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Abstract: Plastic pollution is ubiquitous in terrestrial and aquatic ecosystems. Plastic waste exposed
to the environment creates problems and is of significant concern for all life forms. Plastic production
and accumulation in the natural environment are occurring at an unprecedented rate due to indiscrim-
inate use, inadequate recycling, and deposits in landfills. In 2019, the global production of plastic was
at 370 million tons, with only 9% of it being recycled, 12% being incinerated, and the remaining left
in the environment or landfills. The leakage of plastic wastes into terrestrial and aquatic ecosystems
is occurring at an unprecedented rate. The management of plastic waste is a challenging problem
for researchers, policymakers, citizens, and other stakeholders. Therefore, here, we summarize the
current understanding and concerns of plastics pollution (microplastics or nanoplastics) on natural
ecosystems. The overall goal of this review is to provide background assessment on the adverse
effects of plastic pollution on natural ecosystems; interlink the management of plastic pollution with
sustainable development goals; address the policy initiatives under transdisciplinary approaches
through life cycle assessment, circular economy, and sustainability; identify the knowledge gaps;
and provide current policy recommendations. Plastic waste management through community in-
volvement and socio-economic inputs in different countries are presented and discussed. Plastic
ban policies and public awareness are likely the major mitigation interventions. The need for life
cycle assessment and circularity to assess the potential environmental impacts and resources used
throughout a plastic product’s life span is emphasized. Innovations are needed to reduce, reuse,
recycle, and recover plastics and find eco-friendly replacements for plastics. Empowering and edu-
cating communities and citizens to act collectively to minimize plastic pollution and use alternative
options for plastics must be promoted and enforced. Plastic pollution is a global concern that must
be addressed collectively with the utmost priority.

Keywords: plastics; climate change; ecosystem service; policy; sustainable development goals; life
cycle assessment; circular economy

1. Introduction

Plastics are a geological indicator for the Anthropocene era that have recently become
an environmental hazard due to their resistance to degradation and long-term persistence
inthe'lenvironment. Plastic is a wonderful material and a driver of economic growth and
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synthetic modernity; however, the irresponsible and unethical disposal of plastic waste in
any habitat is recognized as plastic litter. The modern lifestyle is embedded in the complex-
ity of economic and toxic interdependency of plastic use. In the 20th century, researchers
have invested their efforts in identifying the physicochemical structures and functionalities
of plastics to make them suitable for various applications. However, injudicious use and
the unethical disposal of plastics cause environmental pollution. With a growing concern
of environmental stewardship, plastic pollution gained increasing attention in the scientific
community, governments, media, and the public due to its negative impact on the environ-
ment and human health. Although plastics serve as valuable resources and provide many
benefits to society, such as comfort, hygiene, and safety, leading to the well-being of society,
its single-use nature and disposal outweigh the benefits unless it is used and disposed of
appropriately [1]. Plastic materials have made significant contributions to food packag-
ing [2-4], drug delivery [5,6], refused fuel [7,8], safety from communicable diseases [2,9-11],
roads, and pavements [12,13]. Looking at the plastics market, the packaging sector had
the largest share in 2019, followed by building and construction, textiles, automotive and
transportation, infrastructure and construction, and consumer goods, among other sec-
tors [1,14-16]. Advanced nano-sized polymers are innovatively suggested as a vector for
drug delivery against deadly diseases, such as cancers, etc., to improve the efficacy of
medicines [17]. Particularly, condoms have played a significant role in preventing HIV,
other sexually transmitted infectious diseases, and birth control [18]. Apart from these,
polymers scaffolds are engineered for artificial bone and cartilage implants [19]. Similarly,
clean meat or eco-friendly meat are being developed through tissue engineering to reduce
the ecological footprints from meat industries [20].

Plastics become waste due to irrational production, inappropriate disposal at landfills,
and inadequate recycling management. The leakage of plastic wastes into the environment,
including terrestrial and aquatic ecosystems, is occurring at an unprecedented rate, and
poses significant challenges to the waste management for growing populations, mainly in
developing countries [15,21]. In 1950, global plastic production was 1.5 million tons, which
grew to around 370 million tons in 2019, with Asia as the largest contributor (51%), followed
by the North American Free Trade Agreement (NAFTA) countries (Canada, Mexico, and
the United States; 19%), Europe (16%), the Middle East and Africa (7%), Latin America (4%),
and the Commonwealth of Independent States (Azerbaijan, Armenia, Belarus, Georgia,
and other; 3%) [14,22]. Geyer et al. [16] estimated that plastics litter in landfills and natural
ecosystems will reach 12 billion tons by 2050 in the business-as-usual scenario of current
waste management and if there are no targeted improvements made through technological
innovations and other interventions. According to Geyer et al. [16], plastics wastes are
recycled (9%), incinerated (12%), dumped in the environment, or landfilled (79%) after the
end of their lifespan. There are huge opportunities for using principles of circularity (with
reuse, recycle, and rethink) in plastic waste management.

Schmidt et al. [23] reported that plastics get transported from land to oceans via
rivers; the Yangtze River carries 1,469,481 tons of plastics, followed by the Indus River
(164,332 tons), Yellow River (124,249 tons), Hai He (91,858 tons), Nile (84,792 tons), Meghna,
Ganga, and Brahmaputra (72,845 tons), Pearl (52,958 tons), Amur (38,267 tons), Niger
(35,196 tons), and Mekong (33,431 tons). Plastics waste cause severe problems if leaked into
the environment, such as the blockage of waterways, leading to standing water that serves
as a breeding niche (to mosquitoes, pests, vector-borne diseases transmission), becomes
a vector for toxic chemicals, and ultimately disturbs the natural cycles (biogeochemical
cycle in terrestrial ecosystems) [24,25]. Plastics also create major challenges for aquatic
ecosystems, where small-sized plastic particles are easily ingested by organisms, get into
their system, and are eventually transferred to the broader food chain. The transfer of
plastic into the food chain is dangerous to animals and human beings [15,24-39]. In
addition, plastic ingestion by aquatic organisms (e.g., dolphins, turtles, seabirds, and
others) blocks their breathing pathways, leading to death. Jambeck et al. [40] projected
that.marine litter may harm almost 600 species by 2050; 90% of seabirds will be under
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threat due to plastics ingestion, and approximately 15% of the marine species come under
endangered categories because of the ingestion and entanglement of plastics.

Large plastics undergo degradation via interaction with the natural environment
because of physical, chemical, and biological processes, such as mechanical degradation,
biodegradation, thermal actions, UV degradation, photodegradation, mechanical forces
(e.g., friction), turbulence, and other processes [35,41-44]. Lambert et al. [45] categorized
macroplastics as less than 5 mm, mesoplastics in the range of 1-5 mm, microplastic (MPs)
as less than 1 mm and greater than 0.1 um, and nanoplastics (NPs) as less than 0.1 pm.
Small-sized plastic particles—macroplastics, MPs, and NPs, either originated from primary
or secondary sources that come into the environment directly from personal care products
(e.g., shampoo, detergents, cosmetic products, paints) or degraded from larger plastic
particles, respectively [44,46—48]—are inevitably present in natural ecosystems. Due to
its versatility and wide-scale uses, plastic litter and even small-sized particles, MPs, and
NPs are present in soil [49-52], sub-surface systems [48,53-55], groundwater [50,56-58],
atmosphere [59-63], wetlands [48,64-68], rivers [35,50,69-73], and marine environments [53,
59,74-78], among others, and they are also accessible in high-altitude ecosystems, for
example, snow, mountains, and glaciers [79-82].

Intrinsic characteristics, i.e., the density, shapes, and polymeric chemical composition,
of micro- and nano-sized plastic particles govern the fate of MPs and NPs in the environ-
ment [83-85]. Fibers, films, filaments, foams, fragments, granules, pellets, and microbeads
are common irregular and heterogeneous shapes of MPs observed in different ecosystems,
which originated subsequently through degradation and mechanical abrasion from con-
struction work, fishing nets, garbage, household effluents, washing clothes, or greenhouse
poly bags [28,86-92]. Additionally, MPs and NPs particles are heterogeneous in nature,
retain intrinsic characteristics, have various densities from 0.85to 1.41 g cm 3 [93-95], and
have unique physical properties in terms of shape and size [96,97]. Large-sized MPs and
NPs particles, having high density, can easily be deposited in the aquatic environment as
compared to low-density plastic particles [97]. Degradation and fragmentation can modify
the diameter, density, and shape of the particles [98-100]. Although virgin plastics have
densities in the range of 0.01-2.3 g cm~3, these can change due to aggregation, biofilm
growth, degradation, and flocculation in the environment [95,101-103]. MPs and NPs
ingestion make them an ecological hazard to aquatic as well as terrestrial organisms, and
adsorbed toxic contaminants have long persistence in the respective environment [27,30-
32,104-117]. Several studies reported small-sized plastics as vectors for the transport of
heavy metals and other toxic chemicals in different natural ecosystems because of the
large surface-to-volume ratio and because of modifications in plastics properties. These
modifications include increases in the surface area, adherence, flakes, fractures, avulsions,
etc., which ultimately encouraged the adsorption and attachment of toxic chemicals onto
their surfaces [112,118-129].

According to the United Nations Environment Program (UNEP) [15], single-use
plastics (e.g., plastic bottles, caps, cigarette butts, grocery bags, lids, stirrers, straws, food
wrappers, etc.) are evidence of poor waste management systems and our attitude toward
natural ecosystems. These plastics have severe health and social impacts; for example,
plastic particles possess toxic chemicals that can be carcinogenic and can also impact the
nervous, reproductive, and respiratory systems. In developing (or low-income) countries,
plastics are burnt for cooking and heating purposes, resulting in prolonged exposure of
toxic emissions to women and children. In addition, plastic litter causes visual disamenity
to garden/locality, which indirectly increases social costs due to plastic contamination and
pollution [15,130]. Plastic litter causes economic losses to the tourism, fishing, and shipping
sectors globally [15,131,132]. Therefore, the future cost for the remediation of all plastics
from the different ecosystems would be financially unviable and expensive [15].

Small-sized plastics, for example, MPs and NPs, are considered as physical, chemical,
and biological stressors that impact the key ecosystem services and valuable resources as
well-assinduce global climatic stress to marine ecosystems [77,133,134]. Prata et al. [135]
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provide insights on the transdisciplinary approaches of direct impacts on animal and
human health and indirect impacts on ecosystem services due to MPs. Plastic pollution
and climate change are interlinked; for example, photodegradation and de(nitrification)
promote climate change and thus intensify MPs, which leads to eutrophication in aquatic
settings [136]. Hu et al. [137] highlighted knowledge gaps related to the consequences of
MPs and NPs on global biodiversity and impacts on ecosystem services. MPs pollution
promotes greenhouse gas emissions (GHGs) and interferes with carbon fixation in marine
ecosystems [138,139]. In addition, Sridharan et al. [140] investigated how MPs and NPs
destabilize the global ecosystem services as well as influence the functioning of aquatic
and terrestrial biota. Therefore, several nations worldwide implemented ban policies
against single-use plastics and encourage the recycling process and life cycle assessment
of plastic materials. For example, government agencies implemented bans on single-use
grocery bags, shopping bags, and plastic bottles in California (USA), plastics packaging
materials in Massachusetts (USA), non-biodegradable tableware in France [141], and
cosmetic products consisting of plastics in Canada [142,143]. In addition, Sweden adopted
household wastes and achieved zero waste and sustainable energy by recycling 99% of the
household wastes [144].

Syberg et al. [145] overviewed policy initiatives for plastics mitigation and a value
chain for analyzing the circular plastics economy. For better understanding, Rochman
et al. [146] suggested integrating science and policy to solve global plastic waste man-
agement with the help of scientific evidence for MPs and NPs mitigation. The strong
association among the interconnected plastics value chain and stakeholders at the regional
or global scale requires advanced approaches with innovative and sustainable solutions,
which are mainly focused on developing frameworks through plastics blueprints and
boosting the circular economy for a sustainable future [14]. Plastics have been disposed in
the environment on a large scale, and only a small percentage of plastics are being recycled
or reused. It is projected that the quantities of plastics in the environment will be huge
if citizens are not aware of the negative impacts of plastics and if there is no appropriate
infrastructure to manage waste or recycle. In addition, there is also a need for policies and
laws for the use, management, and disposal of plastics.

To date, limited information is available related to MPs and NPs regarding both
short-term and long-term multi-stress impacts on climate change, ecosystem services,
greenhouse gas emissions, and biogeochemical cycling. The linkages between plastic
pollution and key sustainable development goals are not well articulated. In addition,
policy initiatives for plastic pollution mitigation are lacking, including life cycle assessment
and plastic production mitigation for the circular economy framework. Although there
have been a few reviews published, most of them focused on individual components of
either highlighting plastic pollution management, recycling approaches, existing policies,
or links to sustainable development goals. They do not provide a complete picture and
interconnections and linkages among the various components. There is a need for such a
comprehensive review that provides all the necessary information together and discusses
plastic pollution, impacts, policies, management approaches, and the need for systems
approaches to address such a complex problem.

The goal of this review is to provide a background assessment of adverse effects on
natural ecosystems, identify knowledge gaps, and address policy initiatives under trans-
disciplinary approaches through life cycle assessment, circular economy, and sustainability.
The main objectives of this review are to (a) highlight potential impacts of plastics on
ecosystem services and climate change, (b) emphasize the importance of plastic waste
management, socio-economic impacts, and the role of community, (c) offer interlinkages
between plastic pollution, waste management, and sustainable development goals, (d) sum-
marize policy interventions to minimize plastic pollution and plastic waste management, (e)
discuss life cycle assessment and circular economy with plastics pollution, and (f) provide
current knowledge on plastic pollution, plastic waste management, and policy initiatives
ands:recommendations.
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2. Impact of Micro and Nano Plastics on Ecosystem Services and Climate Change

Every minute, a million plastic bottles are bought around the world, which is expected
to further increase in the coming years, resulting in an environmental crisis that may
contribute to global climate change. MPs in sea-ice were shown to be positively associated
with chlorophyll, indicating that living biomass can contribute to the deposition of MPs
and NPs into the sea-ice. Significantly, sea-ice in the Southern Ocean has the potential to
contribute as the depository for MPs. Due to this reason, rather than being transported
to deep oceans, MPs and NPs are likely being trapped in and released from the sea-
ice seasonally in accordance with sea-ice development and ice melting process. As a
result, these MPs and NPs particles would be more accessible to aquatic biota and are
being ingested. Plastics are assimilated through physical or biological mechanisms, or a
combination of both factors, based on the time-span and regions [147]. So, MPs affecting
ecosystem services are mostly propagating through three mediums: terrestrial, aquatic,
and atmospheric ecosystems (Figure 1). Current knowledge gaps are highlighted due to
the impact of MPs and NPs pollution on ecosystem services, which are directly concerned
with ecosystems and their functionality.
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Figure 1. Illustration of MPs and NPs affecting various ecosystem services and climate change on terrestrial, aquatic, and

atmospheric ecosystems.

A comprehensive approach requires balancing human well-being with nature’s ser-
vices; although it is one of the basic essences behind the development of ecosystem services,
it has yet to be investigated despite being emphasized in the late 1990s [140,148-151]. In this
section, emphasis is given to connect the dots among the micro or nano plastics, ecosystem
services, and human well-being; we do not delve into the fundamentals of the functional-
ity of the natural systems, which is already available in various literature [44,48,152,153].
Ecosystem services as an established concept connect ecological science with the economics
and social sciences. MPs or NPs do not only pose ecological threats; rather, their im-
pact can be understood in human society as well both economically and socially [154].
Determining the impact of MPs on ecosystem services and subsequently on human well-
being is beneficial to highlight the real-world problem for the various stakeholders in the
society [137,155].

MPs and NPs in terrestrial ecosystems reduce the ability to sequester carbon, which is
one of the major ecosystem services provided by the soil ecosystem to maintain the carbon
cycle [152,153,156]. As MPs are an organic carbon (around ~80%), no significant methods
have been developed yet to distinguish soil organic carbon and MPs carbon, and as MPs
come in contact with the soil matrix, it forms the MPs cycle (i.e., slow MPs/NPs decom-
position)mCurrent experimental studies are still determining the detrimental influence
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of MPs/NPs on the terrestrial ecosystem with soil carbon storage, which has often been
seen to be linked with global change [157]. Other nutrient’s cycles, such as nitrogen and
phosphorous, are also vividly influenced due to MPs and NPs in the soil ecosystem. Soil
productivity is impacted due to the nutrient imbalance followed by oxidative stress and
leading to the poor growth of food crops, which is already a well-established phenomenon
in the case of wheat production [44,137,158]. As stated earlier for the health issues, the
impact on the food production in this context will severely undermine agricultural produc-
tion and might lead to food crisis at the local and global level. MPs and their suspended
solids also hasten climate change and eutrophication. MPs accumulation can promote
mineralization, nitrification, and denitrification in aquatic ecosystems, therefore releasing
CO,, CHy, and N,O. Eutrophication worsens as a result of both resuspension and algae
growth, adding more contaminants to the food chain supply and primarily creating organic
contamination [136]. The huge production of plastics in the petrochemical and plastic
sectors may destabilize the global climate, making it difficult to limit global temperature
rise to 1.5 °C or even 2 °C [138], which is the goal set by the Paris Climate Agreement.
MPs and NPs in aquatic environments have the potential to influence phytoplankton’s
photosynthesis and proliferation, zooplankton growth and overall development, the ma-
rine carbon pump, and the ocean carbon pool. Consequently, marine carbon sinks are
critical in analyzing the global climate change and are potentially affected by MPs and NPs
pollution on phytoplankton-sequestered CO, and their transmission to the deep ocean via
zooplankton [77].

In terrestrial ecosystems, various soil parameters are also affected by MPs, which
dynamically cause N,O and CO; emissions. MPs also reduce N,O emissions during exten-
sive nitrogen fertilization. The effects of MPs on GHGs emissions should be considered in
future impact evaluations, and the soil structure should be examined to better understand
such impacts [159,160]. Furthermore, chemically changing processes will not eliminate the
enormous amount of emissions produced, despite the possibility that the development of
renewable energy-based polymeric materials could reduce GHG emissions from produc-
tion units [138]. Plastics-induced variations in solar radiation in the water column can alter
physical processes at the ocean’s surface and near-surface layers as well as trigger climate
feedback mechanisms [161].

Plastisphere contribution to surface layer GHGs stock is adding a new unreflective
effect to the reported adverse effects of plastic pollution in the oceans. This output is
influenced by the biogeochemical aspects of the surrounding waters, but it is sustained
by active microbial processes that consume and produce CO; and N,O. The degree to
which the types of MPs and NPs influence nutrient concentrations and are correlated to
plastisphere microbial diversity needs to be understood. Similarly, how these changes
would affect the plastisphere’s significant benefit to surface biogeochemical cycles, in-
cluding climatically active GHGs, needs to be understood as well [139]. MPs and NPs
are known to cause a dynamic shift in the soil temperature as is commonly practiced in
agriculture sectors with extreme climatic conditions. Topsoil temperature fluxes and the
subsoil environment have impacts on soil ecosystems and subsequent ecosystem services.
Soil temperature flux alters soil decomposition rates, which can have massive impacts
on soil ecosystem services [157,162,163]. The subsequent alteration of physicochemical
parameters is also known to have a significant impact on the forested land; especially, it
can lead to soil erosion, forest fire, and desertification of unprecedented levels, causing im-
mense loss of biodiversity and subsequent ecosystem services [164]. Soil temperature and
physico-chemical parameters are known to play a pivotal role in the survival of micro- and
macro-fauna in the soil ecosystem; for example, they directly affect fauna regarding their
feeding (arthropods) and reproduction (reptiles). Soil temperature plays a deterministic
role in eggs hatching and even sex determination of the hatchlings. Therefore, MPs and
NPs in the soil ecosystem are known to have a strong impact on the population structure
and survival of these faunas [135,137,154,158]. It is important to conduct further studies in
this;context:to add to the existing knowledge base.
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The existing knowledge on the effects of MPs and NPs on aquatic ecosystems is
relatively better in comparison to other ecosystems. MPs are entering into the marine
ecosystems at an unprecedented level; a decade ago, estimation revealed 4.8-12.7 metric
tons of MPs every year, which can have detrimental impacts on marine ecosystems [154].
Small-sized plastics act as stressors, altering the ocean level and temperature and influenc-
ing the acidification. The rise in ocean temperature is highly crucial, since its effects on
glaciers, tropical cyclones, ocean currents more or less, and the global climate change will,
directly and indirectly, be influenced by the MPs influx in the marine environs [164,165].
Thus, MPs and NPs can play a crucial role in climate change. High amounts of MPs and
NPs are more substantially found in pelagic species than in deep-water species. The most
prevalent plastic shapes recovered are fragments, and substantial differences are observed
throughout the polymers comparing pelagic and deep-water species. Findings show that
pelagic and benthic species have different frequencies and amounts of plastic items in
their stomach, with open-ocean pelagic species consuming many more plastics in different
forms of polymer over the benthic species [134]. Limited evidence implies that in addition
to genetic changes, phenotypic plasticity and the evolution of plasticity will contribute
significantly to apparent phenotypic changes in aquatic invertebrates because of global
warming. Therefore, photoperiodic modifications to global warming are ubiquitous and
may even lead to phenological alterations in addition to thermal adjustments [166]. MPs
may have amplified the effect of multi-stressors with climate-induced stress, potentially
compromising the health and resilience of populations and ecosystems. Effects on ocean
salinity and volume, as well as air and water circulation on climate change, are projected
to significantly alter the existing distribution patterns. Major concerns over projecting the
future patterns of plastic aggregation and accumulation in response to global circulation
are currently uncertain about the consequences of global warming on the oceans [167].
MPs concentration, accumulation, fate, and their ingestion may all be assessed through
field surveys and time-series monitoring [133].

Economic impacts due to the MPs pollution in the aquatic ecosystem are also un-
paralleled. The negative impact of MPs is estimated to result in a loss or reduction of
approximately 1-5% in the provided ecosystem services, amounting to approximately
US$2.5 trillion [154]. MPs and NPs act as vectors for toxic chemicals and microbes and
can breach any ecosystem. Thus, these invasive microorganisms lead to change in the
community structure, loss of local biodiversity, and other ecological catastrophes [149,168].
Since MPs and NPs are already established to act as a vector and breach through any
system (organisms) and even via trophic transfer (one trophic level to another via food
chain), therefore, it can be hypothesized that MPs in the future can play a pivotal role
in the spill over of infectious diseases, leading to an epidemic or pandemic of unknown
scale [44,148,152,169]. Aquatic ecosystems are highly impacted by MPs and NPs, at times
more than terrestrial ecosystems. Especially bottom feeders have a high intake of MPs,
which leads to blockage of their feeding system, resulting in death. Polystyrene can get
into blood cells and into the brains of feeders, resulting in death [137]. MPs and NPs are
known to travel up through the food chain, leading to biomagnification. It has already
been studied that the perceived risk of consumption of MPs can be detrimental at times
since more than 1.4 billion people are dependent on seafood, which is essential to highlight
among the public health concern [154]. Therein, MPs consumption has also been known
to hamper the reproduction of few genera of fishes, leading to lower egg-laying capacity
or infertility at times [170]. It can be said that the marine system is influenced by a triage:
climate change, overfishing, and MPs and NPs pollution. Each one of the above factors is
convergently working toward the loss of human well-being.

MPs and NPs in the atmosphere also lead to the obstruction and lowering of pol-
lination. Few species of pollens have a similar size to that of MPs and NPs. Therefore,
MPs and NPs can mimic the pollens and thus obstruct the pollen grains; subsequently,
the process of pollination gets inhibited [163,170]. On a larger scale, hindering pollination
will-lead:tora decrease in seed banks; the worst affected species might be endemic or rare
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ones with limited viable seed banks, because, to a large extent, pollination is more prone
to local extinction [170]. Since MPs and NPs are abundant in the tropical region, which
is coincidentally the most diverse region with a high number of endemic and rare plant
species, therefore, hypothetically, MPs and NPs pose a serious threat to the plant diversity
in the tropics [48,137,149]. Similar to other pollutants, humans inhale MPs; therefore, the
continuous inhalation of MPs leads to serious health concerns including lung congestion,
cancer, ulcers, and several other nasal and olfactory infections [164]. There are significant
knowledge gaps, ecological concerns, and serious public health concerns regarding the
toxicity of MPs and NPs, as they will lead to a burden for the health system infrastructure
in society, especially in the third world nations, whose current medical infrastructure is
already overwhelmed. The public health concern will directly lead to lowering the HDI
(Human Development Index) and simultaneously will be a major hurdle for achieving the
SDGs targets [171,172].

3. Plastic Waste Management: Socio-Economic Impacts and Community Involvement

Marine biota-ingested plastics reduce the efficiency and productivity of commercial
fisheries and aquaculture through physical entanglement and damage [173], and they
are a direct risk to fish stocks, which has direct and indirect effects on the entire food
chain [25,174,175]. Seafood is the main source of animal protein and accounts for more
than 20% of the food intake by weight for 1.4 billion people, which is 19% of the global
population [176]. According to Mouat et al. [173], recreational activities are directly affected
by marine plastics; for example, marine litter and debris float on the surface of the ocean
and land on the shoreline, which creates heavy pollution along the coastline. This is a
reason why tourists avoid visiting beaches, resulting in major socio-economic problems.
The economic development of the country requires a developed tourism industry and
lounges in the coastal areas; however, shorelines are being polluted by plastic litter, which
automatically reduces the recreational values, thereby threatening the social, human, and
mental stability. The economic cost of plastic pollution will not only damage tourism
but also cause health risks. As plastics and plastic-based products are spread around the
world, there is an ever-increasing exposure to disposable plastics in the environment that
have complex chemical compositions. As a result of unprecedented urbanization, cities
face difficulty in managing waste in a socially and environmentally responsible manner.
Locally generated waste behavior varies with cultural, environmental, and socio-economic
elements, including institutional capabilities, which also influence the effective waste man-
agement and efficient alternative solutions. Waste governance is becoming more regional
and codified around the world. Waste management is formally done on a municipal or
regional basis in developed countries, where citizens generate significantly more waste
than other residents, while people in the developing world are generally creating less waste
because of using biogenic products. There is a critical need for integrating the informal
waste sector in developing cities, reducing the consumption in developed cities, increasing
and standardizing solid waste data collection and analysis, and effectively managing the
increasingly complex waste while protecting the people and environment [177].

Different countries have different perceptions of waste management. For example,
in South Africa, about 85% of waste goes into proper dump sites, whereas 15% of waste
goes into improper landfills [178]. Thailand is one of the main producers and exporters of
plastic products, generates twice the global average of plastics, which accounts for 29 kg
per capita per year, almost 4% in 2018. The living standard in Thailand is reduced by
the presence of plastics and its waste management [179]. Cyprus is managing its waste
well, and it has only 7% mismanagement of waste, while about 93% of waste is collected
within the state. The perception on handling, managing, disposing, and recycling the waste
is overall good in the country [180]. Waste management in Mozambique is in a critical
situation where most of the waste is untreated and mismanaged (at about a 99% rate). In
Mozambique, there is no indigenous plastic manufacturing; all plastic products are being
importedsThe country’s estimated generation of plastic is 6.1 kg per capita per year, which
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is considerably less than the global average; therefore, it has a very poor collection rate,
and the recycling rate is only 1%. Around 17 kilotons of plastic trash are poured into the
river and the ocean. It means that 10% of all plastic debris finds its way into the ocean [181].
Menoreca is the best in managing and handling plastic waste. In 2018, the country created
10,220 tons of plastic garbage, out of which 2476 tons (24%) were created by the tourism
sector alone. Tourism is the most responsible sector for generating waste in Menorca. The
generation of plastics per capita is 111 kg per inhabitant per year, including tourism, but the
average collection rate is 90%, which is relatively good. Meanwhile, 10% of plastics trash is
unmanaged in Menorca, and they are uncollected and littered [182]. Vietnam is currently
importing the majority of plastic product consumption. Due to the increase in industrial
growth in Vietnam, more than half of the total plastics go into the stockpile. The increase
in plastic waste indicated that the country is failing to manage the waste. The burning of
plastic in an open environment causes severe human health (due to the release of noxious
chemical substances such as dioxins and particulate matter) and it is directly contributing
to climate change [183]. Kenya is consuming 98% of its plastics, which are being imported
from another country, in both production form and as primary virgin plastic. Kenya is also
high on the list of not collecting plastic waste properly because of the absence of sanitary
landfills and incineration facilities [184].

Community participation, according to the WHO (2003), involves members of the
community actively and genuinely getting involved in defining issues that concern them,
making decisions about factors that affect their lives, formulating and implementing poli-
cies, planning, developing, and delivering services, and acting to effect change. According
to Kolk and Pinkse [185], the community and stakeholders should take initiatives to reduce
the use of plastic-based products such as mineral water bottles, encourage tourists to
carry reusable water bottles, and store food in non-disposable containers. The lack of
participation of stakeholders and the community in environmental protection leads to
the irresponsible dumping of large amounts of waste in the developing world. There-
fore, both tourists and operators should take responsibility for encouraging everyone to
respect the environment by helping the local communities protect the beaches and coastal
shorelines [186]. For instance, community participation in Nigeria shows that commu-
nity members realized the value of the intervention of the people in managing the waste
through demonstrating capacity-building impact in terms of turning waste into wealth, as
their willingness to segregate the waste at the source for recycling is dependent on their
ability to benefit economically from such an operation. Environmental protection, financial
benefits, and personal interests were among the incentives to participate [187].

During the coronavirus disease 2019 (COVID-19) pandemic, single-use plastics, such
as PPE kits, masks, etc. are helping in preventing infections; however, there has been
a significant rise in plastic pollution due to excessive disposal and poor waste manage-
ment [188]. Several studies have already warned of the COVID-19 pandemic causing
ecological disasters [9,189]. The spread of COVID-19 causes health crises globally as pro-
tective gear (masks and gloves) exposed to the environment not only harm people’s health
and economy but also threaten ecosystem services and environmental sustainability [190].
During the pandemic crisis, high demand for plastic materials resulted in up to 40% con-
sumption of non-biodegradable packaging materials [191]. Guidelines and actions for
management, treatment processes, and the disposal of the generated plastic wastes are cru-
cial during the COVID-19 crisis. Planned waste management via on-site waste collection,
sorting, and then the disposal of hospital waste eventually ended in waste treatment [192].
Despite the Biomedical Waste Management Rules 2016, specific guidelines are required
to ensure the scientific disposal of COVID-19 wastes. According to Aldaco et al. [193],
many countries have different types of research and development institutions to solve
different types of problems, but there are no regulatory authorities to oversee them. By
reducing waste generation and finding alternative disposal methods, the circular economy
can help reduce the impact of plastic pollution. Therefore, there is a need to again think of
amoreresilient, circular, and low-carbon economic model [194]. It is likely to resolve the
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traditional conflict between socio-economic and environmental objectives; however, as the
government implements this economy in the private sector, the economy will regenerate on
its own, resulting in better social outcomes for the country and improved climate ambition.

4. Interlinkages between Plastic Pollution, Waste Management, and Sustainable
Development Goals

After the millennium development goals, the United Nations launched the sustainable
development goals (SDGs) in September 2015, which have been widely implemented
by various nations to achieve sustainability [195]. The objectives of the SDGs are to
take the collective decision against the most critical multi-dimensional socio-economic-
environmental global threats. There are 17 SDGs and 169 targets; out of them, only one goal
is directly related to plastic pollution, i.e., SDG 14: Life Below Water with its target 14.1.b, as
an indicator, focuses on reducing marine (micro)plastic debris loads particularly from the
land activities by 2025 [196]. SDG indicators depict challenges for each country at national,
sub-national, or supra-national levels to pursue the nature and behavior of plastics in the
environment, including MPs pollution monitoring and management [196,197]. Therefore,
the interlinkages between plastics pollution and waste management with each of the SDGs
are discussed in the following subsections and are highlighted in Figure 2.

Transfer of envil sound technologies, related capacity building Plastic pollution is impacting ecosystem services of water bodies and
and financial investments will help to eradicate the issues of plastic gatively i ing the ic opportunities of poorer communities,
pollutions in developing nations especially people depended on the coastal activities

Need for global institution which look after plastic issues and which
promotes the culture or norms of sustainable reuse-recycling in all
countries

Plastic pollution particularly microplastic potential threat to sustainable
food production system, and food security

17 pemers Ingestion of microplastics in humans through air, seafood, packaged
Irresponsible disposal of plastic waste is affecting the terrestrial i water, salts, personal care products, etc. and potential health
ecosy , affecting Is, agricultural soils, and protected 30 concerns posed by (micro)plasties
areas

Public awareness can be an alternative approach to avoid
single-use plastics, and thereby, formal and informal
training will impact largely for recycling and life cycle

Plastic debris along with micro and nane plastics are of assessment of plastics

great concerns for the aquatic ecosystems

Gender-based  role and  attitude towards plastics
J A management in  household activitics, as well as public
Throughout the life cycle of plastics, Greenhouse gases get . = o spaces, needs to be recognized and addresses effective
emitted from production, transportation, and disposal P]astlc X interventions and strengthen accountability mechanisms
through public awareness and training program

Pollution

Unsustainable plastic production and irresponsible
disposal is the major cause od plastic pollution

Microplastics found in lied drinking water, groundwater
and package water is the matter of concern to achieve clean
water for all

Irresponsible plastic waste dispos