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ABSTRACT

Aquatic species and ecosystem health are significantly impacted by marine plastic waste,
which has become a global environmental emergency. This analysis highlights the wide
distribution of plastic pollution from coastal seas to the deep sea by examining its sources,
kinds, and transport mechanisms. Physical harm from eating and entanglement,
toxicological consequences from chemical leaching and pollutant absorption, and
disturbances in behavior and reproduction are some of the main effects on marine creatures.
Plastic waste changes habitats upends food webs, and affects the dynamics of microbial
communities by forming plastispheres at the ecosystem level. The efficacy and limitations
of current mitigation strategies, including source reduction, cleanup campaigns, and
legislative actions, are assessed. The assessment also points out areas that require more
investigation, especially to comprehend the long-term ecological effects and develop
sustainable substitutes for traditional plastics. This study emphasizes how urgently
international cooperation is required to combat marine plastic pollution to protect
biodiversity and preserve ecosystem integrity.
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INTRODUCTION

The Marine and coastal environment is a highly
productive zone consisting of different subsystems,
such as coral reefs and seagrasses. It is a complex
environment with rich biodiversity ranging from
various primitive (horseshoe crabs) to advanced
organisms (dolphins). The marine environment is

the vast body of water that covers 71 percent of the
earth's coverage. However, the global ocean
system is divided into five major oceans and many
seas based on historical, cultural, geographical, and
scientific characteristics, and size variations. Five
ocean basins, i.e., Atlantic, Pacific, Indian, Arctic,
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and Antarctic, are the most known marine systems
invaded by humans. The accumulated plastics in
the ocean basins can be broadly classified into four
levels based on their sizes: megaplastics,
macroplastics, mesoplastics, and microplastics.
Microplastics are found in  commonly
manufactured, commercial products such as
personal care and cosmetic products or
microplastic particles produced from in-situ
environmental degradation and  subsequent
fragmentation of larger size plastics by physical,
chemical, and biological processes [1].
Microplastics are mostly abundant in marine and
coastal systems, while synthetic pollutants
chemically interact with organic pollutants and
metals [2]. The density of microplastics also affects
the distribution of microplastics in the water
column. Polypropylene (PP) and polyethylene (PE)
float in water due to the low density of plastics,
while polystyrene (PS), polyvinyl chloride (PVC),
polyamide (PA), and polyethylene terephthalate
(PET) with higher density do not float in water, but
deposit by inclination through the water column.
Accordingly, coastal and marine systems widely
distribute microplastic pollutants in every sub-
zone/layer (pelagic and benthic). Salinity is one of
the key factors affecting the chemical degradation
of plastic. Hence, coastal and marine systems,
which range at approximately 0.5-35/00 (ppt: parts
per thousand) of salinity, are highly susceptible to
the formation of microplastics. Accordingly,
scientific evidence of the distribution and
persistence of microplastic pollutants must focus
on ocean basins and coastal ecosystems to identify
the nature of the emerging issue [3].

Potential Effects of (Micro) Plastics on Marine
Ecosystems

The impacts of plastics on marine ecosystems
range from direct health effects in marine
organisms, due to ingestion or entanglement in
litter and fishing gear, to hitchhiking (i.e., attaching
to and floating with plastics) of organisms,
including invasive species and pathogens, to
impacts on fisheries (including damaged gear,
decreased catches), to loss of ecosystem services
(GESAMP 2015). Research on microplastics
indicates that ingestion of microplastics by marine
organisms can cause a range of effects, including
blockage of intestinal tracts, inflammation,

oxidative stress, hormone disruption, reproductive
impact, and metabolic and behavioral changes [4].
However, recent research finds that exposure to
smaller, nanoplastic3 particles is more likely to
cause adverse outcomes [5]. The impacts of micro-
and nanoplastics on marine environments at the
ecosystem level are largely unexplored but may
include changes in nutrient cycles and food chains
as well as changes in microbial communities
growing on plastics [6]. Although some research
has indicated that microplastics may cause several
effects, current research is dominated by two
opposing views: microplastics have clear impacts
on marine ecosystems [7], and the current risks
associated with microplastics have thus far not
been proven to exist [8]. However, many
frequently used chemical additives in plastic
products have been found in marine ecosystems
[9]and these chemicals cause endocrine disruption,
developmental disorders, and reproductive
abnormalities in a wide range of vertebrate species
(including fish and marine mammals) [10]. The
sources of these chemicals in marine environments
may be linked to leachates from plastic debris (i.e.,
chemicals such as flame retardants, phthalates, and
phenols may leak out of plastic objects into
marine3Nanoplastics are particles that range in size
from 1 to 1000 nm, or 109 to 106 m. For
comparison, a strand of human DNA is 2.5 nm in
diameter and a human hair is approximately
80,000-100,000 - nm.  wide. Marine Plastic
Pollution: Sources, Impacts, and Policy Issues
319waters) or diffuse sources (e.g., wastewater,
sewage, atmospheric deposition), which result
from the pervasive use of plastics and chemicals
worldwide [11].This review aims to thoroughly
investigate the widespread problem of marine
plastic pollution, emphasizing the kinds, sources,
and modes of transportation of this material in
aquatic habitats. In addition to the more general
ecological repercussions on ecosystems, food
webs, and microbial communities, it seeks to
examine the complex effects on marine life,
including behavioral, toxicological, and physical
implications. Along with identifying research gaps
and suggesting future options for tackling this
pressing environmental issue, the review also aims
to assess current mitigation techniques, such as
prevention, cleanup initiatives, and legislative
interventions.
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Marine plastic pollution: Sources, Pathways
and Estimation

Notwithstanding these studies, the global research
agenda on marine plastic pollution gained
momentum after the first two conferences
organized by the US National Marine Fisheries
Service in Honolulu between 1982 and 1984 [12].
The prevalence of litter in the open oceans is
highlighted by numerous images of plastic
showing on shorelines and flowing into rivers
before entering the oceans and by the fact that
every year large quantities of litter are collected by
ocean cleanups around the world. For instance, the
2017 cleanup event showed that the dominant top
items collected around the globe based on item
counts of coastal litter were all made of plastics,
which was repeated during the 2018 cleanup event
[13]. Meanwhile, some studies provide estimates
of marine plastic debris. As recently reported by
Eriksen et al.[14], an estimated figure of the
volume of plastics floating in the oceans, and found
that more than five trillion pieces of plastic and
approximately 268,940 tons are currently floating
in the oceans. The estimation however excluded
plastic litter on the seafloor. The widespread use of
single-use plastic and unmanaged disposal of litter
along with poor waste management and recycling
practices contribute to the growing accumulation
of litter in the oceans. In terms of transportation
pathways, leakages from ‘municipal solid waste
streams which ultimately end up in the seas have
been viewed as an increasing source of plastic
debris in the oceans [15]. Results from studies
estimating MPP—covering both ocean and land-
based sources—indicate these are very large [16].
The total plastic pollution of 15 million metric tons
per year is estimated. These estimates were based
on compilation from previously published sources.
The marine environment has become a substantial
reservoir for plastic litter with huge negative
effects [17]. The definition of marine plastic debris
deepened necessitating studies on other sources
and forms of marine debris [18]. A new perspective
to this debate found microplastic in Arctic polar
waters and suggests that the accumulation of
plastic can be attributed to transporting agents such
as ocean currents, winds, and tides. These agents
enhance the transport of plastic to remote regions
far from the sources. Inland populations contribute
between 0.79-1.52 million tons per year of plastic

to oceans through river transport [19]. Their
findings were based on plastic inputs from inland
areas (>50 km from the coastline) to oceans. By
analyzing the distribution and abundance, plastic
litter can be found in marine ecosystems, including
beaches, shorelines, surface waters, and on the
seafloor [20].

Different types of plastics

The main types of plastics that are manufactured2
are resins, i.e. polyethylene (116 Mt),
polypropylene (68 Mt), polyvinyl chloride (38 Mt),
polyethylene terephthalate (33 Mt), polyurethane
(27 Mt), and polystyrene (25 Mt), along with 59 Mt
of (polyester, polyamide, and acrylic) fibers, plus
25 Mt of ‘additives’. Very many commonly used
items are made from various types of plastics, for
example, those shown in Figures 1 and 2. The golf
ball, shown in Figure 3, is an example of an object
made from a combination of different plastics,
consisting of a polybutadiene rubber core,
surrounded by a hard ionomer resin shell. Some
other representative examples of plastics in
common use are given in the following list. °
Polyamides (PA) (including nylon): fibers, bristles
for toothbrushes, tubing, fishing line, and low-
strength components, for example, engine parts or
gun frames. Polycarbonate (PC): compact discs,
eyeglasses, riot shields, security windows, traffic
lights, ‘plastic’ lenses, and smartphone unibody
shells (Figure 1). ¢ Polyester (PES): fibers and
textiles. ¢ Polyethylene (PE): used to make cheap
packaging and wrapping materials, along with
disposable supermarket shopping bags, and plastic
bottles. « High-density polyethylene (HDPE):
detergent bottles, milk jugs, and molded plastic
cases, to contain various items. ¢ Low-density
polyethylene (LDPE): garden furniture, floor tiles,
shower curtains, and clamshell packaging. -
Polyethylene terephthalate (PET): bottles to hold
carbonated drinks, food jars, plastic films, and
microwavable packaging. ¢ Polypropylene (PP):
bottle caps, drinking straws, yogurt containers,
household appliances, tables and chairs, car
bumpers (fenders), and pipe systems designed to
withstand pressure. * Polystyrene (PS): loose foam
packaging, food containers, plastic tableware,
disposable cups, plates and cutlery, and boxes for
compact discs and cassettes. ¢ High impact
polystyrene (HIPS): refrigerator liners, food
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packaging, and vending cups for drinks. -«
Polyurethanes (PU): foams for cushioning, foams
to provide thermal insulation, surface coatings,
rollers for printing, and is the most common plastic
currently used in cars. ¢ Polyvinyl chloride (PVC):
pipes for plumbing and guttering, doors, and
frames for doors and windows, flooring material,
shower curtains. ¢ Polyvinylidene chloride
(PVDC): food packaging film, such as Saran. °
Polybutadiene: car tires, to increase the impact
resistance (toughness) of plastics such as

polystyrene and acrylonitrile butadiene styrene
(ABS), and to make golf balls (Figure 5).
Acrylonitrile butadiene styrene (ABS): computer
monitors, printers and keyboards, drainpipes. ¢
Polycarbonate/acrylonitrile  butadiene  styrene
(PC/ABS) blend a stronger plastic used to make the
interior and exterior parts of cars, and the unibody
shells of mobile phones. .
Polyethylene/acrylonitrile  butadiene  styrene
(PE/ABS) blend a low-friction (slippery) material
which is used in low-duty, dry bearings.

Figure 1: A variety of household objects made out of plastic.

From top left to bottom right: measuring cup, tape
dispenser with tape, cooking timer, plastic jug, pill
container, medical inhaler pump, plastic fold-top
sandwich bag, crocodile clip, CD. Credit: ImGz,
https://
upload.wikimedia.org/wikipedia/commons/b/b2/P
lastic_ household_items.jpg [21].

Figure 2: Smartphone with a polycarbonate
unibody shell and Golf ball, consisting of a
polybutadiene rubber core, surrounded by a hard,
polyethylene ionomer resin shell [21].
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Microplastic and macroplastic:

Debris is generally assessed according to size:
macro plastics, i.e. plastic items superior to 5 mm,
and microplastics, i.e. plastic items inferior to 5
mm [22]. More precisely, micro plastics can be
classified as (i) primary micro plastics that are
specifically engineered to be used in this form,
mainly in cosmetic products or as preproduction
pellets, and (ii) secondary microplastics that come
from the degradation of larger plastic items mainly
due to photo-degradation or mechanical action
[23]. In the continental aquatic environment,
micro-plastic assessment is conducted to estimate
contamination of the environment and the
influence of anthropogenic activities (e.g., and also
to evaluate microplastic ingestion and impact on
organisms [24]. With regards to macroplastic; it is
widely considered that around 80% of marine
debris is from land-based sources even though a
recent study estimated that 30% of coastal plastic
debris comes from marine activities and 47%
corresponds  to  unidentifiable  fragments.
Therefore, the macroplastic assessments from in
situ sampling aim to both quantify the floating
debris [25] and estimate the riverine plastic fluxes
or plastic exported to oceans [26]. The mass
estimate of continental plastic waste entering the
ocean can also be calculated using a statistical
approach based on governmental databases as
exposed by [27].

Mechanisms of Plastic Pollution in Agquatic
Environments

Marine microplastics have a wide distribution in
the world. In coastal regions, landbased sources are
considered to be a major contributor to marine
plastic debris [28]. For coastal areas, plastics can
be directly released to the ocean by mismanaged
dumping, or from shipping and recreational
activities. Lebreton et al. (2017) estimated that
between 1.15 and 2.41 million metric tonnes of
plastic waste enters the ocean every year from
rivers. Schmidt et al. (2017) revealed that rivers are
a major pathway for plastic transport into the sea,
which contributes between 80% and 94% of the
total plastic load. The nearshore plastic
concentrations have a strong correlation with the
coastal population [29]. The highest abundance of
microplastic debris has been observed through
numerous field surveys in rivers, harbor areas,
tourist beaches, as well as nearby industrial areas
[29]. Simulating the transport of microplastics is
challenging because the transportation includes
physical, chemical, and biological processes.
Moreover, the physical properties (e.qg., size, shape,
density, buoyancy) of microplastics, which vary
considerably, influence their transport. The
transport process of floating plastics in the ocean is
primarily determined by dynamic conditions, such
as wind forcing and geostrophic circulation. The
circulation pattern results in surface accumulation
zones that are characterized by convergent particle
paths, including plastic debris in subtropical gyres
[30]. A subtler influence on the distribution of
floating microplastics is that of the wind. Besides
wind-driven currents, wind waves induced Stokes
drift, which can be locally responsible for
microplastic transport in shallow coastal waters
because of nonlinearity. Onshore transport of
drifting microplastics in coastal waters is caused by
a combination of surface residual currents, wind,
and Stokes drift [31]. Iwasaki et al. (2017) used a
wave model to calculate the Stokes drift and found
that the transit time was drastically reduced by
considering such drift. These results indicate that
Stokes drift plays an important role in coastal
microplastic transport.
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Figure 3:Schematic of the transport pathways of microplastics in the ocean (modified from Welden and Lusher
2017 [32].
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common plastics such as polyethylene (PE) and

uv radiation-driven photo-oxidation

and formation of microplastics

Pathways of UV-induced transformation of
plastics have been identified [33].Direct exposure
of plastics to solar UV-B radiation induces free-
radical photoreactions resulting in the photo-
oxidation of the plastic (Fig. 1). Exposure of a
photosensitizer (e.g. dissolved organic matter
(DOM)) can also result in the degradation of some
plastics via the production of hydroxyl radicals and
other reactive oxygen species [34]. The consequent
deterioration of physical properties, surface
erosion, and discoloration, are referred to as
weathering. Exposure to UV radiation renders

polypropylene (PP)] weak and brittle. This makes
them more susceptible to fragmentation under
environmental mechanical stresses [35]. which
leads to the release of microplastics and
nanoplastics into the environment (Fig. 4). Some
fragmentation can also occur due to mechanical
forces alone, for instance, during agricultural
processes (Sect.4.2) and in the marine
environment [36]. To counter weathering and the
deterioration of mechanical properties, the practice
of adding UV-protective substances to plastics is
widespread, prolonging the useful lifetimes of
plastic products used outdoors [37]

Figure 4: Conceptual diagram depicting the formation of micro- and nanoplastics under natural conditions.
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UV radiation and mechanical stress (not shown)
drive the weathering and fragmentation of larger
plastic waste into smaller fragments and other by-
products (e.g. CO2, CH4, and leachates; not shown
in the figure) [38].

Degradation of plastics occurs through two basic
mechanisms: (1) photo-oxidation followed by
fragmentation and release of dissolved organic
matter (DOM); and (2) mineralization.
Mineralization refers to the final step in the
degradation process where the plastics are
decomposed, usually oxidatively, into inorganic
end-products such as water and carbon dioxide.
Fragmentation, DOM release, and mineralization

processes occur concurrently in the dark, but rates
are enhanced, albeit to a variable extent, in plastics
exposed to solar UV radiation [39]. Solar UV-
facilitated oxidation, and subsequent
fragmentation, produce large numbers of nanoscale
or very small microscale plastic fragments [40].
However, leaching of DOM from solar UV-
exposed plastics under outdoor conditions has been
reported, indicating at least the partial conversion
of a fraction of the plastics into water-soluble
organic compounds [89]. Nevertheless, even under
accelerated exposure the process is slow, and it
might be speculated to be even slower in natural
environments.

Figure 4: Effects of UV(-B) radiation on plastic litter in various environmental compartments.
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In the atmosphere, micro- and nanoplastics are
exposed to high levels of UV-B radiation; only
aerosols and clouds provide a partial UV screen. In
aquatic environments, UV-B radiation penetrates
only to a limited extent into the water column,
leading to a gradient of UV-B varying from high
exposure at the water surface to virtually zero
exposure deeper in the water column and within
sediments [38].
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Effects of Plastics on Marine Biodiversity

The magnitude of plastic pollution carried to sea
has significantly multiplied over the past several
decades. Oftentimes, wildlife is injured due to
entanglement or ingestion of the plastics found in
the environment. For Procellariiformes such as
albatrosses, shearwaters, or petrels, the appearance
of eroded plastic pieces is similar to the many types
of food they consume [41]. Microplastics resemble
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phytoplankton which are eaten by fish and
cetaceans [42]. Ingested plastic debris has been
found to reduce stomach capacity, hinder growth,
cause internal injuries, and create intestinal
blockage. Plastic entanglement with fishing nets or
other ring-shaped materials can result in
strangulation, reduction of feeding efficiency, and
in some cases drowning [43]. Due to natural
curiosity, pinnipeds often become entangled in
marine debris at a young age, which can constrict
their body as they grow thus reducing quality of
life. Globally, at least 23 % of marine mammal
species, 36 % of seabird species, and 86 % of sea
turtle species are known to be affected by plastic
debris [44].

Sea Turtles:

Numerous autopsies have shown that ingested
plastic and tar are the primary culprits of stress and
non-natural death for sea turtles. Debris including
fishing lines, ropes, nets, six-pack rings,
Styrofoam, and plastic bags have been extracted
from turtle digestive tracts. Plastic bags floating in
the water strongly resemble the shape of jellyfish,
a primary food source for sea turtles, thus resulting
in the ingestion of the bags [45]. Due to
anthropogenic  impact, the population of
leatherback sea turtles (Dermochelys coriacea) has
steadily declined over the last two decades, placing
them on the [IUCN’s critically endangered list [46].
For the last 40 years, of the 371 autopsies
conducted on leatherback turtles, 37.2 % of them
had plastic in their gastrointestinal tracts [47].
Although it is not known if the plastic ingested was
the cause of death, 8.7 % of the turtles had a plastic
bag presumably blocking the passage of food.

Plastic has also been found to block the passage of
female eggs. In a documented study, researchers
removed 14 pieces of plastic from a female cloaca.
This enabled the eggs to be laid, but an indication
of internal damage remains [48].

Birds:

Small plastics such as bottle caps are often
mistaken by seabirds (Procellariiformes) for food.
In several studies, it was found that diving birds
that fed on fish in the water column had less plastic
in their stomachs compared to those that were
surface eaters [41]. This could be because birds that
maintain a diet of zooplankton may be unable to
distinguish between plastics and their primary food
source due to the plastic pieces' color or shape.
Since most adult birds regurgitate what has been
ingested as a way to feed their chicks, they pass the
bolus containing the plastic pieces onto their
young. Birds such as the albatross and shearwater
had more plastic in the first region of their
stomachs and gizzards, indicating that when these
plastics were regurgitated, they would be passed to
their young during feeding (Moser and Lee 1992).
Juvenile albatross and shearwaters were found to
ingest more plastics than adults [49]. Similar to
other marine life, swallowed plastic can obstruct
and damage a bird’s digestive system, reducing its
foraging capabilities. Ryan (1988) concluded that
ingested plastics could reduce the fitness, growth
rate, and food consumption of seabirds, based on
the results from a study using domestic chickens
(Gallus domesticus). The amount of plastic
ingested by different species of birds may be an
indicator of the accumulation of plastics in an area
[50].
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Figure 5: Effects of Plastics on coastal and marine biota: a)

Plastics ingestion by a blue shark: Priona ceglauca
of Carlos Canales-Cerro (Thiel et al., 2018; photo
authorship: Dr. Carlos Canales-Cerro), b)
Attachment on plastic debris by Goose Barnacle,
Lepas anserifera (photo authorship:

J.D.M. Senevirathna), c) Partial cover of
macroplastic ~ pollutants on Rock Oyster:
Saccostrea forskalii colony (photo authorship:
J.D.M. Senevirathna), d) Entanglement of nestling

in a synthetic plastic string [3].

Table 1: Classification of plastic debris is mainly according to their sizes

Classification 1 <5mm [51]
Micro-debris 5-20mm

Meso-debris >20 mm

Macro-debris > 100 mm

Mega-debris

Classification 2 1-5mm [52]
Microplastics 5-10mm

Macroplastics 10-20 mm

Megaplastics

Plastics

Classification 3 1 - 1000 nm and < 20 (um) [53]
Nanoplastics 20 pm — 1mm

Small microplastics 1-5mm

Large microplastics | 5 —25 mm

Mesoplastics > 25 mm

Macroplastics
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Microplastic impacts on reproduction:

Reproduction is an energetically intensive process
and an inadequate nutritional intake can have
adverse effects on an organism’s fecundity.
Reproductive toxicity refers to detrimental impacts
on any stage of the marine animals’ reproduction
cycle such as gametogenesis, gamete and oocyte
quality, fecundity, egg production, and sperm
swimming speed [54]. Several studies describe the
effects of environmental exposure to MPs on
marine animals’ reproduction. Gamete and oocyte
quality, fecundity, and sperm swimming speed
were reduced in exposed oysters. These effects
significantly affected the quality of offspring and
reduced the growth of their larval progeny.
Importantly, they observed a decrease in oocyte
number (- 38%), oocyte diameter (— 5%), and
sperm velocity (- 23%) in oysters exposed to PS-

MPs, which may have an impact on the survival of
larvae and offspring growth. It was also reported
that prolonged exposure to PS-MPs can negatively
impact the fecundity of the marine copepod
Calanus helgolandicus, where a reduction in
hatching success has been observed (Cole et al.,
2015). The potential effect of PS-MP exposure on
fertilization of sea urchin Paracentrotus lividus was
studied by Martinez-Gomez ~ et al. (2017), who
reported significant reductions in fertilization
success rates following MP  exposure.
Furthermore, [55] concluded that MP particles
from different origins including PA, PE, PP, PE,
and PVC significantly reduce reproductive success
in nematode Caenorhabditis elegans, while only
PE- and PVC-MPs had a significant impact on
brood size.

Figure 6: Potential impacts of MP particles on the immune system in marine animals.

Potential adverse impacts of MPs on immune system in marine organisms
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LZM: lysozyme; AcP: acid phosphatase; ALP:
alkaline phosphatase; Hc: haemo cyanin; AKP:
alkaline phosphatase; PO: phenoloxidase [56].

Effects of plastic on the environment:

Several ecologically damaging and hazardous
effects on the marine environment are caused due
to plastic pollution. Wastewater effluents of the
plastic industry are characterized by parameters
such as turbidity, pH, suspended solids, BOD,
sulfide, and COD. Plastics are the most common
elements found in the ocean. It is harmful to the
environment as it does not decompose easily and is
often ingested as food by marine animals [57]. In
the digestive system of these animals, the ingested
plastic persists and leads to decreased gastric
enzyme secretion, gastrointestinal blockage,
decreased feeding stimuli, reproduction problems,
and decreased steroid hormone levels. Plastic
waste is disposed of by recycling, incineration, and
landfill. Incineration and pyrolytic conversion of
waste plastic results in the emission of hazardous
atmospheric pollutants, including polyaromatic
hydrocarbons, CO2 (a greenhouse gas), and
persistent organic pollutants like dioxins which
cause global warming and pollution [58]. In the
ocean organic pollutants are found in high
concentrations in plastic particles. The chemicals
that are toxic and found in oceanic plastic debris
include; nonylphenol ' (NP), polychlorinated
biphenyls (PCBs), and organic pesticides such as
bisphenol A (BPA), polycyclic aromatic
hydrocarbons (PAHS),
dichlorodiphenyltrichloroethane  (DDT)  and
polybrominated diphenyl ethers (PBDEs). Many of
these compounds pose risks to wildlife and human
health (180). These toxic chemicals cause health
problems such as endocrine disruption, breast
cancer, neurobehavioral changes, developmental
impairment  (hormonal imbalances, growth
abnormalities, and neurological impairment),
arthritis, cancer, DNA hypomethylation, and
diabetes [59].

Management Strategies for Plastic Pollution:

Many supermarkets have voluntarily abolished the
provision of (free) plastic bags, which has led to
notable drops in plastic bag usage [60]. At the same
time, alternative bags made of more durable and
natural materials, such as cotton, hessian, or linen,

are available to consumers. Deposit return
strategies have shown high efficiency in reducing
waste with return rates of up to 90% in Sweden and
Germany. Other interventions such as ‘Operation
Clean Sweep’ organized by non-governmental
organizations (NGOSs) to clean beaches and drains
can help reduce plastic pollution of the
environment. The behavioral change towards
plastics occurring in society impacts many private
companies. For example, globally, the Coca-Cola
company is now committed to making 100% of its
packaging recyclable by 2025, using at least 50%
recycled material in its packaging by 2030, and
collecting and recycling a bottle or can for each one
sold by 2030. Multinational companies such as
Nestlé, PepsiCo, LEGO, etc. have similar targets.
In addition to voluntary solutions for reducing
plastic waste, the market for ethically produced
goods (including recycled products) is growing
worldwide, as consumers are becoming more
aware of the negative impacts of plastic pollution.
Examples of consumer  awareness-driven
interventions to combat plastic litter include the
production of clothes, shoes, skateboards,
sunglasses, and swimming gear from derelict
fishing gear. Finally, other initiatives are
considered to reduce the need for plastics. For
instance, public drinking fountains were provided
pre-COVID in cities to reduce the need for bottled
water. At the same time, buying goods from local
farmers’ fresh markets is encouraged as a way for
customers to lower the packaging volume
associated with purchases made elsewhere [61].

Measures to enhance recycling:

There is increasing agreement about the need to
rethink the plastics economy to consider key
foundations. It must adopt a circular approach to
plastics, meaning that the design and production of
plastic products should fully respect reuse, repair,
and recycling needs, and plastics that are difficult
to recycle should be phased out. This has to be done
collaboratively, to ensure buy-in and sustainable
adoption. In addition, the plastic economy must
support national economies and livelihoods
through job creation, economic  growth,
investment, and social fairness. Finally, it must
foster collaboration, by bringing the private sector,
national and regional authorities, cities, and
consumers towards a set of common goals [62].To
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achieve these targets, there is pressure on industries
and retailers to strive to reduce plastic packaging
and to design products containing plastics in a way
that simplifies recycling. Policy tools for
effectively incentivizing the adoption of recycling
options include ¢ Policies targeting the increased
adoption of recycled products, e.g. preferential
rates for reuse products or policies supporting the
creation of a domestic market for recovery and

recycling. This has proven successful in the past in
other fields, e.g. to drive the adoption of
incineration technologies in FEurope. * Zero
landfilling policies or policies targeting the
reduction of the amounts of plastic waste discarded
or abandoned. * Policies promoting sustainable
practices through tax abatement and fee reductions
or application of levies [63]

Figure 7: Technologies available for solid waste management [64].
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Conclusion:

Marine plastic pollution has emerged as a
pervasive environmental crisis with significant
consequences for aquatic wildlife and ecosystem
health. Plastics, ranging from large debris to
microplastics, are infiltrating marine environments
at an alarming rate, driven by human activities,
improper waste management, and insufficient
global regulations. These pollutants not only harm
marine organisms through ingestion,
entanglement, and habitat degradation but also
disrupt critical ecological processes and food
webs.Aquatic species, from plankton to apex
predators, face threats from toxic chemical
leaching, bioaccumulation, and physiological
stress caused by plastics. Ecosystem health is

further jeopardized as plastics alter sediment
properties, reduce biodiversity, and impair
essential ecosystem services like nutrient cycling
and water purification. The consequences extend to
human communities, affecting fisheries, tourism,
and overall oceanic health, with far-reaching socio-
economic impacts. Addressing marine plastic
pollution requires a multifaceted approach
involving international collaboration, stricter
regulations, innovative waste management
technologies, and a shift towards a circular
economy. Public awareness and behavioral change
are equally critical in reducing plastic usage and
promoting sustainable alternatives. Ultimately,
mitigating marine plastic pollution is not only
about protecting marine life but also ensuring the
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resilience of ecosystems vital for global
biodiversity, climate stability, and human well-
being. The collective  responsibility  of
governments, industries, and individuals is
paramount in  combating  this  pressing
environmental challenge.

REFERENCES

Browne, M.A., Crump, P., Niven, S.J., Teuten, E.,
Tonkin, A., Galloway, T.S., Thompson,
R.C., 2011. Accumulation of microplastic
on shorelines worldwide: sources and
sinks. Environ. Sci. Technol. 45, 9175-
9179. https://www.ncbi.nlm.nih.
gov/pubmed/2189492”,

Wagner, J., Wang, Z.M., Ghosal, S., Rochman, C.,
Gasseld, M., Walla, S., 2017.
Novelmethod for the extract ion and
identification of microplastics in ocean
trawl and fish gut matrices. Anal. Methods
9, 1479-1490. https://pubs.rsc.org/en/co
ntent/articlela”.

C. C. Joyner and S. Frew, “Plastic pollution in the
marine environment,” Ocean Dev. Int.
Law, vol. 22, no. 1, pp. 33-69, 1991, doi:
10.1080/00908329109545949.

Thompson, R. C., C. J. Moore, F. S. vom Saal,
andS. H. Swan. 2009. Plastics, the
environment andhuman health: current
consensus and futuretrends. Philosophical
Transactions of the RoyalSociety B:
Biological Sciences 364:2153-66.”.

Rochman, C. M., A. Tahir, S. L. Williams, D.
V.Baxa, R. Lam, J. T. Miller, F.-C. Teh,
S.Werorilangi, and S. J. Teh. 2015.
Anthropogenicdebris in seafood: plastic
debris and fibers fromtextiles in fish and
bivalves sold for human con-sumption.
Scientific Repo”.

Zettler, E. R., T. J. Mincer, and L. A. Amaral-
Zettler. 2013. Life in the ‘plastisphere’:
micro-bial communities on plastic marine
debris.Environmental Science &
Technology47:7137-46".

Rochman CM, Kurobe T, Flores I, Teh SJ. Early
warning signs of endocrine disruption in
adult fish from the ingestion of
polyethylene with and without sorbed
chemical pollutants from the marine
environment. Science of the Total
Environment. 2014;493:656-61".

Burns, E. E., and A. B. A. Boxall
2018.Microplastics in  the aquatic
environment: evi-dence for or against
adverse impacts and majorknowledge

gaps. Environmental Toxicology
andChemistry 37:2776-96”.
Hermabessiere, L., A. Dehaut, |. Paul-Pont,

C.Lacroix, R. Jezequel, P. Soudant, and G.
Duflos.2017. Occurrence and effects of
plastic additives onmarine environments
and organisms: a review.Chemosphere
182:781-93.”.

Frye, C., E. Bo, G. Calamandrei, L. Calz_a, F.
Dess 1-Fulgheri, M. Fern_andez, L.
Fusani, O. Kah, M.Kajta, Y. Le Page, H.
B. Patisaul, A. Venerosi, A. K.Wojtowicz,
and G. C. Panzica. 2012.
Endocrinedisrupters: a review of some
sources, effects, andmechani”.

Marine Plastic Pollution: Sources,Impacts, and
Policy Issues”.

I. Issifu and U. R. Sumaila, “A review of the
production, recycling and management of
marine - plastic  pollution,” J. Mar. Sci.
Eng., vol. 8, no. 11, pp. 1-16, 2020, doi:
10.3390/jmse8110945.

Ocean Conservancy. To the Beach and Beyond:
Breaking Down the 2018 International
Coastal Cleanup Results. Available online:
https://oceanconservancy.org/blog/2019/0
9/04/beach-beyond-breaking-2018-
international-coastal-cleanup-results/
(accessed on 24 July”.

ERIKSEN, M., LEBRETON, L. C. M., CARSON,
H. S., THIEL, M., MOORE, C. J,
BORERRO, J. C., GALGANI, F., RYAN,
P. G. & REISSER, J. . Plastic Pollution in
the World’s Oceans: More than 5 Trillion
Plastic Pieces Weighing over 000 Tons
Afloat at Sea.,” Plos One 9, vol. 250 SRC-
, 2014.

| Masood et al., 2024 |

Page 827

https://thermsr.com


https://thermsr.com/

The Research of Medical Science Review

Barnes, D.K.; Galgani, F.; Thompson, R.C,;
Barlaz, M. Accumulation and
fragmentation of plastic debris in global
environments. Philos. Trans. R. Soc. B
Biol. Sci. 2009, 364, 1985-1998. [Google
Scholar] [CrossRef] [Green Version]”.

Borrelle SB, Ringma J, Law KL, Monnahan CC,
Lebreton L, McGivern A, et al. Predicted
Growth in Plastic Waste Exceeds Efforts
to Mitigate Plastic Pollution. Science
[Internet]. 2020 Sep 18;369(6510):1515—
8. Available from:
https://www.science.org/doi/full/10.1126/
science.aba3656”.

Law, K.L. Plastics in the marine environment.
Annu. Rev. Mar. Sci. 2017, 9, 205-229.
[Google Scholar] [CrossRef] [Green
Version]”.

Schmidt C, Krauth T, Wagner S. Export of plastic
debris by rivers into the sea.
Environmental Science & Technology.
2017
https://doi.org/10.1021/acs.est.7b02368.”.

Lebreton, L.C.M.; van der Zwet, J.; Damsteeg,
JW.; Slat, B.; Andrady, A.; Reisser, J.
River plastic emissions to the world’s
ocean. Nat. Commun. 2017, 8, 15611.
[Google Scholar] [CrossRef]”.

Cézar, A.; Sanz-Martin, M.; Marti, E.; Gonzalez-
Gordillo, J.I.; Ubeda, B.; Galvez, J.A.
Irigoien, X.; = Duarte, C.M. Plastic
accumulation in the Mediterranean Sea.
PLoS ONE 2015, 10, e0121762. [Google
Scholar] [CrossRef] [PubMed] [Green
Version]”.

R. J. Christopher, “Plastic pollution and potential
solutions,” Sci. Prog., vol. 101, no. 3, pp.
207-260, 2018.

thompson, R.C., Moore, C.J., vom Saal, F.S,,
Swan, S.H., 2009. Plastics, the
environment and human health: current
consensus and future trends. Philos. Trans.
R. Soc. B Biol. Sci. 364, 2153¢2166.”.

Napper, “Napper, LE., Bakir, A., Rowland, S.J.,
Thompson, R.C., 2015. Characterisation,
guantity  and sorptive properties of
microplastics extracted from”.

Faure, F., Demars, C., Wieser, O., Kunz, M., De
Alencastro, L.F., 2015. Plastic pollution in
Swiss surface waters: nature and
concentrations, interaction with pollutants.
Environ. Chem. 12, 582-591”.

D. Morritt, P. V. Stefanoudis, D. Pearce, O. A.
Crimmen, and P. F. Clark, “Plastic in the
Thames: A river runs through it,” Mar.
Pollut. Bull., vol. 78, no. 1-2, pp. 196-200,
2014, doi:
10.1016/j.marpolbul.2013.10.035.

Estahbanati, S., Fahrenfeld, N.L., 2016. Influence
of wastewater treatment plant discharges
on microplastic concentrations in surface
water. Chemosphere 162, 277¢284.”.

Jambeck, J.R., Geyer, R., Wilcox, C., Siegler, T.R.,
Perryman, M., Andrady, A., Narayan, R.,
Law, K.L., 2015. Plastic waste inputs from
land into the ocean. Science 347,
768¢e771”.

ambeck, J.R., Geyer, R., Wilcox, C., Siegler, T.R.,
Perryman, M., Andrady, A., et al. 2015.
Plastic waste inputs from land into the
ocean. Science, 347(6223): 768-771. doi:
https://doi.org/10.1126/science.1260352.
PMID:25678662.”.

Zhao, J.M., Wen, R., Teng, J., Liu, Y., Liu, H., Yin,
X., et al. 2018. Microplastic pollution in
sediments from the Bohai Sea and the
Yellow Sea, China. Sci. Total Environ.
640-641: 637—-645. doi:
https://doi.org/10.1016/j.scitotenv.2018.0
5.346. PMID:31539”.

Howell, E.A., Bograd, S.J., Morishige, C., Seki,
M.P., and Polovina, J.J. 2012. On North
Pacific circulation and associated marine
debris concentration. Mar. Pollut. Bull. 65:
16-22. doi:
https://doi.org/10.1016/j.marpolbul.2011.
04.034. PMID:21592531.”.

Isobe, A., Kubo, K., Tamura, Y., Kako, S., and
Nakashima, E. 2014. Selective transport of
microplastics and mesoplastics by drifting
in coastal waters. Mar. Pollut. Bull. 89:
324-330. doi:
https://doi.org/10.1016/j.marpolbul.2014.
09.041. PMID:25287228.”.

| Masood et al., 2024 |

Page 828

https://thermsr.com


https://thermsr.com/

The Research of Medical Science Review

Y. Li, H. Zhang, and C. Tang, “A review of
possible pathways of marine microplastics
transport in the ocean,” Anthr. Coasts, vol.
3, no. 1, pp. 6-13, 2020, doi: 10.1139/anc-
2018-0030.

Andrady, A. L. (2022). Weathering and
fragmentation of plastic debris in the ocean
environment. Marine Pollution Bulletin,

180, 113761.
https://doi.org/10.1016/j.marpolbul.2022.
113761,

Cao, R., Liu, X., Duan, J., Gao, B., He, X., Nanthi,
B., & Li, Y. (2022). Opposite impact of
DOM on ROS generation and photoaging
of aromatic and aliphatic nano- and micro-
plastic particles. Environmental Pollution,
1987(315), 120304-120304.
https://doi.o”.

M. J. Stapleton, A. J. Ansari, A. Ahmed, and F. I.
Hai, “Change in the chemical, mechanical
and physical properties of plastics due to
UVA degradation in different water
matrices: A study on the recyclability of
littered plastics,” Environ. Pollut., vol.
334, 2023, doi:
10.1016/j.envpol.2023.122226.

Alimi, O. S., Claveau-Mallet, D., Kurusu, R. S.,
Lapointe, M., Bayen, S., & Tufenkji, N.
(2022).  Weathering  pathways and
protocols for 'environmentally relevant
microplastics and nanoplastics: what are
we missing? Journal of Hazardous
Materials, 423(Pt A),”.

Yousif, E., & Haddad, R. (2013). Photodegradation
and photostabilization of polymers,

especially polystyrene: Review.
Springerplus, 2(1), 398-398.
https://doi.org/10.1186/2193-1801-2-

398”.

M. A. K. Jansen et al., “Plastics in the environment
in the context of UV radiation, climate
change and the Montreal Protocol: UNEP
Environmental Effects Assessment Panel,
Update 2023,” Photochem. Photobiol.
Sci., vol. 23, no. 4, pp. 629-650, 2024, doi:
10.1007/s43630-024-00552-3.

Zhu, L., Zhao, S., Bittar, T. B., Stubbins, A., & Li,
D. (2020). Photochemical dissolution of
buoyant microplastics to dissolved organic
carbon: Rates and microbial impacts.
Journal of Hazardous Materials, 383,
121065.
https://doi.org/10.1016/j.jhazmat.20”.

C. Romera-Castillo, S. Birnstiel, X. A. Alvarez-
Salgado, and M. Sebastian, “Aged Plastic
Leaching of Dissolved Organic Matter Is
Two Orders of Magnitude Higher Than
Virgin Plastic Leading to a Strong Uplift
in Marine Microbial Activity,” Front.
Mar. Sci., wvol. 9, 2022, doi:
10.3389/fmars.2022.861557.

L. Review, “Literature Review FW 107 Literature
Review Blight , L . K ., & Burger , E . (
1997 ). Occurrence of plastic particles in
seabirds from the eastern north pacific .
Marine Pollution Bulletin , 34 ( 5), 323-
325 . Retrieved from,” pp. 1-2.

Boerger, C. M., Lattin, G. L., Moore, S. L., &
Moore, C. J. (2010). Plastic ingestion by
planktivorous fishes in the North Pacific
Central Gyre. Marine Pollution Bulletin,
60(12), 2275-2278.”.

Allen, R., Jarvis, D., Sayer, S., & Mills, C. (2012).
Entanglement of grey seals Halichoerus
grypus at a haul out site in Cornwall, UK.
Marine Pollution Bulletin, 64(12), 2815—
2819.”.

Stamper, M. A., Spicer, C. W., Neiffer, D. L.,
Mathews, K. S., & Fleming, G. J. (2009).
Morbidity in a juvenile green sea turtle
(Chelonia mydas) due to ocean-borne
plastic. Journal of Zoo and Wildlife
Medicine, 40(1), 196-198.”.

Mascarenhas, R., Santos, R., & Zeppelini, D.
(2004). Plastic debris ingestion by sea
turtle in Paraiba, Brazil. Marine Pollution
Bulletin, 49(4), 354-355.”.

Shillinger, G. L., Di Lorenzo, E., Luo, H., Bograd,
S. J., Hazen, E. L., Bailey, H., & Spotila,
J. R. (2012). On the dispersal of
leatherback turtle  hatchlings  from
Mesoamerican nesting beaches.
Proceedings of the Royal Society B:
Biological Sciences, 279”.

| Masood et al., 2024 |

Page 829

https://thermsr.com


https://thermsr.com/

The Research of Medical Science Review

Mrosovsky, N., Ryan, G. D., & James, M. C.
(2009). Leatherback turtles: the menace of
plastic. Marine Pollution Bulletin, 58(2),
287-289.”.

Plot, V., & Georges, J. Y. (2010). Plastic Debris in
a Nesting Leatherback Turtle in French
Guiana. Chelonian Conservation and
Biology, 9(2), 267-270.”.Avery-Gomm,
S., Provencher, J. F., Morgan, K. H., &
Bertram, D. F. (2013). Plastic ingestion in
marine-associated bird species from the
eastern North Pacific. Marine Pollution
Bulletin, 72(1), 257-259.”.

M. Sigler, “The effects of plastic pollution on
aquatic wildlife: Current situations and
future solutions,” Water. Air. Soil Pollut.,
vol. 225, no. 11, 2014, doi:
10.1007/s11270-014-2184-6.

C. G. Alimba and C. Faggio, “Microplastics in the
marine environment: Current trends in
environmental pollution and mechanisms
of toxicological profile,” Environ. Toxicol.
Pharmacol., vol. 68, pp. 61-74, 2019, doi:
10.1016/j.etap.2019.03.001.

P. Casale, D. Freggi, V. Paduano, and M. Oliverio,
“Biases and best approaches for assessing
debris ingestion in sea turtles, with a case
study in the Mediterranean,” Mar. Pollut.
Bull., vol. 110, no. 1, pp. 238-249, 2016,
doi: 10.1016/j.marpolbul.2016.06.057.

Galgani, F., Hanke, G., Maes, T., 2015. Global
distribution, composition and abundance
of marine litter. Chapter 2. pp 29 — 56. In:
Bergmann, M., Gutow, L., Klages, M.
(Eds.), Marine Anthropogenic Litter.
Published by Springer Cham Heidelberg
New York Dor”.

Sussarellu, R., Suquet, M., Thomas, Y., Lambert,
C., Fabioux, C., Pernet, M.E.J., Le Goic,
N., Quillien, V., Mingant, C., Epelboin,
Y., 2016. Oyster reproduction is affected
by exposure to polystyrene microplastics.
Proc. Natl. Acad. Sci. Unit. States Am.”.

W. C. Li, H. F. Tse, and L. Fok, “Plastic waste in
the marine environment: A review of
sources, occurrence and effects,” Sci. Total
Environ., pp. 333-349, 2016.

M. Sharifinia, Z. A. Bahmanbeigloo, M.
Keshavarzifard, M. H. Khanjani, and B. P.
Lyons, “Microplastic pollution as a grand
challenge in marine research: A closer
look at their adverse impacts on the
immune and reproductive systems,”
Ecotoxicol. Environ. Saf., vol. 204, 2020,
doi: 10.1016/j.ecoenv.2020.111109.

Jose GBD. The pollution of the marine
environment by plastic debris: a review.
Mar Pollut Bull 2002;44:842—
52.10.1016/S0025-326X(02)00220-5".

Bupe GM, Charles M. Drivers to sustainable
plastic solid waste recycling: a review.
Procedia Manuf 2017;8:649—
56.10.1016/j.promfg.2017.02.083".

Q. Zhou, Y. Gao, and G. Xie, “Determination of
bisphenol A, 4-n-nonylphenol, and 4-tert-
octylphenol by temperature-controlled
ionic liquid dispersive liquid-phase
microextraction combined with high
performance liquid chromatography-
fluorescence detector,” Talanta, vol. 85,
no. 3, pp. 1598-1602, 2011, doi:
10.1016/j.talanta.2011.06.050.

Luis IP, Spinola H (2010) The influence of a
voluntary fee in the consumption of plastic
bags on supermarkets from Madeira Island
(Portugal). J Environ Plan Manag
53(7):883-889 Accessed 10 December
2020”.

J. Nikiema and Z. Asiedu, “A review of the cost
and effectiveness of solutions to address
plastic pollution,” Environ. Sci. Pollut.
Res., vol. 29, no. 17, pp. 24547-24573,
2022, doi: 10.1007/s11356-021-18038-5.

Sections Figures References Alpizar F, Carlsson F,
Lanza G, Carney B, Daniels RC, Jaime M,
Ho T, Nie Z, Salazar C, Tibesigwa B,
Wahdera S (2020) A framework for
selecting and designing policies to reduce
marine plastic pollution in developing
countries. E”.

Ugorji C, van der Ven C (2021) Trade and the
Circular Economy: A deep dive into
plastics action in Ghana.
https://globalplasticaction.org/wp-
content/uploads/Ghana_NPAP_Trade_an
d_Circular_Economy.pdf. Accessed 30
Oct 2021.”

| Masood et al., 2024 |

Page 830

https://thermsr.com


https://thermsr.com/

The Research of Medical Science Review

K. V. S. Rajmohan, C. Ramya, M. Raja Curr. Opin. Environ. Sci. Heal., vol. 12,
Viswanathan, and S. Varjani, “Plastic pp. 72-84, 2019, doi:
pollutants: effective waste management 10.1016/j.coesh.2019.08.006.

for pollution control and abatement,”

| Masood et al., 2024 | Page 831
https://thermsr.com


https://thermsr.com/

