Regulation No. 22 of 2021, the acceptable nitrite
concentration in river water is approximately 0.06mg/ L. The measured values at all three
sampling points consistently exceeded this standard, indicating that the Kampung Mandar
River is subject to pollution—Ilikely originating from domestic, market, and industrial
waste inputs.
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Fig. 6. Nitrite value

5. Nitrate

Low temperatures can increase dissolved oxygen (DO) levels in water, which in turn
may result in lower nitrate concentrations. As water temperature decreases, the solubility
of oxygen increases, thereby elevating dissolved oxygen levels, and vice versa
(Salsabilla et al., 2023). One of the primary factors contributing to elevated nitrate levels
in water is the discharge of household waste (Tungka et al., 2016). Nitrate is a water-
soluble, stable form of nitrogen. Its presence in river systems is often preceded by the
formation of ammonia, which may originate from natural sources or human activities.
Excessive nitrate concentrations can lead to oxygen depletion, declining fish populations,
unpleasant odours, and poor water quality (Sanjaya et al., 2023).

Nitrate concentrations (Fig. 7) at the three sampling points were as follows:
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e Sampling Point I: 14.9-24.9 mg/L
e Sampling Point 11: 9.9-34.9 mg/L
e Sampling Point 111: 4.9-14.9 mg/L

According to Government Regulation No. 22 of 2021, the acceptable nitrate
concentration in river water is around 10-20 mg/L. The data show that nitrate levels at
Sampling Points | and 1l frequently exceed this standard, indicating that water quality in
the Kampung Mandar River is impacted by domestic waste discharge and activities
related to culinary tourism.

Additionally, Arnanda (2023) suggests that elevated nitrate levels may also
result from the denitrification process, which is influenced by dissolved oxygen
conditions. In low-oxygen surface waters downstream, nitrate undergoes a reduction
sequence: first to nitrite, then to nitric oxide, and finally to nitrogen gas. This biochemical
reaction underscores the dynamic relationship between oxygen availability and nitrogen
transformation in aquatic systems.
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Fig. 7. Nitrate value

6. Orthophosphat
Industrial development and household activities along the river are believed to

affect water quality through the discharge of nutrient-rich waste. High concentrations of
these nutrients can lead to nutrient enrichment (eutrophication), which in turn may trigger
phytoplankton blooms. Detergents, in particular, contribute to this process by increasing
orthophosphate concentrations, as phosphate ions are a common component in many
detergent formulations. The widespread use of phosphate-containing detergents plays a
significant role in eutrophication and the resulting algal blooms (Tungka et al., 2016).

Orthophosphate concentrations (Fig. 8) at the sampling points were as follows:
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e Sampling Point I: 0.0059-0.91 mg/L
e Sampling Point 11: 0.0029-1.25 mg/L
e Sampling Point 111: 0.00099-0.83 mg/L

The river in Kampung Mandar flows near densely populated residential areas,
suggesting that household waste has a direct impact on orthophosphate concentrations. A
significant increase in orthophosphate was recorded in December 2024, likely due to
heavy rainfall in the morning that carried waste from upstream to the sea sampling point.

According to Government Regulation No. 22 of 2021, the acceptable
orthophosphate concentration is approximately 0.015mg/ L for marine recreational waters
and 0.2mg/ L for river water. Based on this standard, orthophosphate levels at the
sampling points were generally within acceptable limits—except in December 2024,
when a notable spike was observed.
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Fig. 8. Orthophosphate value

Potential sources of pollutants that can increase nitrite, nitrate, and phosphate
concentrations include agricultural activities, mining operations, industrial processes,
poultry processing facilities or slaughterhouses, residential areas, latrines, and
commercial activities such as markets and small-scale industries (e.g., workshops). Other
contributors include construction projects, river transportation, temporary waste disposal
sites (TPS), sewer pipes, and street vendors operating near the river (Sanjaya et al.,
2023). Additionally, fishing boat traffic near sampling locations can cause turbulence at
the water surface, further influencing water quality (Wicaksono et al., 2024).

Domestic wastewater from densely populated settlements can also degrade
streamflow quality due to the high organic content, which reduces dissolved oxygen
levels as a result of biological and chemical degradation processes (Sonia & Harisuseno,
2019). Fluctuations in salinity—caused by seawater intrusion or industrial discharges
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can destabilize river ecosystems and diminish the appeal of tourist destinations,
especially when aquatic vegetation or fish mortality occurs.

Elevated water temperatures, resulting from climate change or thermal pollution,
can lower dissolved oxygen levels, harming aquatic organisms and making the
environment less conducive for tourism. Similarly, highly acidic or alkaline pH levels—
often linked to industrial or mining waste—can reduce water clarity and pose health risks
to individuals engaging in direct contact with river water.

Nitrite and nitrate concentrations, commonly increased by fertilizer runoff or
domestic waste, can trigger eutrophication. This process results in algal blooms that
reduce visibility, emit foul odors, and degrade the river's aesthetic value. Phosphate
compounds, while essential for phytoplankton and aquatic plant growth, can also
contribute to eutrophication when present in excess. This leads to diminished water
clarity, limited sunlight penetration, and the growth of harmful algae, all of which pose
risks to tourists.

Improper management of these issues may cause a severe decline in water quality,
reduce tourist interest, damage the destination's reputation, and ultimately jeopardize the
sustainability of river-based tourism.

CONCLUSION

Since 2017, the government and community of Kampung Mandar have undertaken
Initiatives to improve river water quality following the Regent's Decree, which designated
the area as a slum village. These community-driven efforts were recognized by the
Banyuwangi Government through the organization of the Fish Market Festival in 2018
and 2019. Over the years, Kampung Mandar's coastal area has evolved into a vibrant
destination for culinary, cultural, and mangrove tourism.

Based on in situ water quality measurements—including salinity, pH, and
temperature—results indicate that these parameters fall within acceptable quality
standards. However, ex situ analyses of nitrite, nitrate, and orthophosphate revealed
nitrite and nitrate concentrations that tend to exceed regulatory thresholds. Despite this,
the river's aesthetic condition remains favorable, with no unpleasant odors reported.

This study recommends the following actions to enhance water quality
management:

o Install optimal garbage barriers to prevent waste accumulation before the
mangrove area and restrict garbage entry through culverts connected to residential
homes.

e Increase collaboration with NGOs to expand the frequency and scope of river
cleanup activities.

e Implement modern waste management systems and support independent
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household waste management through the Environmental Agency's assistance—
such as the provision of waste collection barrels.

Enhancing community engagement in river water quality management is a strategic
step toward ensuring the sustainability of coastal tourism. Local residents, who possess
deep knowledge of the river's dynamics and directly benefit from tourism, should be
actively involved in participatory monitoring programs, environmental education
initiatives, and household-level waste management practices.
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