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ABSTRACT

Marine pollution with plastics has emerged as one of the biggest environmental issues in the 21st
century and with severe effects on the ocean environments, biological diversity as well as
economy. This pollution derives mainly from the increased use and production of plastic products
accompanied by the poor management of waste products and their disposal. Other amplifiers
include; urbanization, industrialization and dependency on single-use plastics that enhances the
flow of plastics into the marine ecosystems and the palpable amounts continue to accumulate over
time. Below are some of the effects of plastic pollution. Measures of Marine life risk include
predation on plastic litter, trapping and health deterioration of their natural habitat. Microplastics
which are derived from the degradation of other large polymer articles are seen in almost all
environments and are consumed by marine organisms and consequently human beings. Also,
plastic products affect aquatic life, diminish the species’ variety and threat the health of the seas
as vital carbon sinks, worsening climate change. High losses in the fisheries, tourism, and coastal
businesses are evident proving that there is need to adopt some measures to save the coast. To
address this international problem, that is, poverty, more approaches are required. This can be
taken through policies that seek to decommission plastic through restrictions on products that can
be produced from the material for instance single-use plastics, and by encouraging companies to
find environmentally friendly products to replace those produced from plastic. Improving waste
management infrastructure, especially in high leakages areas, is one of the best ways of decreasing
the rates of plastic entry in oceans. Beach cleaning and recycling projects help to make the public
part of the solution. Globalization makes it easier for various countries to be held responsible by
agreements made through organizations such as UNEP. The potential to use innovative
technologies is also apparent. Innovations in apparatus for ocean cleansing, creation of
biodegradable plastics and microbial breakdown of plastics are practical solutions to the problem.
Additionally, awareness creation and community enlightenments together with publicity can alter
consumer approach and encourage the culture of sustainability. Therefore, this extended analysis
exemplifies that plastic pollution prevention in oceans is a challenging and acute problem. Thus,
the analyzed approach to enhance the protection of marine ecosystems discussed in the paper
assumes the prevention of negative impacts for human health and global economy, as well as the
mitigation of negative actions, and active search for new initiatives.

KEY WORDS: Pollution with plastics, Sea environment, Microplastic, Disposable plastics,
Waste disposal, Marine cleanup, Species decline.

("Head, *Subject Matter Specialist, *Assistant Professor, ‘PhD Scholar, *Assistant Professor, “Associate Professor)



160 SINGH ET AL

INTRODUCTION

Marine pollution through plastics is now a global
issue playing havoc with the marine life, its bio-
diversity and human life too. Plastic a material
admired for its versatility and cheap cost is used in
almost all sectors and in everyday life. However,
one of its major benefits is actually one of its worst
drawbacks: it is highly durable and has led to
millions of plastics ending up in the seas every year.
Jambeck et al. (2015) state that 8 metric tons of
plastics reach the oceans annually or a full garbage
truck of plastics every minute. Seas which cover
over 3/4 th of the earth’s surface are indispensable
in maintaining climate, sequestration of carbon
dioxide and supporting life. However, these rather
important ecosystems continue being choked by
plastic waste. As is the case with most pollution
hazards, the sources of this pollution come from
effects on the land, industrial discharge and
inadequate waste management, fishing and ship
channel transportation. Rivers work as channels and
transport enormous quantities of plastics to the seas
that only exacerbate the problem (Lebreton et al.,
2017). Recyclable or single purpose plastics,
pouches, bottles, cups, straws, and carrier bags
among others, make up the major chunk. And, as
these are meant for convenience, stays in the
environment for several centuries. In the long-run,
big particles of plastic degrade into tiny particles
known as micro-plastics, a substance that finds its
way to the marine food pyramid. Ding et al., (2017),
explained that microplastics incorporate all marine
ecosystems and are consumed by various marine
species from plankton, fish, birds, marine reptiles
down to cetaceans including whales. We also see
social implications of this kind of pollution besides
the effects on the acual environment. At an economic
level the sectors most affected consist in the fishery
and other services that are based on the health of the
marine systems. Such economic and environmental
costs are already being felt today and are
disproportionately borne by coastal populations
since their food and incomes depend on clean
beaches and fish (Gall and Thompson, 2015). Hence,
regarding this growing problem, multidimensional
and integrated solutions are needed. Some of the
initial measures that must be taken include more
extensive policies aimed at reducing mainland’s
utilization of single-use plastics as well as enhancing
its excrescence in waste management. Potential
solutions exist in the form of new technologies such

as ocean cleanup and availability of biodegradable
products. In addition, people can learn from public
awareness campaigns and voluntary health
campaigns that aims at changing people’s behavior
and advocating for responsible action from every
person in the society. This chapter examines the
effects of plastic pollution in the ocean; its outcome
and the preventive measures that should be taken to
reduce it in the future through sustainable use and
collaboration among all nations.

Reasons Why It Is Crucial to Cope with the
Problem

Marine litter or plastic pollution is one of the biggest
threats facing the world in this century. Plastics on
the one hand and their tendency to be persistent in
the environment on the other have many
consequences on marine ecosystems, economy and
health. This needs to be addressed not only as the
environmental problem, but as the necessary
component in the process of the global sustainable
development and equity.

Environmental Importance

They are important for life on earth and play the
roles of a carbon sink, geo engineering, and source of
life. Plastic pollution disrupts these critical roles in
several ways:

Threat to Marine Biodiversity: Marine litter,
particularly plastic, occurs” in abundance in nearly
every marine ecosystem or habitat and at all depths.
Plastics are confused with natural food by the
marine living organisms and these results to
ingestion, malnutrition and in some cases death
(Gall and Thompson, 2015). Plastic accumulation
impacts 86% of global marine species, and destroys
the home of 25% of all sea life, the coral reefs (Lamb
et al., 2018).

Microplastic Contamination: Downsizing of
plastics into microscale disintegrates and enters the
trophic cycle in marine food web arrangement
challenging all the classes of organisms. This
contamination could be disastrous and lead to upset
of some existing natural balances, including the
ecological balance of the world’s seas and ocean
(Wright et al., 2013).

Economic Importance

Plastic pollution imposes significant economic costs
on industries and communities:

1. Fisheries and Aquaculture: Marine plastics harm
fishing gear and lower fish yields by destroying
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marine habitats and poisoning fish by using plastics
and consume by the marine living organisms and
autonomous individuals who rely on these sectors
including millions of trawlermen (Beaumont et al.,
2019).

Tourism: Such water bodies contribute to loss of
tourists hence revenues for those coastal regions or
countries that depend on such income (Jang et al.,
2014).

Cleanup Costs: The cost of eradicating plastics from
coastlines and marine ecosystems is high as it
otherwise denies more essential development
sectors.

Human Health Risks

The ability of microplastics and toxins associated
with them to infiltrate the human diet gives cause
for alarm. Plastics are recognized to transport toxic
chemicals and pollutants which accumulate in
seafood consumed by humans (Rochman et al.,
2016). This exposure raises serious issues over
possible long term adverse health effects such as
endocrine disruption and carcinogenicity.

Climate Implications

Its production and disposal are linked with the
emission of greenhouse gases that causes climate
change. However, when buried in a landfill, plastic
waste releases methane and ethylene, both of which
are influential green gas emission producers when
sunlight acts on the degrading material (Royer et al.,
2018). Reducing plastic pollution, thus, reinforces
climate change interventions’ objectives.

Alignment with Sustainable Development Goals
(SDGs)

Addressing plastic pollution directly contributes to

multiple SDGs, including;:

e SDG 14 (Life below Water): Reducing marine
pollution protects ocean health and biodiversity.

e SDG 12 (Responsible Consumption and
Production): Promoting sustainable materials
and reducing waste align with circular economy
principles.

e SDG 13 (Climate Action): Limiting plastic
production and waste mitigates associated
greenhouse gas emissions.

Call to Action

Given the multifaceted impacts of plastic pollution,
addressing this issue demands immediate and
coordinated efforts from governments, industries,

and individuals. Solutions must combine regulatory
frameworks, technological innovations, and public
engagement to effectively mitigate the problem and
secure the health of marine ecosystems for future
generations.

Historical Context

Plastic production and the Emergence of the
Sphere

These new plastics emerged in the early part of the
twentieth century and improved and cheap
substitutes for other products across different
industries. Artificial plastic called Bakelite was first
synthesized in 1907 while polythene and PVC,
another kind of plastic, emerged in mid part of
twentieth century (Kalogerakis, 1998). Within the
manufacturing and  post-manufacturing
applications, numerous conventional materials like
glass, metal and wood were replaced quickly with
plastics.

In the 1950s after the Second World War, there
was an economic growth based on this footwear
industry which resulted in a consequent demand for
plastics, something which some scholars refer to as
the “Plastics Age.” Global annual plastic production
increased from 2 million to more than 390 million
tons by 2021 (Plastics Europe... This exponential
growth was owed to the versatility of the plastics,
however, it was also met with a high price to pay to
the environment.

Historical Observations on Marine Pollution
Plastics

When the use of plastic was growing, environmental
impacts due to plastic production were also
growing. Through the 1960s, researchers started
writing papers on the commonality of plastic in seas.
The seafood study of Carpenter (1972) was the first
to report the occurrence of microplastics in water
bodies and was identified to contain small particles
of plastic in the North Atlantic Ocean. This was the
first time when plastic pollution was accepted as an
environmental issue.

The great Pacific rubbish collection

The matters concerning the marine debris, especially
plastics, received international recognition after
discovery of the Great Pacific Garbage Patch (GPGP)
towards the late 1980s. Said to occupy hundreds of
thousands of square kilometers in the North Pacific
Gyre, the GPGP is a garbage patch comprising
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mostly plastic waste. Charles Moore, an
oceanographer, sighted it in 1997 and published the
details in scientific magazines across the globe and
the world Rose wake to the dangers posed by
marine plastic debris on ecological and economic
aspects (Moore et al., 2001).

Recognition of the Global Crisis

Notably, future and studies of the watershed of the
21st century showed that such pollution was not
restricted to certain areas only but was a worldwide
problem. Jambeck et al. (2010) made a simulation
and postulated that between 4.8 and 12.7 million
metric tons of plastic waste were flowing into oceans
from the coastal regions each year. This study
highlighted or reminded everyone of the
significance of a problem and called for collective
effort at the global level.

Cultural and Societal Shifts

The plastic pollution information reached public
domains when the documentary films including A
Plastic Ocean (2016) and The Story of Plastic (2019)
was produced. Such cases like the fight against
single-use plastics which now includes banning of
plastics straws and bags in several countries
exposed the consumers the urgent need to take
action against the problem.

Current Status and Challenges

The generation of the plastics has been on the
increase even though awareness of its menace and
policy measures to the course has been enhanced.
That has derailed attempts to tackle plastic waste
with poor or even regressive waste management
practices especially in the developing world. In the
same year, Covid 19 pandemic contributed to the
increased use of single use plastics including PPEs
and packaging which worsened the situation (Silva
et al., 2020).

Lessons from History

Historically, the journey of plastic waste illustrates
that technological advancement comes with
negative externalities which are not only exemplary
of path dependence, but also portray the hitches
attached to their mitigation. Drawing from
experiences of previous victories like the global
phase out of substances that deplete the ozone layer
under the Montreal Protocol there is no reason to
disagree. Technological, regulatory and societal
intervention measures from all the involved nations

are needed to address this world problem.

Sources of Marine Pollution: Plastic Pollution
Explained (Extended)

The occurrence of plastics in oceans can be from
sources on the land and other from the ocean, and
while each is responsible for contributing to the
issue of plastics, they are not alike. The amount of
plastic waste in the marine environment depends on
various socio-economic, technological and
behavioral characteristics enhanced by deficiency in
infrastructure and governance. Below is a more
detailed exploration of the primary causes,
expanding on the points mentioned earlier:

Land-Based Sources
Inadequate Waste Management Systems

A main cause for this phenomenon is inadequate
waste collection and disposal systems that dispose
of the waste in the oceans. The disposal or the
collection too in many regions globally, and
particularly the developing world, remains weak or
overstressed. Due to inadequate disposal facilities
for solid waste, plastics find their way into the
rivers, water ways and finally make their way into
the sea. There is no recycling system hence
correspondingly significant portion of plastic waste
remains in circulation and even ends up being
dumped in the seas.

* Global Waste Mismanagement: About 80 percent
of the marine debris is attributed to anthropogenic
activities on land as outlined by Jambeck et al.
(2015). Litter that is not managed properly or worse
even inappropriately contained ends up in water
ways which are rivers over to the seas.

The Growth of Cities and The Population

High population growth rates especially in the
coastal region give a boost to the plastic wastes. This
means that, as the population of a particular country
grows, the quantity of the plastics that these people
consume in form of consumer products augments as
will increase the rates of single use plastics
consumption. Large cities contain larger plastic
waste collection as most of it is poorly disposed and
often find their way into rivers and oceans.

¢ Increased Plastic Consumption: The phenomenon
of urbanization has led to the increased use and
disposal of single used products like bottles,
packaging materials, bags and foods containers.
Indoor disposal of these items is inefficient and
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floods local waste disposal systems hence
contributing to plastic pollution (Geyer et al., 2017).

Tourism as a tool for Coastal Development

Tourism contributes greatly to the use, discharge
and disposal of plastics thus emitting high amounts
of plastics into oceans, especially in littoral zones.
Tourism benefits locally based economies through
creating income opportunities but it does so at the
cost of high levels of plastic pollution within coastal
areas where tourists congregate or plastic waste
finds it way into beaches owing to high tide.

® Beach Littering: Coastal tourism areas are visited
by millions of people who consume food and drinks
wrapped in disposable plastics mostly disposed as
litter. This problem is poorly solved due to beaches
poorly cleaning and insufficient waste collection
services (Jang et al., 2014).

Rivers as Conduits

Rivers are involved in the transportation of plastic
materials from land to the world’s seas and oceans.
In another study by Lebreton et al. (2017), Hwang et
al. (2012), Yangtze, Ganges, and Indus are
considered to be the rivers that dump millions of
tonnage of plastic flow in the ocean. Mismanaged
waste from inland sources enters water bodies and
floats downstream where it sets on river delta and
estuaries and finally marine and coastal habitats.

¢ High-Risk River Systems: The large water bodies
contribute to the pollution of plastics since them
arecontain a lot of water, are located near urban
centres and have poor waste disposal systems
(Jambeck et al., 2015).

Ocean-Based Sources
Maritime Industries

Various kinds of ships, the marine industry as a
whole, plays a massive role in plastic pollution in
the seas. Some of the largest.ocean polluters are
cargo ships, offshore platforms, and container ships
discharge plastic waste directly into the sea when
they cannot access a disposal service. Plastic
containers that holds these products are also thrown
into the seas hence during storms or any form of
upset, the containers end up polluting the seas for so
long.

* Disposal of Plastic Waste at Sea: According to
UNEP (2016), the disposal of plastics can be limited
in some shipping companies thus they have
alternatively discharge them into the ocean

intentionally or accidentally.
Fishing Activities

This industry is one of the biggest sources of plastic
waste, regardless of the fact that waste comes from
lost or discarded fishing gear including nets, lines,
and traps. These “abandoned” nets float through the
ocean entangling marine life and degrading to
smaller plastic fragments in the process.

® Lost or Abandoned Fishing Gear: Lost fishing
gear comprises a paramount threat to marine life
since fishing gear that is lost at sea due to bad
weather, equipment malfunction or careless
handling remains a terminal danger to marine life.
These abandoned items, in turn, become chronic
sources of the plastics pollution in the environment
(FAO, 2016).

Tourism

Frequency of tourists in the coastal region engaged
in the use of plastics products in the course of their
vacation, in their foods, beverages and packing
mostly resulting to pollution of the beaches with
plastics. Lack of proper waste disposal in areas that
attract many visitors mostly ends up polluting the
coast with plastics.

e Coastal Tourism Plastic: Coastal tourism vis-a-vis,
shore and beach, point excursions have been greatly
associated with enhanced proliferation of plastics to
beaches and sea especially where little or no
conservation strategies are implemented (Jang et al.,
2014).

Global Production and Use of Plastics
Rapid Growth in Plastic Production

This paper traces the exponential growth of plastics
and identifies technological developments coupled
with higher consumption convenience as key factors
leading to increased plastic pollution in the oceans.
Plastics are defined as organic materials available in
a wide range of products from the early synthetic
plastics of 1900 to the post-war production boom.
Nevertheless, their applications are rampant and
have become unsustainable leading to generation of
unnecessary plastic, and the ability of the recycling
and waste management systems to handle this type
of waste has been outcompeted across the world.
Global Plastic Production: The world has
produced between 2 million and 390 million tons of
plastic per year since the fifties and the majority of
this plastic becomes waste (Plastics Europe, 2021).
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Single-Use Plastics

Single use plastics including bags, bottles straws and
packaging are some of the types that have provoked
plastic pollution in the ocean. They are utility
products which are generalized and usually single-
use items that tend to rapidly contribute to the
pollution of the seas.

Disposable Plastic Products: Single use plastics is
one of the most common sources of litter that end up
in the oceans, with over several billions of these
items being chucked in the environment every year
without adequate disposal channels (Thompson et
al., 2009).

The conclusions of this give an account of the
earmark feature of plastic in marine surroundings.

Marine pollution by plastics is actually becoming
one of the most severe environmental issues across
the world. Due to its global scale and prevalence, the
presence of microplastics in the environment, in
water and soil, its persistence in the ecosystem, and
negative effects on sea life and people, its
mechanisms of action need empirical elucidation.
This section discusses the different scientific
concerns that go with the issue on plastic pollution
on oceans and.the possible solutions.

Sources of Plastic in Marine Environments

e Marine litter pollution comprises of several
sources that include coastal and offshore sources.
Understanding of those sources in terms of
scientific rationality enables one enhance the
fight against plastic pollution by reducing
leakage into the oceans.

e Land-Based Sources: A study by Jambeck et al.
(2015), the estimates showed that 80% of the
ocean plastic litter comes from land. This
encompasses wastes from badly handled urban
areas, industries, and agricultural lands that
rivers and finally the ocean.

¢ Ocean-Based Sources: Other sectors that are seen
to contribute greatly to plastic pollution include
marine sector including navigation, fishing and
coast tourism. Trawling, lost and derelict fishing
gears and direct discharges from vessels mean
that high levels of plastic input is recorded in
marine ecosystems (FAO, 2016).

The overview of Distribution and Transport of
Plastics

e Spatial and temporal distribution of plastics in
marine ecosystems is affected by currents, tidal
forces and human activities. There is plastic

debris which is smaller than 5mm in size and is
spread widely throughout the sea known as
microplastics.

¢ Ocean Currents: Out of the five major ocean
gyres in the world, the Great Pacific Garbage
Patch is included as a point where plastic is
collected. These large circulating currents
compact plastics over extensive ocean territories,
entailing the development of marine debris
hotspots (Law et al., 2010).

® Microplastics: The current Academic literature
demonstrates that microplastic, which is formed
through the degradation of macroplastics, is
ubiquitous within marine systems. These
microplastics have been identified in surface
water, sea bottom and different marine animals
(Browne et al., 2011).

Impacts of Plastic Pollution

¢ Thus, plastic in the oceans has inevitable effects
on biological, and ecological systems and
physiological health of humans. This work also
shows that plastics cause habitat pollution which
inflicts direct and indirect negative impacts on
marine life, creating ecological disturbances and
economic losses.

e Impact on Marine Organisms: Leats, seabirds,
fishing forage fish and turtles bring plastic in to
their system by mistaken identity and therefore
consume it. Microplastics threatens these
organisms through digestion, entanglement and
toxins that result from the ingestion of plastics
(Thompson et al., 2004).

e Bioaccumulation and Trophic Transfer: Plastics
are sponges for chemicals, toxins which are
ingested by marine life, and passed from one
organism to another. This results into
accumulation or bio-accumulation of such things
like the Persistent Organic Pollutants (POPs)
which have long environmental impacts
(Bergmann et al., 2017, p. 190).

e Economic Impact: The negative economic
impact of plastic pollution include effects on
fisheries, tourism and the structure of marine
economy. For example, eroded and polluted
coastal lines, contaminated beaches cause loss of
tourist income (GESAMP, 2015).

Solutions and Mitigation Strategies

The deep control of the pollution involves the top
notch knowledge combination with the policy
interferences as well as changes of people’s
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behaviors. New scientific does play a significant role
in the formulation of solutions that would help in
mitigating the problem of plastic leakage into the
oceans.

* Reduction of Plastic Production: There are
scientific researches of climate if to create
biodegradable plastics and if to enhance the
effectiveness of the types of recycling of plastics. In
their own perspective, Geyer et al. (2017) and as
discussed in the previous part, implementing
circular economy concept can reduce plastics waste.
* Waste Management Technologies: The efficient
waste management-waste to energy and mechanical
recycling are being applied to collect and sort the
waste to prevent its leakage into the seas (UNEP,
2018).

e Public Awareness Campaigns: Other measures
comprise changing the behavior of community
through awareness creation on reduction of plastics.
The war on single-use plastics is slowly intensifying
across the world (Oceana, 2018).

Research and Monitoring

Therefore, constant scientific research is vital to
deeply unravel ocean pollution by plastics. This
consists in surveillance, risk evaluation procedures
and data records to detect the extent of plastics
diffusion and the improving the efficiency of control
measures.

® Marine Research Initiatives: Global research
programs including Oceans Plastics Lab, actively
pursue for the design and implementation of new
monitoring tools to identify and quantify plastics in
the marine environment. These are; employing
geographic information technologies or systems and
high density sampling systems to sample the larger
ocean basins (Galgani et al., 2015).

¢ Collaboration and Data Sharing: Some of the
associations include the ones of International
Oceanographic Commission (IOC) which allows
creating data-sharing platforms that can help
researchers all over the world contribute to the
study of plastic pollution IOC-UNESCO, 2019).

Effects of Plastic Pollution

Plastic pollution in the seas has global effects that
affect seas and oceans, sea life, human beings, and
the economy. These impacts reach right from the
individual biotic components to entire ecosystems in
the global world. Knowledge of these effects cannot
be overemphasized in trying to solve the
environmental problem that plastics cause.

Impact on Marine Life

Negative effects of plastic pollution on marine life
can be classified as direct and indirect impacts.
Pollutants, especially plastics inflict physical injuries
and toxic effects to a myriad of marine organisms,
species and ecosystems, disturbing feeding
relationships and general harmony.

Entanglement

Industrial products like fishing nets, ropes, and
plastic packs are common global pollutants which
frequently enter ocean water endangers with marine
lives. Depending on the species, entanglement
causes injuries and death in seabirds, turtles, and
marine mammals.

¢ Impact: For instance the albatrosses have been
identified to feed on plastics and this leads to a
digestion issue which ultimately results in starvation
and death (Ryan, 2009).

Ingestion

Some of the main impacts include ingestion of
plastic particles by many marine organisms such as
fish and filter feeders many of which mistake
plastics for food. These plastics result in blockage of
the digestive system, deficiency in nutrients and
injuries of internal organs.

® Research: Observing the results of Lusher et al.
(2017) it is concluded that microplastics content is
high in marine species such as plankton, bivalves,
and fish which are affected by their negative impact
on health.

Bioaccumulation of Toxins

They accumulate persistent toxic substances from
the environment including POPs, heavy metals and
endocrine disruptors. These toxins bioaccumulate
and the various animals eaten are concentrated with
the toxin in the food chain.

¢ Study: In their study, Bergmann et al. (2017) argue
that plastics transport toxic substances into the
aquatic system, accumulate in marine life and
consequently re-circle to the super-organisms at the
top end of the food pyramids.

Interference with Marine Communities

Pollutants particularly plastics have a disturbing
impact on aquatic lives and here are some of the
ways where marine ecosystem is affected. Plastics
change abiotic components, directly and indirectly
decrease species richness, and affect the roles of
ecosystems.
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Habitat Destruction

Much in the same way, the accidental discharging of
fishing gears, similar to fishing nets, and plastic
particles degrades numerous habitats to the marine
wildlife. Marine life such as corals, seabed and
coastal habitat is adversely affected through
entanglement or through burial by plastic wastes.

¢ Impact: Plastic waste sinks to the offshore sea floor
resulting in the destruction of the coral ground and
other benthic habitats, in turn the effect bottom
dwellers and species that associate with coral reefs
(Krantzberg et al., 2017).

Reduction in Biodiversity

Through the change of food chain and killing of the
marine life plastic pollution results in a reduction of
marine diversity. This lowers densities and gene
pool for species in the ecosystem which makes the
ecosystems unbalanced.

e Research: Derraik (2002) shows how plastics result
in changes of species distribution and population
densities that result in loss of species diversity in
oceanic systems.

Loss of Ecosystem Services

Marine ecosystems offer a number of functions as
the coastal protection, carbon storage, and nutrients’
cycling functions. Schemes of plastic pollution
undermine along these services with impact to the
economy and the ecology.

e Study: Folke et al. (2011) stress that plastics have
led to loss of ecosystem services, less production
capacity and decreased ecosystem stability.

Economic Consequences

Marine pollution from plastic impacts the different
sectors which include fishery, tourism, shipping, and
offshore structures. These industries experience
economic loses through damages occasioned by
pollution.

Impact on Fisheries

The effects of plastics within fisheries are that they
affect fishing species and alter the natural webs
which are within the ocean. When plastics are
ingested they result in reduced fish stocks,
decreased catchment capacity and damaged fishing
equipment.

e Impact: GESAMP (2015) concludes that through
reduced fishery yields and fishing nets
entanglement, the discoloration of plastic cost the
fishing industry billion annually.

Tourism Impact

Tropical litter has an impact on the seaboard, coastal
habitats, and marine tourism destinations since this
hampers tourism activities in the areas. Which in
turn results in loss of tourism revenue of the affected
coastal areas?

® Research: According to Jang et al. (2014) aesthetics
of beaches crowded with plastics also contributes to
the negative perception to travelers and therefore
affects business that Department of Tourism-
dependent economies reap from coastal tourism.

Impact on Marine Structures

It impacts demersal fish stocks affecting
economically important species, and damages
marine structures for example ports, ships and
offshore oil rigs. They can harm marine equipment,
contaminate water and even lead to high
maintenance charges.

® Study: As discussed by UNEP (2018), marine
plastics have been seen to cause costs related to
maintenance of port authorities and offshore oil
platforms hence exerting impacts on economy.

Human Health Risks

Marine plastics are thus a threat to human health
through contact with contaminated seafood and the
toxicity of the plastics themselves, and also through
microplastics entering drinking water.

New Toxicity Pathways

Much of seafood comes from the sea and if this
water is enriched with toxicants then consuming
such fish exposes one to toxicants.

Seafood is another way through which humans
come face to face with plastics because the
microplastics have been detected in fish, seafood
and any other water products.
¢ Impact: According to WHO (2019), the
concentration of microplastics in food are dangerous
as they pose threat to human health particularly to
the digestive system all over the body.

Toxic Exposure

Marine plastics work as ‘sponge’ to accumulating
dangerous chemicals like PCBs and heavy metals
the later can dissolve into water and build up in
seafood, and present dangerous effects to humans.
* Research: Using the data from a survey, van
Sebille et al. (2016) demonstrate that chemicals
resulting from plastics can dissolve in ocean water,
which consequently affects consumers of seafood.



PLASTIC POLLUTION IN OCEANS: CAUSES, CONSEQUENCES AND SOLUTIONS 167

Technological and Innovative Solutions

Solutions to the problem of plastic pollution in the
marine ecosystem therefore call for technological
and innovative methods of stopping them,
removing them and recycling them. These solutions
intervene to decrease the general use of plastics,
avoid unnecessary production of plastic products,
improve waste collection and disposal structural
features, and recycle waste.

Prevention Strategies

Reducing the use of plastics as well as properly
disposing of these non-biodegradable products is
one of the best NZEBs strategies to help stop plastic
pollution affecting sea life. There are potent ways,
methods, technological advancements, and even
strategies by which the use of plastic can be
prevented or plastics from finding their way to the
seas.

Eco-Friendly Alternatives

Biodegradable plastics and other recyclable
materials are the advancement that can be
contrasted with normal plastics indicative of marine
settings. These materials degrade faster and hence
minimises on the pollution that is likely to be
produced in the future.

Innovation: Manufacturing of polymers for PLA
and PHA has been on the rise as environmental-
friendly plastics (Rillig et al., 2017).

Improved Product Design

Applying circular economy approaches to manage
the design of products is useful in managing plastics
waste. This shows that if designers incorporate long
lasting, easily repairable and recyclable designs, the
lifecycle is likely to be elongated thus reducing
wastes.

Technology: Lifecycle design for recycling promotes
for products to incorporate the concept of recycle-
friendly design hence making plastics become easier
to recycle instead of designing products that cannot
be recycled (MacArthur Foundation, 2015).

Education and awareness campaigns

It is important to create awareness to people across
the world on the effects of plastic pollution to
marine life. Sustainable educational initiatives
utilise new communication technologies, social
platforms and networks, community programmes
and campaigns to appeal in relation to proper plastic
utilisation and disposal.

Impact: The Plastic Pollution Coalition and Clean
Seas Campaign have effectively advocated for
plastic free lifestyle reaching millions through
technology (UNEP, 2020).

Waste Management Technologies

There is nothing more critical to determine the
effectiveness of waste management in addressing
plastic pollution than having proper technologies in
waste collection, sorting, recycling and disposal.
New technologies in the management of waste
ensure that plastics which are dumped into the seas
are intercepted and recycled.

Out of the Jobs: Energy-Environment matrix, the
particular set of concepts from the level 1 is defined
as: technological improvements in waste
management and recycling techniques have
presented better means of handling plastic wastes
for better recovery of the products. The process of
chemical recycling and thermal cracking are used
for the effective degradation of plastics into useful
components.

Technology: For instance, pyrolysis and solvolysis
recyclability makes it possible to recover valuable
monomers and polymers from the plastics (Leal et
al., 2018).

Enhanced Techniques in Waste Management

Advanced technological solutions affecting garbage
collection and sorting including smart bins and
robotic technologies improve on waste collection
and thus increasing the rate of plastics collection for
recycling.

Innovation: Smart bins both automated waste
collection systems and Internet of Things (IoT) bins
incorporate sensors for route optimization and
enhanced plastic recovery of waste collection
(Viklander et al., 2018).

Floating Trash Collectors

Booms and barriers, which come in form of called
the Ocean Cleanup project, arrest plastics in seas
and oceans and may have additional features or not
depending on the project. These interventions
involve different large-scale removal of plastics
where filtration technologies and floating booms are
used.

Solution: The largest activities employing nets of a
large size are tied to the removal of plastics from
gyres and ocean currents implementing the Ocean
Cleanup project (Ocean Cleanup, 2019).
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Bioremediation Techniques

Bioremediation which exploits native process and
microorganisms in the environment seek to bio
degrade the plastics in oceans. The eco-solutions in
the form of biological treatments for the breakdown
of plastics by bacteria and enzymes are under
development.

Enzyme-Based Degradation

Scientists have genetically designed enzymes that
can breakdown plastics including polyethylene and
polyesters. These bio-tools provide environmentally
friendly and biodegradation solutions to plastics.

Research: McGee et al. (2020) discovered that
different types of bacteria like Gloeobacter violaceus
can break down plastics and minimize pollution.

Marine Microorganisms

Small sea organisms being found to naturally break
down marine plastics through a process known as
bio-degradation. It is noteworthy that these
microbes can biodegrade plastics into comparative
innocuous substances such as carbon dioxide and
biomass.

Innovation: Fora, some algal species and bacteria
that are known to degrade plastics could be used to
minimize the amounts of plastics present in oceans
(Thakur et al., 2019).

Circular Economy Approaches

Introduction of circular economy means the reuse of
plastics in a closed system and thus reduce, reuse
and recycle them. Sustainability innovations in the
management of plastics and technological
advancement supports reuse and recycling of
plastics.

Plastics as a Resource

Innovative approaches are mostly directed towards
the reuse of plastics by converting the waste to a
useful product. Plastics cycled back into the market
as materials means waste becomes valuable for
companies in the construction, packaging and
automobile industries. Example: Plastics for Change
aims at supporting social enterprises by turning
used plastics into new products while enhancing the
economy.

Supply Chain Transparency

The application of block chain technology to rethink
plastic supply chains guarantees accountability. It
assists in finding sources of origin of plastics and

enhanced identification in cycling procedures.
Technology: Displacing plastics supply chains with
smart contracts, ReFlow envisions to facilitate
analytics and real-time monitoring of supply chain
processes to encourage either recycling or disposal,
while streamlining sustainable manufacturing
(Chow et al., 2018).
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