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Abstract

The United Nations Decade of Ocean Science for Sustainable Development (2021-2030), known as the “Ocean Decade”,
represents a significant global initiative aimed at mobilising ocean science to foster sustainable development. One of the key
challenges highlighted by this initiative is marine pollution, which poses severe threats to ocean ecosystems, biodiversity,
and human livelihoods. Marine pollution has escalated over the past decades, primarily driven by anthropogenic activities,
including plastic waste, chemical runoff, oil spills, and untreated wastewater discharges. Addressing these challenges requires
not only robust scientific research but also coordinated international efforts to implement practical and long-term solutions.
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Abbreviations

POPs: Persistent Organic Pollutants; UNEP: United Nations
Environment Programme; HABs: Harmful Algal Blooms;
GPML: Global Partnership on Marine Litter; WFD: Water
Framework Directive.

Introduction
Current State of Marine Pollution

Marine pollution is a multifaceted problem that affects
nearly all corners of the world’s oceans. While some forms
of pollution, such as oil spills, are acute and geographically
specific, others, such as plastic waste, have a pervasive global
presence. According to estimates by the United Nations
Environment Programme (UNEP) [1], approximately 8
million tonnes of plastic waste enter the oceans each year,
contributing to the accumulation of over 150 million
tonnes currently circulating in the marine environment.
This widespread contamination of marine ecosystems with
plastics, ranging from large debris to microplastics, has
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devastating consequences for marine life. Species ingest
or become entangled in plastic, often leading to injury or
death. Furthermore, microplastics [2], due to their size, are
particularly insidious as marine organisms quickly ingest
them and can enter the food chain, affecting ecosystems at
all trophic levels [3].

In addition to plastic pollution, chemical contamination
remains a pressing issue. Agricultural runoff, containing high
concentrations of nitrogen and phosphorus from fertilisers,
flows into coastal waters, resulting in eutrophication and
the formation of dead zones [4]. These areas, characterised
by low oxygen levels, are uninhabitable for most marine
species. A notable example is the Gulf of Mexico, primarily
driven by nutrient runoff from the Mississippi River. Other
pollutants, including heavy metals such as mercury and
persistent organic pollutants (POPs), further exacerbate
marine pollution. These substances bioaccumulate in marine
organisms, often reaching hazardous levels in apex predators
and posing significant risks to human health through seafood
consumption.
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Ecological and Socio-Economic Impacts

The ecological impacts of marine pollution are profound.
Biodiversity loss is one of the most visible consequences, as
marine species struggle to survive in increasingly polluted
environments. Coral reefs, often referred to as the “rainforests
of the sea”, are particularly vulnerable to pollution. Plastic
debris that accumulates on coral reefs can cause physical
damage and increase the susceptibility of corals to diseases.

Moreover, eutrophication from nutrient pollution
disrupts marine ecosystems by causing harmful algal blooms
(HABs), which not only deplete oxygen levels but also release
toxins that can poison marine life.

The socio-economic impacts of marine pollution are
equally significant. Coastal communities, many of which
depend on fishing and tourism for their livelihoods, are
particularly affected. The contamination of marine resources
with pollutants, such as plastics and heavy metals, reduces
fish stocks and compromises the safety of seafood, affecting
food security and income for millions of people. In addition,
polluted beaches and water bodies deter tourism, leading to
economic losses for coastal economies.

Measures to Combat Marine Pollution

The Ocean Decade aims to catalyse action by integrating
science with policy and societal engagement to address these
issues. Several strategies have been proposed and are being
implemented at various levels, from local initiatives to global
frameworks.

Plastic Waste Management and Reduction

Efforts to reduce plastic pollution must target both the
sources of waste and its pathways into the ocean [5]. The
reduction of single-use plastics is a critical measure that has
gained global traction. Countries such as the United Kingdom
and the European Union have already implemented bans on
certain single-use plastic products, such as straws, cutlery,
and plastic bags. However, plastic waste management needs
to go beyond bans to include comprehensive recycling
systems [6], improved waste collection infrastructure, and
incentives for developing biodegradable alternatives.

International frameworks, such as the Global
Partnership on Marine Litter (GPML), established under
UNEP, play an essential role in coordinating efforts to reduce
plastic waste. This partnership facilitates knowledge sharing
and the development of policies to prevent marine litter at
its source. Additionally, technological innovations, such as
ocean clean-up systems and the use of artificial intelligence
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for monitoring marine pollution, offer promising solutions to
address the issue at scale.

Controlling Runoff and

Eutrophication

Agricultural

Tackling nutrient pollution requires a concerted effort
to promote sustainable agricultural practices. Precision
farming, which involves the targeted application of fertilisers
based on real-time data [7], can significantly reduce the
amount of excess nutrients entering water bodies. Moreover,
the use of buffer zones, wetlands, and vegetation along
waterways can help filter out pollutants before they reach
the ocean.

At the policy level, regulatory frameworks such as the
European Union’s Water Framework Directive (WFD) have
been effective in managing nutrient pollution in European
waters [8]. The WFD mandates member states to achieve
the “good status” of water bodies by controlling sources of
pollution, including agricultural runoff. Similar initiatives are
needed in other parts of the world to reduce the incidence of
dead zones and protect marine ecosystems.

Reducing Chemical Pollution

The control of hazardous chemicals, such as POPs and
heavy metals, is critical for the long-term health of marine
ecosystems. The Stockholm Convention on Persistent Organic
Pollutants [9], a global treaty, seeks to eliminate or restrict the
production and use of POPs. Countries that are signatories
to the treaty are required to adopt measures to reduce the
release of these substances into the environment. Similarly,
the Minamata Convention on Mercury aims to protect human
health and the environment from anthropogenic emissions
and releases of mercury and mercury compounds.

Further efforts should focus on promoting the use
of environmentally friendly alternatives to hazardous
chemicals and improving the monitoring and enforcement of
regulations governing industrial discharges.

Public Engagement and Education

Public awareness and engagement are essential
components of any long-term strategy to combat marine
pollution [10]. Educational campaigns that highlight the
impacts of marine pollution and promote sustainable
practices can drive behavioural change. Initiatives such
as beach clean-ups, citizen science projects, and the
involvement of local communities in marine conservation
efforts can significantly contribute to reducing pollution at
the grassroots level.
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International Collaboration

Marine pollution is a global issue that transcends
national borders, making international cooperation crucial
[11]. The Ocean Decade provides an ideal platform for
fostering collaboration between governments, research
institutions, non-governmental organisations, and the
private sector. Through coordinated efforts, countries can
share best practices, develop joint solutions, and implement
global frameworks that address the root causes of marine
pollution.

Conclusions

The current state of marine pollution poses a significant
threat to the health of the world’s oceans and the well-being
of societies dependent on marine resources. However, with
the momentum provided by the Ocean Decade, there is an
unprecedented opportunity to advance scientific research
and implement effective solutions. By reducing plastic waste,
controlling nutrient runoff, curbing chemical pollution, and
fostering international collaboration, we can mitigate the
impacts of marine pollution and safeguard the future of our
oceans for generations to come.
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