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Abstract

This study aims to analyze the impact of industrial activities on water quality in Belawan Port, Medan City. The methods used
included field surveys, water sampling, and in-depth interviews with stakeholders and communities around the harbor. The results
showed that industrial activities at the port significantly affected water quality parameters such as acidity, heavy metal concentration,
and the number of pathogenic microorganisms. In addition, the socio-economic conditions of the community around Belawan Port also
affect awareness of the environment and the cleanliness of the waters. This study concludes that water pollution management in Belawan
Harbor requires an integrated approach between the government, port management, industry, and local communities. Collaborative
efforts are needed to implement more effective and sustainable policies to maintain environmental sustainability in this port area. Key
recommendations include the establishment of an Integrated Water Quality Management Team and increased active participation from
all stakeholders in keeping the waters and environment around Belawan Port clean.
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Introduction

Waters are areas that consist of water, usually in the form of seas, rivers, lakes, or reservoirs. Waters can be
freshwater (freshwater) or marine waters (seawater). Freshwaters are usually rivers, lakes, or reservoirs that
are not connected to the sea, while marine waters are areas connected to the ocean or sea. Waters have an
important role in ecosystems and various aspects of life, such as natural resources, tourism, and the
economy of the people living around them (Thamrin et al., 2022; Samdara, 2017). Waters can support the
improvement of the community's economy in terms of agriculture, industry, tourism, energy, food security,
and infrastructure development. This explains that there is a community dependence on water in various
sectors.

One of how the community uses water is by making ports. Large and strategic sea areas allow ports as ship
berths and loading and unloading facilities, affecting the economic sector and community climate in the
Indonesian region (Parwati et al., 2024). Ports are also used as transportation to smooth the wheels of the
economy, strengthen national unity, and affect aspects of national and state life so that ports can be used
as supporters, drivers, and drivers for the growth of potential but undeveloped areas (Mutia, 2015). In
domestic trade, ports help increase trade activities in the region, while in international trade, ports become
bridges between countries that help increase global economic growth (Dithamsyah et al., 2024). With the
right policy support, ports can utilize the potential of international trade for economic growth. In addition,
the importance of building modern port facilities and efficient operations helps maintain Indonesia's
competitiveness in the global market.

Behind the significant benefits of ports for the community's economy, the use of ports causes an increase
in industrial activity in water areas. The Port serves as a distribution center for goods and services, which
attracts various industries to settle and operate in the area. This certainly hurts the waters around the Port.
Increased industrial activity in the Port can increase industrial waste emissions into waters, such as liquid
waste, gas, and hazardous particles, resulting in a decrease in water quality (Salsabila & Basyaiban, 2022). A
decrease in water quality can affect the balance of aquatic ecosystems, leading to a decrease in fish
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production (Mulyadi & Atmaja, 2016). Water pollution is caused by water transportation used for trade
activities and causes pollution.

The impact of water damage causes an increasing burden of expenditure by the government because it has
to carry out infrastructure improvements. For this reason, it takes the role of the government and the
community to prevent and overcome the problem of water pollution. The government needs to implement
regulations on industrial waste disposal, agricultural runoff, and water management. Water monitoring and
water quality enforcement must be maintained together with the community by providing understanding
and raising public awatreness to protect each othet's waters. These government initiatives demonstrate a
commitment to addressing water pollution and ensuring the long-term sustainability of water resources. By
implementing these measures, the government can protect public health, preserve aquatic ecosystems, and
support economic growth.

The government has taken many steps, including policy implementation for law enforcement. However,
there are obstacles and barriers in implementing policies to safeguard and manage waters from the impacts
of industrial activities. The attitude and behavior of the community and stakeholders involved in the
implementation of water policies can be an obstacle because the lack of coordination between stakeholders
can cause failure in policy implementation (Berliana & Adianto, 2022). The implementation of the policy
still often fails because the need for replacement port facilities can hinder the relocation process of the
loading and unloading port, so this is considered not by existing policies (Hanafi et al., 2023). This also
happened to one of the ports in Belawan, Medan City. Belawan Port is one of the waterways with a high
level of industrial activity. This research aims to conduct an in-depth analysis of the social conditions of the
community around Belawan Port, focusing on the economic factors that affect their lives. In addition, this
research will examine a model of a sustainable Belawan Harbor water pollution management scheme as a
response to the environmental problems faced. The research will include the implementation of factors
affecting pollution management based on George Edward III's (1980) theory, to provide recommendations
for appropriate solutions for environmental management in the region.

Literature Review

Based on the previous explanation, this research draws on previous studies to find out how the water
management model in the Port is different from other studies. Raising public awareness about their concern
for the environment affects the management of water pollution (Irawanto & Afifudin, 2022). To manage
waters in the Port, knowledge, supervision, and completeness of waste management facilities for ship crews
affect marine pollution prevention behavior in the Port (Nursyamsu et al., 2022). The water resources
management model can be carried out using technological advances (Sudaryanti et al., 2023). Water
management also needs government support to issue regulations that can reduce marine environmental
pollution (Efansyah & Basuki, 2021). Other research also confirms that holistically, water pollution
management requires a regulatory framework, technological innovation, and stakeholder engagement
(Oginah et al., 2023).

Effective risk management and response strategies are essential to address water pollution incidents in
ports, and these include proactive risk assessment, early detection using advanced monitoring technologies,
and coordinated response mechanisms involving multiple stakeholders (Chauhan et al., 2024). Prevention
can be done to protect the water environment by monitoring the health of aquatic ecosystems (Sumudumali
& Jayawardana, 2021). Creating an environmentally friendly Port that includes using renewable energy
sources, reducing waste, and improving waste management (Sadri et al., 2021).

Damaging the balance of aquatic ecosystems, water pollution also has an impact on society. The main thing
about the impact of water pollution is that it can affect public health (Farhan et al., 2023). The health
impacts of water pollution can lead to increased healthcare costs, which can be a huge burden for
individuals, communities, and governments. Water pollution can damage aquatic ecosystems, which can
have a long-term impact on the survival of people who depend on these aquatic resources (Fauzan &
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Milantara, 2024). In addition, water pollution can lead to reduced productivity in industries that depend on
clean water, such as agriculture, manufacturing, and tourism, resulting in significant economic losses.

Method

This research used a qualitative descriptive approach to develop a comprehensive model of sustainable
water pollution management in Belawan Port. The research methodology centered on in-depth field surveys
and structured interviews with key stakeholders involved in environmental management and local
communities (Creswell & Poth, 2016). Primary data collection was mainly done through in-depth interviews
conducted with officials of relevant agencies, including the North Sumatra Provincial Industry, Trade,
Energy and Mineral Agency, the North Sumatra Provincial Environment and Forestry Agency, and the
North Sumatra Provincial Marine and Fisheries Agency. The interviews were conducted with the officials
of the Department of Industry, Trade, Energy and Minerals of North Sumatra Province, Sumatra
Watershed II Directorate General of Water Resources, Medan City Environment Office, and Medan
Belawan Sub-district. The interviews aimed to shed light on the types of industries along the Deli River and
Belawan River, environmental compliance, and community perspectives on pollution management.

Complementing the interviews, the literature review examined existing reports and documents related to
water pollution, environmental regulations, and socio-economic impacts around Belawan Port. The
research was conducted in stages to ensure systematic data collection and analysis: a preliminary survey
established baseline information, followed by focused interviews to deepen insights and validate findings.
Qualitative data was further thematically analyzed to discern patterns and formulate a sustainable model for
water pollution management in Belawan Port. Throughout the research, strict ethical standards regarding
consent, confidentiality, and data security were carefully adhered to to maintain the integrity of the research
process. The research adopted a qualitative descriptive approach to develop a comprehensive model of
sustainable water pollution management in Belawan Port. The research methodology centered on in-depth
tield surveys and structured interviews with key stakeholders involved in environmental management and
local communities.

Primary data collection was mainly done through in-depth interviews conducted with officials of relevant
agencies, including the North Sumatra Provincial Industry, Trade, Energy and Mineral Agency, the North
Sumatra Provincial Environment and Forestry Agency, and the North Sumatra Provincial Marine and
Fisheries Agency. The interviews were conducted with the officials of the Department of Industry, Trade,
Energy and Minerals of North Sumatra Province, Sumatra Watershed II Directorate General of Water
Resources, Medan City Environment Office, and Medan Belawan Sub-district. The interviews aimed to
shed light on the types of industries along the Deli River and Belawan River, environmental compliance,
and community perspectives on pollution management. Complementing the interviews, the literature
review examined existing reports and documents related to water pollution, environmental regulations, and
socio-economic impacts around Belawan Port. The research was conducted in stages to ensure systematic
data collection and analysis: a preliminary survey established baseline information, followed by focused
interviews to deepen insights and validate findings. Qualitative data was further thematically analyzed to
discern patterns and formulate a sustainable model for water pollution management in Belawan Port.
Throughout the research, strict ethical standards regarding consent, confidentiality, and data security were
carefully adhered to to maintain the integrity of the research process.

Results and Discussion

Analysis of Social Conditions of Communities Surrounding Belawan Port

The analyzed social conditions of the community are briefly described as follows: The analysis of the social
conditions of the communities around Belawan Port shows several important aspects that describe their
lives. In terms of education, the majority of the population in Medan Belawan Sub-district has a high school

level of education with a total of 29,342 people. In compatison, those with Diploma IV /Strata I education
are 1,507 people, and Strata II is 84 people. Of the 400 respondents interviewed, the distribution of
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education levels is SD (7.75%), SMP (30%), SMA (58.50%), Diploma (2.25%), and S1 (1.50%), reflecting
the same pattern as the general population, namely the dominance of secondary education levels. In the
economic sector, there are various types of businesses in Medan Belawan, including large, medium, and
small industries (6 in total), hotels (13 units), restaurants and warungs (143 units), and trade (566 units).
This diversity shows the dynamics of a fairly active economy in the area.

Living conditions also reflect the level of community welfare, with 74% of respondents living in permanent
houses categorized as affluent, 19.50% in semi-permanent houses, 2% in makeshift seafront houses, and
4.50% in rental houses. In terms of environmental hygiene, the majority of respondents (98%) use family
latrines that are considered healthy, with only 2% still using the river as a place to defecate. Fecal
containment facilities mostly use septic tanks (90.75%), while a small proportion are channeled to local
sewers (2.25%), beaches (1%), and rivers (6%). The pattern of waste disposal shows that 87% of the
respondents dispose of waste in trash bins, although there are still those who dispose of it carelessly (5.50%),
to the river (5%), and to the beach (1%). This indicates a fairly high awareness of environmental cleanliness
among the majority of respondents.

Domestic wastewater disposal facilities also show concern for environmental health, where 44.50% use
infiltration wells with adequate construction, 33% with simple construction, and 21% are channeled to the
beach through local drainage channels. Based on this data, the community around Belawan Port has a
medium level of education, various types of economic businesses, mostly permanent and healthy living
conditions, and a faitly high awareness of environmental hygiene. However, there are still some things that
could be improved in waste and wastewater management.

Economic Analysis of the Community Around Belawan Port

Medan Belawan Sub-district, which is the research area, has a population of 112,457 people in 2022,
consisting of 57,573 men and 54,884 women. The kelurahan with the largest population is Belawan 11
(24,764 people), while Belawan Bahati has the smallest population (13,362 people). The population density
in each kelurahan varies, with Belawan Bahagia having the highest density (19,728 people/Km?) and
Belawan Sicanang the lowest (992 people/Km?). Overall, Medan Belawan sub-district has a density of 3,380
people/Km? The population in Medan Belawan's main occupations are diverse, including civil servants
(PNS), private employees, casual daily laborers, teachers, farmers/gardeners, fishermen, traders,
entrepreneurs, and sailors. Data from 2022 shows that the number of fishermen is 5,278 people or around
5% of the total population. Interviews with 400 respondents revealed that the most common profession
was trader (29.50%), followed by housewife/laborer (25.50%), and fisherman (23.50%).

The income of fishermen varies, with modern fishermen (who use large boats or motors) earning around
Rp. 2,750,000 - Rp. 3,850,000 per month. Meanwhile, traditional fishers (who use boats without motors)
have a monthly net income of between IDR 480,000 and IDR 1,170,000. Interview data also showed that
the majority of respondents (63.50%) had less than 4 family dependents, with most respondents' monthly
expenditure (43.25%) in the range of Rp. 2,000,000 - Rp. 2,500,000. Local regulations stipulate that the
waters around Belawan Port are not a capture fisheries zone, so fishers fish in waters around Deli Serdang
Regency, including at the Belawan Ocean Fishing Port (PPSB). This condition directs fishermen's activities
out of the port zone, adjusting to existing regulations.

Overall, the economy of the community around Belawan Port is affected by the presence of the port and
fishing activities that are directed to more distant waters, following the zoning rules set by the local
government. Infrastructure management and improvement, as well as business capital support, especially
for fishermen, are the main concerns in improving the economic welfare of the local community.

Implementation of Sustainable Management of Belawan Port Waters Pollution

Water pollution management in Belawan Port is a challenge that requires a systematic and integrated
approach to achieve environmental sustainability. For this reason, the modeling of management schemes
must be based on an in-depth analysis of the key factors that influence the successful implementation of

1211


https://ecohumanism.co.uk/joe/ecohumanism
https://doi.org/10.62754/joe.v3i3.3432

Journal of Ecohumanism

2024

Volume: 3, No: 3, pp. 1208 — 1218

ISSN: 2752-6798 (Print) | ISSN 2752-6801 (Online)
https://ecohumanism.co.uk/joe/ecohumanism
DOI: https://doi.org/10.62754/ioe.v3i3.3432

environmental policies. George Edward III's (1980) theory provides a relevant framework, which includes
four essential conditions: communication, resources, disposition/attitude, and bureaucratic structure.

Clear and consistent communication is a key foundation in ensuring that information related to water
environment management is effectively conveyed to all relevant parties. Furthermore, the availability of
resources, which include adequate staffing, accurate information for decision-making, sufficient authority,
and necessary facilities, determines the successful implementation of the management program. The strong
disposition or attitude of all implementers towards the program is also key in maintaining the sustainability
of environmental management efforts. Finally, a bureaucratic structure based on standard operating
procedures is fundamental to organizing the flow of work and policy implementation efficiently (Ridho et
al., 2023).

In the context of Belawan Port, this introduction will highlicht how these factors are applied and
implemented to improve the condition of the marine environment sustainably. The analysis in the following
table will provide a more detailed overview of the implementation and recommendations needed to
improve water pollution management in this Port.

Table 1. Implementation Analysis of Belawan Harbor Waters Pollution Management

No. | Factor Description Implementation that has | Implementation that
been carried out needs to be done
1 Communication | The process of | Submit  reports on  the | Reports on the
delivering implementation of | implementation of
aquatic environmental ~ management | environmental
environmental | and monitoring of the Port of | management and
management Belawan including the port | monitoring of Belawan
and monitoring | water environment to regional | Port also need to be
by Belawan | and  central  environmental | submitted to the
Port agencies (KLHK). community around the
Management port through the local
village head. Submission
of reports can be done
through an institution
2 Resources Still limited to | 1)  Establishment of the | 1) Involve the
Belawan  Port | environmental ~— management | government and related
management field in the company's | stakcholders in  the
organizational  structure  2) | management of pollution
Equipping existing resources | of Belawan Port waters,
with training and certification | such as KLHK,
related to port environmental | Provincial DLHK, City
management. DLH, and surrounding
industries 2) Include the
community living around
the port to participate in
the management of
pollution of Belawan
Port waters 3)
Stakeholder and
community involvement
needs to be done through
an institution.
3 Disposition/ Belawan  Port | 1) Belawan Port Management | Committed to continue
Attitude Management is | applies the Green Port concept | to manage pollution of
fully committed | as part of sustainable port | Belawan Port waters. In
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to management 2) Make a joint | terms of holistic
implementing | commitment  with  related | management, it  is
environmental | parties, such as companies and | necessary to establish a
management industries in and around the | management institution
programs port area, to be equally | involving; central and

responsible for managing the | local governments,
water quality of Belawan Port | Belawan Port,
waters under the coordination | stakeholders and the
of the Belawan Port I | community.
Authority.
4 Bureaucratic Implementation | 1) Conduct regular cleaning of | Itis necessary to establish
Structure of the harbor drainage channel | an Integrated
environmental | that empties into the water 2) | Management Team
management Installing notice boards around | involving the Central and
program at | the dock area, so as not to | Local Governments.
Belawan  Port | throw garbage into the sea. 3) | Formulate a scheme for
based on | Provide direction to fuel filling | the participation of each
Standard business actors so that there is | group included in the
Operational no splashing of fuel during the | Integrated Management
Procedure transfer from the tank car to the | Team.
(SOP). ship. 4) Provide oil spill

pollution prevention facilities
(oil boom) in the waters of
Belawan Port. 5) Cooperate
with Syahbandar Belawan and
the Port Authority to require
ship owners not to discharge
their solid waste and domestic
liquid waste into the sea. 0)
Work with Syahbandar and the
Belawan Port Authority to
require ship owners to replace
the ship's ballast water in
accordance with applicable
regulations (in accordance with
the provisions contained in the
IMO / International Maritime
Organization.

Source: Data processing by researchers, 2023

Based on the analysis in Table 1. a joint commitment between the government, Belawan Port management,
and the community/stakeholders is needed to manage water pollution sustainably. It is necessary to
establish a proposed organization called the Belawan Port Water Quality Management Integrated Team.
This organization aims to maintain and supervise environmental management for sustainable operations.
According to Nadiroh (2023), environmental institutions are very important for the sustainability of
ecosystems and environmental quality. The implementation of water pollution management at Belawan
Port has shown significant steps but still requires improvement in some key aspects.

Port management has successfully submitted environmental management reports to regional and central
environmental agencies, such as KLHK, reflecting a commitment to transparency and accountability.
However, to engage the community more broadly, it is important to improve direct communication through
village heads or local institutions. Meanwhile, limited human resources and facilities remain a constraint in
aquatic environmental management. Closer collaboration with government, industry, and local
communities is needed to expand available resources and increase participation in water pollution
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management efforts. Port management's strong commitment to the Green Port concept has been reflected
in the implementation of management programs. However, to maintain sustainability, it is necessary to
establish an integrated management institution involving all stakeholders. This will ensure better
coordination and integrated monitoring of the condition of the aquatic environment in accordance with
well-implemented SOPs. Thus, the management of water pollution in Belawan Port can continue to
improve towards a cleaner and more sustainable environment for all parties involved.

Program Plan for Preventing/ Minimizing the Entry of Polluting Substances into Belawan Port W aters

Water quality management in Belawan Harbor requires a planned and coordinated strategy to reduce the
impact of pollution from various sources. The Belawan and Deli River estuaries, as well as drainage channels
from settlements and port land ateas, are the main sources of pollutants that need to be addressed
effectively. Wastes such as industrial wastewater, domestic wastewater, and domestic garbage contribute
significantly to this pollution. Programs to prevent and minimize the entry of polluting substances into the
waters of Belawan Port have been formulated in Table 2 below. These measures are designed to be managed
by various parties, including the government, businesses, and relevant agencies such as the Medan City
Environmental Agency, North Sumatra Provincial DLHK, and Medan City DLH. The aim is not only to
maintain water quality but also to avoid negative impacts such as disturbance to aquatic life and social
conflicts around the port.

By developing this plan, it is expected that a cleaner and healthier water environment will be created in
Belawan Port, supporting the sustainability of the ecosystem and the welfare of the local community. Table
2 provides a clear picture of the pollution prevention strategies that need to be implemented immediately
and effectively.

Table 2. Prevention/Minimization Program Plan for the Entry of Polluting Substances into Belawan Port Waters

No. | Waste Waste Source Manager Supervisor Management Plan
Type
1 Domestic | Settlement Government - DLHK North | Making Communal
wastewater | activities and Sumatra WWTP
settlement facilities Province
and infrastructure - DLH Medan
(restaurants, cafes, City

restaurants, school
houses, etc.)

2 Domestic | Settlement Government - DLHK | -Providing  waste
waste activities Provinsi disposal  sites in
(similar to Sumatera Utara | appropriate
household - DLH Kota | locations
waste) Medan - Dispose of waste

regularly to landfill

3.a | Industrial | Industry Business actors - DLHK North | Treating wastewater
wastewater | operations Sumatra until it meets the

Province required quality
- DLH Medan | standards  before
City being  discharged
- Industry | into water bodies
Agency

- District

apparatus

- Sub-district

apparatus
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3.b | Fasyankes | Health facility | Proponent/business | - DLHK North | Wastewater

(Facility, operations actor Sumatra treatment in
Service, Province WWTP/IPAL
Health) - DLH Medan | before being
wastewater City - district | discharged into
officials environmental

media so that it
meets the required
quality standards

Source: Based on Field Observations, Year 2023

Table 2 presents the program plan to prevent or minimize the entry of pollutants into the waters of Belawan
Port, involving different types of wastes from various sources. First, domestic wastewater from residential
activities and facilities such as restaurants, cafes, and schools will be managed through the construction of
communal WWTPs with supervision from DLHK of North Sumatra Province and DLH of Medan City.
Secondly, domestic waste from households will be managed by providing appropriate temporary shelters
(TPS) and regular disposal to landfills (TPA), also with supervision from the Provincial DLHK and DLH
of Medan City. Then, industrial wastewater from industrial operations at Belawan Port is expected to be
treated to meet quality standards before being discharged into water bodies, involving the Industry Office,
sub-district, and village officials. In addition, wastewater from Facilities, Services, and Health (Fasyankes)
must also be treated through WWTP/IPAL before being discharged into the environment.

The role of each group in the Belawan Port Water Quality Management Integrated Team is critical to
achieving this goal. The Central Government, through the MoEF and the Ministry of Transportation, is
responsible for regulations, permits, and general supervision of activities at the port. The local government,
through the provincial DLHK and DLH of Medan City, plays a crucial role in the implementation and
supervision of water pollution management. DLH Medan City is also expected to take an active role in the
establishment of this management organization.

Belawan Port, represented by its main operator, PT Pelindo, has direct responsibility for port environmental
management and supervision of operational activities, including wastewater management. Stakeholders
such as industries around Belawan Port are obliged to contribute by responsibly managing their industrial
waste before discharging it into the water environment. Ships using the port must also comply with
domestic and solid waste management rules. Communities around the port are encouraged to play an active
role in keeping the aquatic environment clean. Their participation is expected to increase environmental
awareness and support ongoing monitoring and reporting of environmental conditions. By integrating all
stakeholders through the Integrated Management Team, it is expected that this joint effort will be effective
in managing and minimizing pollution of Belawan Port waters, maintaining the sustainability of port
operations, and improving the quality of life for the surrounding community.

Model of Sustainable Management of Belawan Port W ater Quality

The Belawan Harbor water quality management scheme model is systematically designed to address water
pollution challenges with a comprehensive approach. The first stage in the model is data collection, which
includes direct measurement of physical, chemical, and biological parameters of water, such as temperature,
pH, dissolved oxygen, and the content of pollutants such as heavy metals. In addition, observations of
pollutant sources from both point sources (such as industries) and non-point sources (such as stormwater
runoff) are made to identify the origin of pollution. The results of these measurements and observations
are then reported in a structured manner for further analysis.

The second stage is data analysis, where the collected information is evaluated to assess the water quality
according to set standards. This process also includes the identification of key issues affecting water quality,
such as the types and sources of dominant pollutants. Based on this evaluation, concrete action plans are
developed to address the identified issues, including appropriate prevention and remediation strategies. The
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implementation of water quality management becomes the focus of the third stage, which involves the
implementation of preventive measures and countermeasures. This includes the construction of
infrastructure for effluent management, the application of environmentally friendly technologies, and other
mitigation measures. Regular monitoring of water quality is also integrated to ensure the effectiveness of
the measures taken and to detect changes in water conditions in a timely manner.

Stakeholder engagement is a key aspect in the fourth stage, where active collaboration with industries,
communities, and NGOs is emphasized. This cooperation includes organizing education and training
programs on the importance of maintaining water quality, as well as efforts to increase community
awareness and participation in environmental management. Evaluation and follow-up is the final stage of
the model, which involves an in-depth review of the management results. The evaluation aims to assess the
effectiveness of the strategies implemented and adjust the action plan based on the findings and feedback
from the evaluation. In addition, periodic reports are prepared to provide transparency and accountability
for the progress made in maintaining the water quality of Belawan Harbor waters.

Meanwhile, the organization of the integrated team in this model plays an important role in ensuring
effective coordination between all parties involved. The team is led by a team leader who is responsible for
the overall coordination of activities and ensuring the efficient implementation of the plan. The secretary
and treasurer are in charge of managing the team's administration and finances. At the same time, divisions
such as stakeholders, operations, supervision and monitoring, and education and community participation
play specific roles according to their task specifications in maintaining water quality. Effective coordination
and communication among team sections, as well as with all relevant parties, is key to success in this model.
This ensures that every step taken is responsive to changing environmental conditions and supports the
achievement of the long-term goal of maintaining optimal water quality in Belawan Harbor waters. Thus,
this model not only strengthens technical efforts in environmental management but also promotes synergy
between various stakeholders to create sustainable solutions to the environmental challenges faced.

Conclusion

The conclusion of this study highlights the complexities and challenges in managing water pollution in
Belawan Harbor, Medan City. It was found that industrial activities at the port significantly affect the
environmental quality of the surrounding waters, with widespread impacts including on the ecosystem and
the health of local communities. The results of the analysis of the socio-economic conditions of the
community around Belawan Port showed a predominantly middle level of education, a diverse range of
economic businesses, and a high awareness of environmental cleanliness despite challenges in waste and
wastewater management.

In addition, the implementation of sustainable water pollution management requires a systematic and
integrated approach. A shared commitment from the government, port management, industry, and local
communities is required to ensure the effectiveness of implemented policies and programs. Improvements
in communication, adequate resource allocation, a positive attitude towards the environment, and an
efficient bureaucratic structure are key to success in maintaining the sustainability of environmental
management efforts in Belawan Port. The main recommendations of this study include the establishment
of the Belawan Port Water Quality Management Integrated Team as the institution responsible for
coordination and monitoring of the condition of the aquatic environment, as well as increased active
participation from all stakeholders in maintaining the cleanliness and sustainability of the aquatic
environment in this port.
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