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ARTICLE INFO ABSTRACT
Am‘clf? history: Microplastic pollution (MPs) emerged as a significant environmental concern due to its persistent nature. These
Received 6 August 2023 MPs particles endure in waters, soils, and even the atmosphere, posing potential threats to the entire ecosystem.
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Aquatic organisms are at risk of ingesting MPs, leading to accumulation in tissues, ultimately affecting entire food
chain. This study aims to provide an overview of sources of MPs, distribution, and potential environmental
impacts. MPs have been documented in various substances such as bottled water, salts, seafood, and even the
air. However, the full extent of the health consequences on human exposure remains uncertain. Therefore, it is

Keywords: ¢ 8 . . X ; o
Microplastic pollution imperative that we draw public attention to the presence of these pollutants in the environment. To mitigate
Environmental health adverse effects of MPs, reducing plastic consumption, implementing improved waste management practices,
Ecological impacts and advocating sustainable behaviors are essential for well-being of natural ecosystems and the health human
Aquatic ecosystem populations.
Human health risks © 2023 The Authors. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co. Ltd. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Microplastics are condemned for decades, due to their effect on the
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prognosis despite their continual production and uses (Geyer et al.,
2017). The global plastic production is continually increasing reached
390.7 million tonnes in 2021 (Tiseo, 2022) compared to 288 t in 2012
(Tiseo, 2022), 200 t in 2002 (Tiseo, 2022). It is unfortunately most of
the plastic material is released into the environment after their use.
The 2021 report indicate that only 9% of global plastic wastes were
recycled, >20% is mismanaged (OECD, 2022), while >75% of plastic
waste globally is being discharged to landfills or open environments
(Khan et al., 2020; Abdellatif et al., 2023; Liang et al., 2021). Efforts to
fight plastic hazards have been given a global agenda. For instance, the
Basel Convention of 1989, classifies plastic trash as hazardous waste
(Khan et al., 2020; Abdellatif et al., 2023; Liang et al, 2021;
Karungamye, 2022a; Karungamye, 2022b; Karungamye et al., 2022).
Amendments of 2019, with the goals of strengthening control over
transboundary plastic waste movements and defining the convention's
application to such garbage. Global statistics indicate larger quantity of
plastic materials are being disposed off to the environment every year.
The 2015 capita plastic consumption in Africa was 16 kg/capita/year
(Khan et al., 2020; Abdellatif et al., 2023), meanwhile USA was 80 kg/
capita/year, and the consumption of 84.3 million tonnes reported
2019 (Tiseo, 2022). Globally, the main producers of plastics are Asia,
China, North America, and Europe (Gourmelon, 2015; Wang et al.,
2020a). Among the plastics materials, polyethylene Terephthalate
(PET) such that used for preparation of bottles and trays, high density
polyethylene (HDPE) including that used for production of toys and
denser bottles, and polypropylene (PP) used for preparation of tubs
are the most preferred and recyclable plastic material (Dai et al., 2022;
Cepeliogullar and Piitiin, 2013); Whereas Low Density Polyethylene
(LDPE) used to make packaging bags, and Polystyrene (PS), used to
make pipes such as plastic cutlery which are least recyclable requiring
specialized facility are least preferred (Dai et al., 2022; Cepeliogullar
and Piitiin, 2013). Similarly polyvinyl chloride (PVC), a synthetic plastic
polymer that is widely used in various applications due to its versatility
and durability (Li et al., 2023). There are two main types: flexible PVC,
which is softer and more malleable and is suitable for applications like
electrical cables, inflatable structures, and vinyl flooring; and rigid
PVC, which is strong and stiff and frequently used for pipes, fittings,
window frames, and other construction materials (Li et al., 2023). PVC
can be recycled, but because of its special qualities, it needs to go
through a different recycling process (Lu et al., 2023). Recycled PVC is
frequently utilized in lower-grade applications (Lu et al., 2023). On the
other hand, composites, cling film, polycarbonates and blisters are non-
recyclable (Dai et al., 2022; Cepeliogullar and Piitiin, 2013).

Microplastics (MPs) are tiny particles of plastics measuring <5 mm
in size, basically originating from degrading, and disintegrated domes-
tic, industrial, and commercial plastic materials. Fig. 1 shows an insight
into microplastic sources and their environmental fate including possi-
ble interactions and exposure with aquatic organisms and humans, and
circulation in the ecosystems including aquatics.

MPs originate from multiple sources including fragments of substan-
tial plastic items, like bottles, packaging materials, and nets, through
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natural degradation processes or mechanical forces (Geyer et al.,
2017; Geyer, 2020; OECD, 2022; Kumar et al., 2021; Da Costa et al.,
2020). The shedding of synthetic fibers from textiles during washing,
the breakdown of pellets used in production, and the dispersion of
microbeads from cosmetics like exfoliating scrubs and toothpaste
(Geyer, 2020; OECD, 2022; Kumar et al., 2021; Da Costa et al., 2020;
Nyanza et al., 2014; Ejaredar et al., 2015), are all linked with MPs. MPs
are lightweight and some are resistant to degradation, allowing them
to dwell in the environment for long periods as hazards (Torres et al.,
2021; Ripanda et al., 2023). The distribution of microplastic spans the
globe (Lee et al,, 2023; Meng et al., 2023), with both terrestrial and
aquatic ecosystems affected. Report indicates that oceans are hotspots
(Wilson et al., 2023; Campillo et al., 2023; Davtalab et al., 2023), for
microplastic accumulation. The currents and tides transport MPs across
vast distances, resulting in their deposition on marines ecology (Wilson
etal., 2023; Campillo et al., 2023; Davtalab et al., 2023). Similarly, rivers
perform a crucial role in transferring MPs from inland sources to coastal
environments (Silori et al., 2023), making them conduits for the dis-
persal of these pollutants. The marine environment faces significant
ecological threats.

The effect of microplastic contamination on ecosystems is an emerg-
ing concern. Marine organisms can ingest MPs among or with food
(Koelmans et al., 2022; Rahman et al., 2023a; Rahman et al., 2023b;
Egbeocha et al., 2018), leading potential internal injuries. Filter-
feeding organisms, such as mussels and zooplankton (Fossi et al.,
2014; Cole et al., 2013), are particularly susceptible to ingest large quan-
tities of MPs. This not only affects their health and reproductive capabil-
ities but also poses risks to higher-level predators, including fish, birds,
and marine mammals (Koelmans et al., 2022; Rahman et al., 2023a;
Rahman et al., 2023b; Fossi et al., 2014; Cole et al., 2013; Laursen
et al.,, 2023; Shruti et al., 2023; Buyukunal et al., 2023; Nantege et al.,
2023; Adikari et al., 2023). Moreover, MPs have the potential to alter
habitats, disrupt ecological interactions, and contribute to the transport
of other environmental pollutants. The incidence of MPs circulation
through the food chain raises concerns about human exposure and
health risks (Rahman et al., 2023a; Buyukunal et al., 2023; Mamun
et al., 2023; Vitali et al., 2023). Studies have detected MPs in seafoods,
drinking water including bottled water, packed ready to use ice cubes
and even table salt (Rahman et al., 2023a; Shruti et al., 2023;
Buyukunal et al., 2023; Mamun et al., 2023; Vitali et al., 2023). While
the full consequences of microplastic ingestion on human health are
not yet fully recognized, there are concerns about the probable transfer
of toxic chemicals such as bisphenol A and phthalates associated with
plastics into the human body (Rahman et al., 2023b; Egbeocha et al.,
2018; Shruti et al.,, 2023; Buyukunal et al., 2023; Adikari et al., 2023).
Additionally, the physical effects of MPs on human tissues and organs
are still being investigated. However, a study by Ejaredar and Coallegues
(2015) (Ejaredaretal., 2015), provided evidence that prenatal exposure
to phthalates is linked to negative behavioral and cognitive conse-
quences in children, including hyperactivity, attention issues, and de-
creased 1Q (Ejaredar et al., 2015). Additionally, their study suggested
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Fig. 1. Sources of microplastic pollution, possible interactions and exposure with aquatic organisms and humans, and circulation in the ecosystems.
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the next investigation should concentrate on defining the relationships
between phthalate metabolites and children's neurodevelopmental
outcomes. This will facilitate the creation of mitigating measures to im-
prove the creation of suitable health policy (Ejaredar et al., 2015). Re-
ports of the presence of MPs in environmental compartments are
available including marine, fresh waters, and terrestrial. Approxima-
tions on the quantity of plastics generated per day, ban implementation,
presence of recycling activities, presence of coastlines for selected Sub-
Saharan Africa (SSA) countries are presented by Table 1.

The challenges of MPs (Koelmans et al., 2022; Rahman et al., 2023a;
Egbeocha et al,, 2018; Laursen et al.,, 2023; Shruti et al., 2023; Nantege
et al.,, 2023), requires a comprehensive and collaborative approach.
The production, and importation of plastics, usages, plastic waste, and
plastic waste management needs proper management to ensure eco-
system safety and sustainability (Koelmans et al., 2022; Rahman et al.,
2023a; Laursen et al., 2023; Shruti et al., 2023). To better comprehend
the causes, fate, and impacts of MPs (Wichai-Utcha and Chavalparit,
2019), strong monitoring systems and research initiatives are required.
This will allow for the creation of policies for mitigation that are
evidence-based. The global scale and persistence of MPs demand imme-
diate action to reduce plastic waste, improve waste management prac-
tices, and promote sustainable consumption of plastic products for
environmental health. Collective efforts to address the impacts of
microplastic contamination, protect the environment to achieve sus-
tainability, and regional evaluation of microplastic episodes.

2. Transport behavior of microplastics

Tiny plastic particles measuring <5 mm in size (MPs), exhibit
unique transport behaviors due to their diminutive size, in the environ-
ment., buoyancy, and surface properties (Cole et al., 2013; Crawford and
Quinn, 2016; do Sul and Costa, 2014). Understanding the transport be-
haviors of MPs (Pérez-Guevara et al, 2021), is crucial for
comprehending their distribution and potential impacts on ecosystems
and environmental health. MPs can be transported by water currents as
suspended materials (Peng et al.,, 2017), indicating its potential
transboundary nature requiring collective efforts for their mitigation.
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Therefore, in aquatic environments (Peng et al., 2017), MPs can be car-
ried over long distances through rivers, streams, and ocean currents.
MPs can be transported both advection and laminar flow (Laermanns
etal, 2021), depending on the water flow patterns and their character-
istics. Vertical transport can occur as MPs are suspended or settle down
to the sediments, while longitudinal transport can result from the
movement of water currents and wind-driven processes (Laermanns
et al,, 2021; Owens et al., 2023). Some MPs, particularly those made of
low-density polymers like expanded polystyrene, can float and
transported by wind and surface currents (Zhang, 2017). On the other
hand, heavier MPs may sink and transported by bottom currents or ac-
cumulate in sedimentary environments (Ballent et al., 2016), and re-
main dynamic with the continues moving sedments. Physical
processes like irrigation, withdrawing of water and materials such as
sand tend to distribute MPs to different locations.

The surface properties influence the transport behaviors of MPs
(Rummel et al., 2017), by adsorbing various organic and inorganic com-
pounds onto their surfaces, altering their buoyancy and interactions
with water. The adsorption process may lead to aggregation and the for-
mation of microplastic clusters (Rummel et al., 2017), affecting their
transport patterns. Similarly, human activities, such as wastewater dis-
charge, irrigation, agricultural runoff, sand excavation and coastal devel-
opment, can enhance the transport of MPs. These activities can
introduce MPs into water bodies and accelerate their movement
through altered flow regimes or changes in sediment dynamics
(Crawford and Quinn, 2016; Laermanns et al., 2021; Zhang, 2017;
Ballent et al., 2016; Rummel et al., 2017). Therefore, understanding
the transport behaviors of MPs is vital for predicting their fate and po-
tential ecological impacts. Globally, MPs have been located and mea-
sured in a variety of matrices. For instance, reports of MPs from the
USA in the year 2023 ranged from 27,000 MPs per km? in the Elk Lake
to 152,000 MPs per km? in the White Iron Lake (Conowall et al.,
2023). From 30 MPs per kg dry sediment in the White Iron Lake to
270 MPs per kg dry sediment in the Peltier Lake USA, additional benthic
sediments included MPs (Conowall et al., 2023). Most of the polypro-
pylene fragments found in wastewater treatment plants (WWTP) in
USA were polypropylene fragments, whereas the reference sites

Table 1
Presents the quantity of plastics generated per day, ban implementation, presence of recycling activities, presence of coastlines for selected countries in Sub Saharan Africa.
Country Approx. plastics generated per day Ban implemented Land locked Coastlines Recycling activities References
(tonnes)
South Africa >1000 v x v v (Wichai-Utcha and
Tanzania 100 to 1000 v x v v Chavalparit, 2019)
Madagascar 100 to 1000 v x v v
Botswana <100 v v X v
Zambia <100 x v x v
Zimbabwe <100 v v x v
Malawi <100 X v X v
Kenya 100 to 1000 v x v v
Uganda <100 v v x v
Somalia <100 x x v v
Ethiopia <100 v v x v
Rwanda <100 v v X v
Burundi <100 v v x v
Angola <100 x x v v
DRC <100 X X v v
Sudan >1000 x x v v
Congo <100 v x v v
Garbon <100 x x v v
Cameroon 100 to 1000 v x v v
Nigeria >1000 v x v v
Namibia <100 v x v v
Burkina Faso 100 to 1000 v v x v
Mali 100 to 1000 v v X v
Niger 100 to 1000 v v x v
Eritrea >1000 X x v v

41



E. Moto, M. Hossein, R. Bakari et al.

contained polypropylene fragments, polyethylene, and polyester fibers
(Conowall et al., 2023). While form and polymer compositions were
more closely connected to dissolved oxygen levels and the distance to
the next water source input, MPs sizes were substantially correlated
with distance from the closest WWTP (Ridall et al., 2023).

According to assessments of urban streams in North Carolina, USA, in
2023, water had median microplastic levels of 0.44 p m3 (Ridall et al.,
2023). The highest concentrations were found in urban rivers, and the
most densely populated areas showed a substantial link between
streamflow and MP concentration (Kurki-Fox et al., 2023). Additional
findings displayed that polystyrene, polypropylene, and polyethylene
were the three most prevalent polymer kinds for MPs >335 pm
(Kurki-Fox et al., 2023; Sathish et al., 2020). When samples were ana-
lyzed using a smaller mesh size >64 pm, substantially more MP particles
were detected, with concentrations ranging from 20 to 130 p m3, with
polyethylene terephthalate being the most abundant polymer type
(Kurki-Fox et al., 2023). The 64 um to 335 um MP concentration ratio
ranged from 35 to 375, showing that the 335 pm mesh significantly un-
derestimates MPs in comparison to the 64 pm mesh. In 14/15 sediment
sample sets, MPs were found (Kurki-Fox et al., 2023). Table 2 summa-
rizes more reports regarding global reports on the occurrence of MPs
from different environmental matrices.

3. Microplastic pollution in sub-Saharan Africa

Microplastic pollution is a significant environmental issue affecting
SSA, with potential impacts on the region's ecosystems. Sub-Saharan
Africa faces unique challenges in dealing with microplastic pollution
due to a combination of factors including population growth, inade-
quate infrastructures for waste management, and limited regulatory
frameworks (Deme et al., 2022; Ayeleru et al., 2020; Mihai et al.,

Table 2
Global occurrence of microplastics.
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2022; Honorato-Zimmer et al., 2022). Reported cases of microplastic
pollution in various matrices in Africa environmental compartments
are presented in Table 3. The primary sources of microplastic contami-
nation in SSA includes poor waste management practices (Mihai et al.,
2022). Many countries in the region struggle with limited waste collec-
tion systems and inappropriate disposal of plastic waste, leading to its
heap in water bodies and terrestrial environments (Mihai et al., 2022).
Inadequate recycling facilities further exacerbate the problem, resulting
in an elevated fractions of plastic waste being discarded in open
dumpsites or burned, contributing to the environment's exposure to
MPs and other emerging contaminants (Deme et al., 2022; Ayeleru
et al., 2020; Mihai et al., 2022). Fig. 2 represents reports of microplastic
pollution (a) MPs in coastal areas, sea waters, effluents, and sludge,
(b) MPs in agricultural soils and fresh waters, (¢) MPs in fresh waters or-
ganisms including Gastropods, and (d) MPs in sediments and other ma-
rine organisms. The area of SSA is 24.35 million km? with proximity
coastlines, the size of this coastline affects the reliance on marine re-
sources make its ecosystems vulnerable to microplastic pollution
(Kirkman et al., 2020; Landrigan et al., 2020; Preston-Whyte and
Maes, 2022). Coastal cities, fishing communities, and tourism hubs are
key areas where MPs can accumulate due to improper plastic waste dis-
posal as a result of lacking active monitoring and controlling regulations
(Kirkman et al., 2020; Shilla, 2019; Egessa et al., 2020). Plastic bottles
and packaging bags are almost dominating all over the region due to
their frequent uses. This indicates the possibility of MPs occurrence
and spreading in these cities.

Similarly, landlocked SSA countries are not immune to microplastic
pollution either (Egessa et al, 2020). Rivers and freshwaters
stream act as conduits for microplastic transport from inland sources
to coastal areas (Abdellatif et al., 2023; Deme et al., 2022; Ayeleru
et al,, 2020; Mihai et al., 2022; Preston-Whyte and Maes, 2022;

Country and year What have been reported

References

India, 2022

Mumbai coastal waters,
India, 2022

China, 2022

Canada, 2022
Brazil, 2021

Portugal, 2021

Malaysia, 2023

Fiji, 2020

Bengal, coast of
Bangladesh, 2021

Northern west Pacific
Ocean, 2019

Caspian Sea, 2020

According to the findings, plastic accounted for between 45% and 89% of all objects found throughout the ten
collecting sites. With debris densities ranging from 0.38 to 3.86 items/m2, the study collects baseline data at eleven
sites.

It was noted that each fish's gills had 6.2 items, compared to 6.6 in GI tract. The majority of the MPs were made up of
beads <100 m. The tissues contained the most microplastic with blue and black shades. The post-monsoon season
saw the highest number of MP incidences of all the analyzed months.

The study found that MPs were abundant in saltwater and sediments

In mangrove sediments, microplastic abundances of up to 5738.3 items/kg, coral reef surface waters of up to 45,200
items/m3, and seagrass bed sediments of up to 927.3 items/kg have all been observed

Water contained the greatest concentrations of MPs. 4.70 objects/L plus silt (728 items/kg) from a textile-producing
area, most likely brought on by human activity

Most plastics, 68%, were polyethylene fragments

The microplastic content showed significant geographical and temporal small-scale variability. The findings suggest
that microplastic pollution occurs often in Fernando de Noronha.

According to the findings, 3.9 million pieces of plastic made up 88% of the beach trash, and there were 330 items per
100 m of beach, which is more microplastic than the EU median of 149 items per 100 m and needs to be reduced to
20 items per 100 m (94%)

The agricultural soils contained an average of 2.1 to 3.4 microplastic particles/kg. MPs extensive breakdown
processes resulted in a range of particle sizes from 16.7 to 1.246 m. The morphologies and colors of the microplastic
particles in the soil samples were indicative of the sources.

The main sources of MPs were plastic nets, mulching films, and mismanaged plastic debris. Our research confirms
soil contamination with MPs in tropical agricultural areas

Low MPs levels were discovered in waters and deposits. The WWTPs reported as hotspot. MP in sediments and
species intake were strongly correlated. There were 15 different polymers, most of which were detected as fibers
and fragments.

According to the findings, MPs were retrieved, with abundance of 2.2 items per person. 53.4% of the MPs discovered
were fibers. The most prevalent colors and sizes among the MPs that were found were green (about 39%) and 500 m
(about 85%). 55% of the polymers were polyethylene, 33% were polypropylene, and 6% were polyester, 2% were
polyurethane.

The findings show that there are variations in MPs abundance, shape, color, and size. Strong environmental
implications are provided by the study, including those related to sources, environmental degradation, dwell time,
travel patterns, and biological interactions

The research revealed that the bordering countries illegally manage. Their garbage. Estimates show that the nations
along the Caspian Sea's shore created 425 kt of plastic trash, with a probability of 58 to 155 Kt reaching the sea.

(Owens et al., 2022)
(Debbarma et al., 2022)
(Wang et al., 2022)
(Zheng et al., 2023)

(Hu et al,, 2022)

(Smith et al., 2022)
(Carvalho et al., 2021)
(Prata et al., 2022)

(Praveena et al., 2023)

(Ferreira et al., 2020)

(Ghosh et al., 2021)

(Pan et al.,, 2019)

(Ghayebzadeh et al., 2020)
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Table 3
Studies that reported MPs pollution in various matrices in Africa.
Study Year Country Study site Results Implication Remarks References
Investigationon 2023 Tanzania Coastal areas Marine environments are Impairment of marine Strict rules and (Mcllgorm and Xie,
plastic pollution contaminated with plastics ecosystems quality, policies for the 2023b)

Analysis of
plastics waste
on coastlines

Assessment of
MPs in aquatic
environment

MPs in surface
waters
investigated

MPs investigated
from surface
waters,
sediments, and
soils

MPs pollution
investigated

MPs pollution
investigated

MPs investigated
Surface Waters

MPs investigated
in zooplankton

MPs investigated
in marine
ecosystem

Microplastic
pollution was
investigated

Surface waters
investigated for
plastic pollution

Abundance,
distribution,
and
composition of
plastics
investigated

2021

2022

2020

2021

2021

Kenya

2020

2020

2018

2022

2022 Uganda

2020

2019 Nigeria

Waters from the
coastal region

Beaches and
seabed zones

Surface waters
of Lake Victoria

Surface waters,
sediments,
riverbanks, and
soils from
irrigated farms
Creecks
sediments, and
estuaries

Surface waters
within creeks

Surface Waters

Sea, surface
waters and
zooplankton

Surface
watersnearshore

Freshwater

Surface water

Marine waters

48.5% of the waste inflow to coastal

environments are plastics

About 640 MPs identified across sites,
equivalent to 84% from beaches, while

seabed sediments had 16%

Occurrence of MPs in all sites at a
ranging from 2834 to 329,167
particles/km2 with the highest
abundance ranging from 103,333 to
329,167 particles/km2 and lowest

ranging from 2834 to 20,840
particles/km2

The findings demonstrated that there
were four times as many MPs in
irrigated farms as there were in
riverine sediments, more MPs in
sediments than in surface waters
Overall mean concentration was 9.1
(SE 0.8) particles cm — 2 for the large
size category of MPs ranged from 500

t0 4999 pm.

MPs with variable shapes and colors
were identified ranging from 20 to

250 pm

Surface waters are contaminated with
plastics, mean abundancy 0.41

particles/m2.

150 plastics items reported in water.
About 130 were reclaimed ingested by
zooplankton groups, of which
Chaetognath swallowed 0.5, Copepod
0.3, Amphipoda 0.2, and fish larvae 0.2

particles

1473 particles in total, with a mean
concentration of 0.58 MPs m3, were

identified

Report of contamination of
freshwaters with MPs

MPs identified in all sites ranging from
2834 to 329,167 particles/km?, with
the highest abundance in group A
ranging from 103,333 to 329,167
particles/km? and in group C ranged
from 2834 to 20,840 particles/km?

3487 macrodebris items/m2,

comprising of 59% of plastics,7%
rubber, 3% medical and 3% agricultural
trash. Further MPs had the highest
concentration occurring downstream.
Dominant types were 30% of PET,
followed by 20% of PE, 16% of PVC, and

14% of PP.

endangering wildlife, and
other organisms through
food chains.

Detrimental effects and
threat to the ecosystem's
sustainability

This indicates
contamination of marine
environments, threating
marine ecosystems

The accumulation of MPs
which may threaten
marine ecosystems and
other organisms through
food web

Microplastic pollution
threaten marine
ecosystem

This shows deadly threats
towards the marine
ecosystem

Microplastic pollution
threaten marine
ecosystem

Plastics pollution, threaten
marine ecosystems

Potential exposure to the
marine ecosystem, MPs
may enter pelagic food
webs and cause harm

Marine pollution that
causes threats leading to
higher potential risks to
the organisms either
within or around the
marine ecosystem
Plastic pollution may lead
to potential health
consequences

Pollution of aquatic
systems

Marine environment
pollution

proper management
of the plastics are
needed

Formulation of strict
rules and policies for
the proper
management of the
plastics

Strict rules and
policies for the
proper management
of the plastics are
needed

Formulation and
implementation of
strict rules and
policies for the
proper management
of the plastics

Strict rules and
policies for the
proper management
of the plastics are
needed

Strict rules and
policies for the
proper management
of the plastics are
needed

Strict rules and
policies for the
proper management
of the plastics are
needed
Implementation of
proper techniques
and policies for a
major control of the
plastics waste
pollution
Formulation and
implementation of
strict rules and
policies for the
proper management
of the plastics

Strict rules and
policies for the
proper management
of the plastics are
needed

Intervention is
required for
ecological safety
Strict rules and
policies for the
proper management
of the plastics are
needed

Formulation and
implementation of
strict rules and
policies for the
proper management
of the plastics

(Lu et al., 2023)

(Kumar et al., 2021)

(Da Costa et al.,
2020)

(Nyanza et al.,
2014)

(Kerubo et al.,
2021)

(Ejaredar et al.,
2015)

(Migwi et al., 2020)

(Kumar et al., 2021)

(Kosore et al., 2022)

(Owens et al., 2023)

(Egessa et al., 2020)

(Ebere et al., 2019)
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Table 3 (continued)
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Study Year Country Study site Results Implication Remarks References
MPs investigated 2021 Surface waters,  Existence of MPs Potential exposure to Strict rules and (Enyoh et al., 2023;
sediments, and ecosystems policies for the Yalwaji et al., 2022)
marine proper management
organisms of the plastics are
needed
MPs investigated 2022 Ethiopia Surface Near the lake's eastern catchment Potential plastic pollution ~ Formulation and (Jeevanandam et al.,
from surface sediments area, MP ranged from 11 to 74 implementation of ~ 2022)
waters items/m3. Comprising of 90% of fibers, strict rules and
5% pieces, and 5% of pellets (5%), with policies for the
variety of colors, including white, proper management
black, blue, and red. Polyester of the plastics
predominant, followed by
polyethylene, and polystyrene
Plastics in surface 2022 Marine MPs identified, mostly originating Potential exposure to the  Strict rules and (Aragaw et al.,
waters was environment from PPEs such as surgical face masks  ecosystem policies for the 2022)
investigated proper management
of the plastics are
needed
MPs investigated 2022 Water bodies 61% of the 240 MP particles were Pollution to the marine Formulation and (Mhiret Gela and
smaller than 0.5 mm, majority of these environment, hence implementation of ~ Aragaw, 2022)
transparent particles were fragmented leading to potential strict rules and
in shape. exposure to the ecosystem policies for the
proper management
of the plastics
MPs investigated 2022 Ghana Water MPs was prevalent in all examined MPs pollution Formulation and (Blankson et al.,
in waters, sediments, Fish ~ compartments, with average counts of implementation of ~ 2022)
sediment, and species 2 and 3. Bagrid Catfish had, and strict rules and
species of fish Black-chinned Tilapia had similar policies for the
amounts of MPs proper management
of the plastics
MPs in 2021 Ghana Fresh water The presence of quantified MPs in Pollution of acquatic Strict rules and (Acquah et al.,
Freshwater was Waterbodies environment policies for the 2021)
investigated proper management
of the plastics are
needed
MPs in 2022 Fish Highly contaminated with MPs, with  Pollution of acquatic Strict rules and (Pappoe et al.,
gastrointestinal 133 different plastic items being found environment policies for the 2022)
tract of fish in the fish and 68% of the fish being proper management
investigated infected. Three polymers, polyvinyl of the plastics are
acetate, polyamide, and polyethylene, needed
were discovered.
Microplastic 2015 South Africa  Sediments and  Sediments had 688.9 to 3308 Potential microplastic Potential ecosystem  (Nel and Froneman,

pollution along
the coastline
investigated
MPs in Sediment
Cores
investigated

Investigation of
MPs pollution

Micro and meso
plastics
assessment
along the
coastlines

MPs endorheic
along river
basins
investigated

MPs investigated
surface waters
and fish

2017

2017

2021

2023

2022

South africa,

South africa

South africa

Botswana

surface waters

South africa,
Tokyo Bay
sediments
surface waters

Sediment and
surface waters

Water and
sediments

Sediments from
the river

Surface waters,
and fish (Tilapia
sparrmanii)

particles-m~ 2, while surface waters
had 257.9 to 1215 particles-m ™~ 3.
microplastic

The silt had MPs made of
polyethylene, polypropylene,
polystyrene, polyacrylates,
polyethyleneterphthalates, and
polyethylene-polypropylene, ranged
from 315 nm to 5 mm

MPs identified in sediment and surface
waters ranging from 413.3 to 1200
particles per cubic meter

All the investigational samples
contained MPs. Results indicate that
input areas for mitigation should
concentrate on wastewater treatment
overflow, stormwaters, and surface
waters

Sediment had 56.7 to 399.5 particles
kg — 1, and highest ranged from
1075.7 to 1756.3 particles kg — 1

MPs in surface waters samples from
10.18 to 22.67 items L-1 and 138.18 to
381.67 g m-3.

Higher microplastic abundance in
intestines, followed by stomach and
gills, with prevailing size of 1-2 mm in
fish and 2-3 mm in waters, while
fragments were dominant shape
followed by fibers

pollution

Potential MPs pollution

Potential plastic pollution

This can potentially lead
ecological exposure

Microplastic polllution

Potential pollution

exposure and injury

Potential ecosystem
exposure and injury

Potential ecosystem
exposure and injury

Monitoring and
management in a
harbour
environment.

Potential ecosystem
exposure and injury

For the appropriate
management of
plastics, strict
regulations and
guidelines are
required.

2015)

(Matsuguma et al.,

2017)

(Nel etal., 2017)

(Preston-Whyte

etal,, 2021)

(Kelleher et al.,

2023)

(Ditlhakanyane
etal., 2022)
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Table 3 (continued)
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Study Year Country Study site Results Implication Remarks References

MPs investigated 2021 Mauritius Meso-litter Plastics was dominant litter Microplastic polllution Strict rules and (Mattan-Moorgawa
in aquatics vegetation line zone had higher policies for the etal, 2021)

microplastic fragments. Mostly blue proper management
colored, while polyethylene was of the plastics are
prevalent polymer type needed

MPs investigated 2021 Agricultural soils  Shallow soils had 320 particles.kg-1 Microplastic polllution Potential ecosystem  (Ragoobur et al.,
in agricultural wastewaters and deep soils had 420 particles.kg-1. injury 2021)
soils, effluents and Sludge had 14,750 items.kg-1 and
wastewaters, sludge wastewaters had 276.3 particles. L-1
and sludge Polypropylene, fibers, fragments, and

flakes being abundant in agricultural
soils while polyamide fibers
predominated WWTP

Assessment of 2022 Soils Sands had 6 items per kg Microplastic polllution Potential ecosystem  (Boodhoo et al.,
MPs in public injury 2022; Foolmaun
beaches etal,, 2022)

MP pollution in 2019 West africa  Gastropods L. varicus had fibre and film, whereas ~ Microplastic polllution Potential ecosystem  (Akindele et al.,
river (Lanistes varicus M. tuberculata had only fibre. injury 2019)
investigated and Melanoides ~ Contamination of African gastropods

tuberculata) with polyethylene which resembled
strongly black polyethylene bags that
covered surface waters

MPs in MENA 2023 Northern Marine waters,  Marine waters had 400 items/m3 and  Contamination of aquatic =~ Potential ecosystem (Malli et al., 2023)
ecosystems Africa air, and sediments had 7960 items/kg of ecosystem injury

terrestrial, sediments. Biota had MP ranging from

sediments, and 0 to 7525 per individual across

biota aquatics. Further, air had 56,000
items/g of dust

MPs investigated 2020 North Africa  Surface MPs ranged from 182.66 to Potential pollution (Tata et al., 2020;
from surface sediments 649.33 kg — 1 in sediments Simon-Sanchez
sediment and Fibers were dominant MP etal,, 2022)
litter Polyethylene dominated

Assessment of 2022 Morocco Central Atlantic ~ With fibers, fragments, films, and Microplastic pollution Potential harm to (Abelouah et al.,
MPs pollution coastline of pellets predominating, microplastic aquatic ecosystems ~ 2022a)

Morocco abundances above other world
beaches varied from 7500 items/kg to
34,000 items/kg. Polyethylene
dominating followed by
polypropylene, polystyrene and
polyvinyl chloride, and ethylene-vinyl
acetate

MPs in Namibian 2022 Namibia Sediments from  Sediments had 13.2 particles/kg, Microplastic pollution Potential ecosystem  (Faulstich et al.,
river sediments namibian river ~ mainly polyethylene and injury 2022)
investigated polypropylene

MPs investigated 2023 Mozambique Coastal waters Meso- and micro-litters had 8570 Microplastic pollution Strict rules and (Weideman et al.,
east African items-km — 2,43 g-km — 2, while policies for the 2023)
coastal waters microfibres had 2.4 fibers-L — 1 proper management

of the plastics are
needed

Investigation of 2015 Maputo Bay in Relatively even distribution of MPs, Potential harm to Intervention is (Karlsson, 2015)
the presence of southern the only significant differences ecosystems required
MPs Mozambique regarded macrodebris where the

‘polluted’ site was substantially higher
in abundance
MPs investigated 2021 Somalia Urban areas Urban areas generate more waste Potential harm to Formulation and (Hussein et al.,
plastic from varying sources ecosystems implementation of ~ 2020)
strict rules and
policies for the
proper management
of the plastics

MPs investigated 2023 Sudan Agricultural MPs pollution, with Microplastic pollution Strict rules and (Ni et al., 2023)
from products from polybutyleneadipate-co-terephthalate policies for the
agricultural fields or farm and polypropylene proper management
soils of the plastics are

needed

Marine MPs 2019 Egypt Seawater and Plastic litter and its deposition in Aquatic environments Potential ecosystem  (Shabaka et al.,
investigated shoreline waterways potential polluted with injury 2019)

sediments. MPs

MPs investigated 2020 Egypt Surface waters,  MPs were identified in >75% of the Aquatic environments Potential ecosystem  (Khan et al., 2020)

in fish

fish species

fish samples, with incidence of in their
gastrointestinal tracts75.9% for Nile
tilapia and 78.6% for catfish. Fibers was
frequent by 65%, followed by films
26.5%, and fragments, which are
mostly polyethylene, polyethylene
terephthalate, and polypropylene

potential polluted with
MPs

injury
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Table 3 (continued)
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Study Year Country Study site Results Implication Remarks References
Contamination of 2022 Egypt Protective Daily collections from Hurghada, Severe potential exposure  Potential ecosystem (Hassan et al., 2022)
the marine equipment Alexandria, and Jeddah totaled 3673,  to the ecosystem injury
environment 255, and 848 items, respectively. In
with PPEs each of the three cities, gloves and face
investigated masks made up 40-60% of the total
plastic items recovered, whereas
plastic bags made up 7-20% of the
total plastic litter.
MPs investigated 2021 Egypt Sediment and Highest microplastic abundance Potential injury to marine  Strict rules and (Sayed et al., 2021)
in sediments, water samples recorded, the two most frequently ecosystems policies for the
waters, and discovered polymers in fish are rayon proper management
fishes and polyethylene terephthalate. of the plastics are
needed
MPs investigated 2020 Fish digestive There have been reports of seven Potential icroplastics Potential ecosystem  (Shabaka et al.,
in fish tracts thermoplastic polymers, or MPs, in pollution injury 2020)
fish. Sphyraena viridensis and Atherina
boyeri had the lowest average MP
numbers at 46 and 28, respectively,
whereas Siganus rivulatus had the
highest average MP number at 7527,
Diplodus sargus had the highest
average MP number at 3593, and
Sardinella aurita had the highest
average MP number at 1450.
Microplastic in 2023 Aquatic fauna Predators (Aeshnidae) had the lowest  Increasing plastic Potential ecosystem  (Khedre, 2023)
aquatic insects from water and  MP load per gram, whereas contamination within injury
investigated sediment Chironomidae and Hydrophilidae had aquatic ecosystems
the greatest values. The most frequent
was polyester fibre, polyethylene, and
polypropylene splits
The various insect taxa contained
polyester fibers, and blue hues
predominated in the water, sediment,
and insect flora
Microplastic 2022 Eastern Marine All analyzed samples were Microplastic Potential ecological ~ (Hamid et al., 2023)
contamination Libya organism ie fish contaminated by MPs (100.0%) contamination of marine  injury
in gills and GT ecosystems
of fish
investigated
Microplastic 2023 Libya Mytilus In all samples, MP occurrence was Potential risk of MPs Strict rules and (Abelouah et al.,
pollution galloprovincialis  >75%. Mussels and digestive glands contamination and injury  policies for the 2023)
investigated both had colored MP, with densities of in mussels proper management
1.88 MPs/g, and 0.92 MPs/g, of the plastics are
respectively needed
Microplastic in 2022 surface water MPs were abundant in surface water ~ Microplastic pollution Potential ecosystem  (Ben Ismail et al.,
water and biota samples samples at high levels, only a small injury 2022)
investigated number of the examined species
consumed MPs on average, with a
maximum of 20% of individuals
MPs in freshwater 2019 Tunisia Surface Occurances of colored MPs, with mean Potential MP Strict rules and (Toumi et al., 2019)
investigated sediments value of 2340 objects per kg, while MP  contamination in policies for the
abundance was 6920 items per kg. freshwaters ecosystems proper management
of the plastics are
needed
MPs investigated 2019 Aquatic Colored MPs were extracted with Potential MP in seafood Potential ecosystem  (Abidli et al., 2019;
in biotics organisms concentrations ranging from 704 to and other marine injury Saad et al., 2022)
1483 pieces kgl. organisms.
Plastic pollution 2022 Algeria Sediments Mesoplastics had an average mass that Potential MPs pollution Potential ecosystem  (Grini et al., 2022)
in beach was twice as large as MPs, indicating a injury
sediments significant reservoir of plastics. The
investigated most common forms were
white/transparent pieces and pellets.
Average total plastic concentrations
were 107 items/kg, 1067 items/m2,
and 51 g/m2.
Marine litter 2021 Seafloor litter The highest MPs was 58,998 items/ha, Microplastic pollution Potential ecosystem (Mankou-Haddadi
investigated with plastics accounting for 88% of the injury etal,, 2021)
total.
Plastic in 2013 Surface MPs debris were uncovered in Microplastic pollution Potential ecosystem  (Salim and Driss,
intertidal Sediments deposits up to 13.9%, and most of the injury 2013)
surface material was between 0.5 cm and
sediments 0.1 cm in size.
investigated
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Table 3 (continued)

Study Year Country Study site Results Implication Remarks References

MPs in surface 2021 Surface water MPs, with significantly varying Microplastic pollution Potential ecosystem  (Setiti et al., 2021)
waters quantities 0.3 to 1.3 items/m3 Fibers injury
investigated. have a 32% share of the total, with

fragments coming in second at 27%,
films at 16%, foams at 13%, and
granules at 12%.

MPs pollutionin 2022 Morocco seawater MPs abundances ranged from 0.048 to Microplastic pollution Potential ecosystem  (Abelouah et al.,
ocean was 3.305 items/m3. Surface seawater injury 2022b)
investigated from metropolitan areas had a larger

concentration of MPs than villages and
rural locations. Thet most popular
materials after PET-53.8%, were PP
24%, PA 7.6%, PS 6.9%, PVC 2.6%, EVA
2.6%, PUR 1.4%, and AC-0.8%. Fibers
accounted for >50% of the most
common shapes. Most MPs (71%)
featured colorful characteristics and
were under 2 mm in size.

Assessment of 2022 Sediments from  The average MPs density increased Microplastic pollution Strict rules and (Ben-Haddad et al.,
MPs pollution Moroccan urban  from 915 MPs/kg in 2018 to 1448 policies for the 2022)
in sediments beaches MPs/kg, indicating rising pollution proper management
of the plastics are
needed
Investigation of 2023 Cameroon Southern For E. fimbriata, P. senegalensis and Microplastic pollution Potential harm to (Mboglen et al.,
ingestion of Coastline P. typus numerous MPs particles were aquatic ecosystems ~ 2019)
MPs by identified.
Ichthyofauna The majority of MPs came in a variety

of colors, symbolizing its origin.
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Fig. 2. Represents reports of MPs contamination (a) MPs in coastal areas, sea waters, effluents, and sludge, (b) MPs in agricultural soils and fresh waters, (c) MPs in fresh waters organisms
including Gastropods, and (d) MPs in sediments and marine organisms. Base map data source: OCHA, https://data.humdata.org/dataset/cod-ab-tza. Map created by authors.
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Egessa et al., 2020), where they eventually accumulate, and may create
harm to fresh waters organism. For example, trans-boundary rivers in-
cluding the Nile River connecting ten additional African countries in-
cluding Burundi, Tanzania, Rwanda, Democratic Republic of the Congo,
Kenya, Uganda, Sudan, Ethiopia, South Sudan, and Egypt. Clean water
is necessary for hygiene (Vuai et al., 2022; Ripanda et al,, 2022a) and
wellbeing of the entire ecology. The incidence of MPs pollution in our
water sources raises concerns not only about water hygiene but also
for the long-term availability of safe drinking water. Therefore, address-
ing MPs contamination is crucial to ensure clean and sustainable water
resources for present and future generations.

MPs can enter soils because of agronomic practices, like use of arti-
ficial plastic mulch that is not biodegradable and irrigation systems
(Abdellatif et al., 2023; Deme et al., 2022; Ayeleru et al., 2020; Mihai
et al., 2022; Preston-Whyte and Maes, 2022; Shilla, 2019; Egessa
et al,, 2020), potentially impacting agricultural productivity and the
quality of water resources. The impacts of microplastic pollution in
SSA extend beyond environmental concerns. Apart from MPs, they
may further chemically disintegrate to release chemicals such as sty-
rene monomer, styrene dimer, and styrene trimer (Bernstein, 2010),
which extends to secondary effects such as development of cancer. Fur-
ther styrene is a suspected human carcinogen (Bernstein, 2010). Since
BPA and PS oligomer are not present in nature, they must be
byproducts of the breakdown of plastic (Bernstein, 2010). Sub-
Saharan Africa, alone, more than two billion individuals, or fish is the
principal source of animal protein and micronutrients for around 30%
of the African population (De Graaf and Garibaldi, 2015). The inland
fishery sector employs approximately 40.4% of the 12.3 million people
working in the fisheries and aquaculture sector, which also significantly
contributes to food and nutrition security (De Graaf and Garibaldi,
2015; Beintema and Stads, 2017). Between 3 and 10% of the GDP of nu-
merous SSA countries, including Chad, Mali, Tanzania, and Uganda,
comes from freshwaters fisheries (Muringai et al., 2022). If fish popula-
tions are impacted by microplastic contamination in this situation,
there would be significant economic consequences (Yusoff et al.,
2021), requiring intervention.

Additionally, if coastal regions are visibly contaminated with MPs, it
may have an adverse effect on tourism, an important economic sector in
the area (Rahman et al., 2023a; Mcllgorm and Xie, 2023a; Lubchenco
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and Haugan, 2023). According to the most recent conservative UNEP es-
timates, plastic accumulation in the marine environment has a variety
of negative effects (Avio et al.,, 2017), ranging from the aesthetic impact
of litter and the financial costs of beach cleaning to adverse biological
and ecological effects that would cause $13 billion in annual economic
harm to marine ecosystems (Avio et al., 2017). While the world has
been aware of MPs for many years, a growing trend in study has led to
reports (Ryan, 2015), that the world produced 279 million tonnes of
plastic in 2011. In 2021, there were 353.3 million tonnes of plastic gen-
erated and 390.7 million tonnes of plastic produced globally, with 15%
of plastics reportedly recycled. Many of the 17 million tonnes of plastic
waste produced annually in SSA are reportedly thrown in open landfills
(Musah et al., 2021; Idowu et al., 2019). As a result, plastic debris makes
its way into the ocean, lakes, and rivers (van Emmerik and Schwarz,
2020; Valdenegro-Toro, 2016; Kaye and Cousteau, 2010). During this
time SSA awareness on MPs was minimal despite the possibilities of
their existence due to common sources. From the first global awareness
on MPs, Fig. 3 indicates the number of published articles reporting
aquatic microplastic pollution globally. Again, the quantity of imported
plastics is an indication of physical trans-boundary movements of
microplastic sources across the world. A predictive geological time
scale indicates that, future formation of oceanic petroleum products
and sedimentary rocks will have microplatics contaminants as one of
their compositions due to gradient deposition of MPs in aquatics.

4. Implications of microplastic pollution

The effects of environmental microplastic contamination, its impacts
on human health, and well-being are significant. As tiny plastic particles
infiltrate various ecosystems and food chains, humans are increasingly
exposed to these pollutants through multiple pathways, leading to po-
tential adverse effects (Lehel and Murphy, 2021). Ingestion of MPs
(Liang et al.,, 2021; Mihai et al., 2022; Preston-Whyte and Maes, 2022;
Lehel and Murphy, 2021; Wu, 2022), through contaminated food and
water is among the concerns regarding microplastic pollution. Reports
(Abdellatif et al., 2023; Liang et al., 2021; Mihai et al., 2022; Preston-
Whyte and Maes, 2022; Egessa et al., 2020; Lehel and Murphy, 2021;
Wu, 2022), indicates that a wide range of food products, including sea-
food, drinking water, and even air-borne particles contained MPs, which

Fig. 3. Published articles globally on aquatic microplastic contamination, including report of aquatic organism exposure. Global map shape file source: https://app.datawrapper.de/, pub-

lication data from SCOPUS database.
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may potentially harm environmental health. Consumption of contami-
nated items by human, and other organisms (Laermanns et al., 2021;
Zhang, 2017; Ballent et al., 2016; Lehel and Murphy, 2021), MPs can
enter the gastrointestinal tract, raising concerns about their potential
impacts on digestive health and nutrient absorption. Futher, MPs can
adsorb and accumulate toxic chemical elements including cadmium,
lead, and nickel (Turna Demir et al., 2022; Khalid et al., 2021), from
the surrounding environment or may chemically disintegrate to release
waste chemicals that may potentially harm the entire ecology. Such pol-
lutants may include polychlorinated biphenyls (PCBs), a persistent or-
ganic pollutant (POPs) (Ripanda et al., 2023; Miraji et al., 2021;
Ripanda et al., 2022b; Ripanda et al., 2023a; Hossein et al., 2023a;
Ripanda et al., 2023b; Hossein et al., 2023b), pesticides (Hossein et al.,
2023a; Hossein et al., 2023b; Ripanda et al., 2021; Makaye et al., 2022;
Sk et al., 2019), and heavy metals (Nyanza et al., 2014; Rwiza et al.,
2022; Rwiza and Kim, 2016; Nkinda et al., 2021; Nyanza et al., 2020;
Charles et al., 2013; Bosse Jonsson et al., 2013). When MPs are ingested,
there is a risk of these harmful substances being released and absorbed
into the body, potentially leading to long-term health issues (Kirkman
et al,, 2020; Landrigan et al., 2020), including endocrine disruption, de-
velopmental disorders (Ejaredar et al., 2015), and increased risk of cer-
tain cancers.

The inhalation of airborne MPs is another growing concern. Recent
studies have found MPs in atmospheric samples, indicating that humans
may be exposed to these particles through inhalation (Ageel et al.,
2022). The potential impacts on respiratory health and the respiratory
system are not yet fully understood, but the incidence of MPs in the
air raises worries about their ability to reach delicate lung tissues and
cause inflammation or other respiratory complications (Prata et al.,
2020; Campanale et al., 2020; Lu et al., 2021). Microplastic pollution
also poses social and environmental justice concerns. Vulnerable com-
munities, particularly those living in areas with limited waste manage-
ment infrastructure or near plastic production and disposal sites
(Abdellatif et al., 2023; Crawford and Quinn, 2016; do Sul and Costa,
2014; Pérez-Guevara et al., 2021; Laermanns et al,, 2021; Zhang, 2017;
Ballent et al., 2016), may face higher exposure to MPs and associated
health risks (Prata et al., 2020; Campanale et al., 2020; Lu et al., 2021).
This includes coastal communities heavily reliant on seafood as a food
source and livelihood, and marginalized communities living near plastic
waste dumps or in areas with high levels of plastic pollution (Mihai
et al., 2022; Bennett et al., 2021).

In Sub-Saharan Africa, rivers, lakes, and coastal regions offer vital
homes for a variety of aquatic creatures (Campanale et al., 2020; Lu
et al.,, 2021; Sahni et al., 2023). Therefore, occurrence of MPs can cause
physical damage to their digestive systems, impair their feeding capa-
bilities, and lead to malnutrition or starvation (Prata et al., 2023). Ac-
cording to Prata and Coallegues, 99.7% of the fourth-instar C. riparius
gut is filled with microscopic MPs in high quantities (Prata et al.,
2023). There are reports of marine creatures being polluted with MPs,
including identification of microplastic flagments in Mytilus
Galloprovincialis, fibers in Aulacomya atra, and fragments in Crassostrea
gigas (Bajt, 2021). The average size of further consumed MPs was
38-61 pm, and they were eliminated at a slower rate than undigested
organic or mineral particles (Prata et al., 2023). Microplastic ingestion
rates are primarily determined by encounter rates, and hence by acces-
sible concentrations, until they approach a plateau corresponding to the
maximal stomach volume (Prata et al., 2023). According to reports,
damage to the gut epithelium causes inflammation, the production of
reactive oxygen species, as well as a negative energy balance exacer-
bated by MPs (Bajt, 2021). Rather than a loss in nutritional absorption,
long-term toxicity is characterized by a decrease in larval body length
and an increase in emergence time (Prata et al., 2023). In a similar
vein, environmental levels in hotspots may already be higher than no
impact levels, and wild Chironomids had MPs in their stomachs. Envi-
ronmental exposure to MPs may have negative impacts on wild
C. riparius in freshwater benthic habitats, jeopardizing their ecological
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function as foundational species and deposit-feeders in aquatic food
webs across the globe.

According to reports, exposure to MPs might cause histological and
molecular changes in fish gonads, which could have a negative effect
on the fish reproductive system (Qiang and Cheng, 2021). After three
weeks of constant aquatic exposure, Chiang and Cheng reported that
no appreciable variation was seen at a dose of 10 g/L (Qiang and
Cheng, 2021). Reactive oxygen species (ROS) levels higher than
100 g/L were discovered in both male and female gonads and liver
(Qiang and Cheng, 2021). Further, at 1000 g/L, male testes showed sig-
nificantly higher levels of apoptosis, which enhanced the expression of
p53-mediated apoptotic pathways was altered, resulting in a significant
reduction in testis basement membrane thickness (Qiang and Cheng,
2021). Further, pesticides and other harmful contaminants, like heavy
metals, could potentially be transported via MPs. These contaminants
may stick to the surfaces of MPs when they enter the environment, in-
creasing environmental pollution by possibly transferring hazardous
compounds to organisms (Qiang and Cheng, 2021; Gkoutselis et al.,
2021; Sridharan et al., 2021; Galloway et al., 2017). Several fungal spe-
cies, including significant causative of diseases in animal and plant
that made up the plastisphere core mycobiome, have been shown to
thrive in the terrestrial plastisphere, according to Gkoutselis and
Coallegues' observations (Gkoutselis et al., 2021). Additionally, MPs
work as well-chosen artificial microhabitats that draw fungi communi-
ties as well as a variety of opportunistic human infections like crypto-
coccal and Phoma-like species (Gkoutselis et al, 2021). In this
instance, MP was thought to be a long-lasting reservoir and potential
vector for fungi infections in soil conditions.

5. Future of microplastics in sub-Saharan Africa

The need for SSA to address microplastic pollution is evident. To en-
sure microplastic free environment SSA needs to improve waste collec-
tion, segregation, and recycling infrastructure (Hira et al., 2022; Sarkar
etal,, 2022). In most developing countries, design for removal of emerg-
ing contaminants (Hossein et al., 2018; Ripanda et al., 2023; Miraji et al.,
2021; Ripanda et al., 2023a; Hossein et al., 2023a; Ripanda et al., 2023b;
Hossein et al., 2023b; Makaye et al., 2022; Sk et al., 2019; Miraji et al.,
2023; Miraji et al., 2014; Hossein, 2019; Miraji et al., 2020; Miraji
et al,, 2016; Ripanda and Miraji, 2022; Hossein et al., 2022), such as
MPs is lacking. A study by Chaerul and Coallegues reported that in Ban-
dung, Indonesia, with the generation rate of 25.1 g per day, the overall
amount of plastic packaging waste (PPW), produced by 2.3 million, is
58.4 t per day equivalent to 4% of municipal solid waste produced
(Chaerul et al,, 2014). Whether these findings can be utilized to explain
the situation in other emerging nations, such as SSA countries, remains
unclear. Furthermore, the municipality's poor management of PPW is
related to the absence of integrated municipal solid waste (MSW) man-
agement (Chaerul et al., 2014). The informal sector dominates the as-
sortment of valuable wastes, including plastics, with little regard for
health and safety of workers (Chaerul et al., 2014). According to the pre-
dictions, the entire amount of plastics recycled by different informal
waste recycling actors, such as scavengers, junkmen, intermediaries,
and dealers, is 27.5 t per day, or 64.6% of the total amount of PPW cre-
ated (Chaerul et al.,, 2014). Designing and implementing management
plans that call for the ethical disposal and recycling of plastic items is es-
sential (Sarkar et al., 2022; Oberoi et al., 2021). Recycling plastics was
recommended by Joseph and Coallegues as a response to the problem
of plastic pollution (Joseph et al., 2021). Coordination between the
healthcare industry and recycling companies is also required to address
issues with medical plastic recycling (Joseph et al.,, 2021). Sustainability
requires the deployment of cutting-edge recycling technologies (Miraji
etal., 2023). Similarly, the recycling potential of plastics used in medical
applications should be considered (Oberoi et al., 2021; Joseph et al.,
2021). Including public education programs to inform people of the
dangers of microplastic pollution and the value of using plastics
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responsibly (Hammami et al., 2017; Sandu et al., 2020). According to a
study by Charitou and Coallegues, participants were not informed
about the EU single-use plastics legislation, things that will be banned,
or marine plastic pollution (Charitou et al,, 2021). Participants did, how-
ever, exhibit a willingness to pay and take action to limit their plastic
trash, among other positive attitudes (Charitou et al., 2021). This indi-
cates that educating the public on ecological consequences of plastic
pollution will help to archive plastic free environment globally. There-
fore, emphasis for behavior change, such as reducing plastic consump-
tion, reusing plastic items, and proper disposal of plastic waste is
needed. Investing in research initiatives to know the sources, distribu-
tion, and MPs ecological impacts in SSA context is inevitable. It is neces-
sary to support monitoring programs to assess the extent of
microplastic contamination and its consequences on ecosystems health
in SSA and the world at large (Makando, 2020; Kandziora et al., 2019;
Knoblauch and Mederake, 2021; Adam et al.,, 2020; Nwafor and
Walker, 2020). There is a need to develop and enforce policies and reg-
ulations that aim to reduce plastic pollution (Makando, 2020; Kandziora
et al., 2019; Knoblauch and Mederake, 2021; Adam et al., 2020; Nwafor
and Walker, 2020). This may include banning or restricting plastics in-
cluding single use plastics, promoting sustainable alternatives, and im-
posing penalties for non-compliance. To engage in international
cooperation and share best practices, knowledge, and experiences in ad-
dressing microplastic pollution (Alpizar et al., 2020). For example, the
bill, to prohibit plastic bags use intended to ban all plastic bags for retail
packaging, the production and importation of those bags, and residen-
tial consumption, was approved by the Nigerian government in May
2019. The Nigerian government's proposed bill is modelled after harsh
laws already in place throughout Africa (Makando, 2020; Kandziora
et al,, 2019; Knoblauch and Mederake, 2021; Adam et al., 2020;
Nwafor and Walker, 2020). To collaborate with international organiza-
tions (Miraji et al., 2021; Obura, 2005; Le Corre et al., 2012; Kerubo
etal, 2021), neighboring countries, and research institutions to develop
joint initiatives and share resources. To encourage industries to adopt
sustainable production practices (Machiwa, 2010; Duhec et al., 2015;
van der Elst et al., 2009), decrease the use of MPs in their products,
and promote eco-friendly alternatives.

The need to support initiatives that promote the circular economy
(Makando, 2020; Kandziora et al., 2019; Knoblauch and Mederake,
2021; Alpizar et al.,, 2020), where the rate of plastic recycling and
reusing is higher than discarding. The involvement of local communi-
ties, including coastal residents and fishing communities (Ferreira
et al, 2021; Kaviarasan et al., 2022), in microplastic pollution manage-
ment efforts is key. This provide training and resources for
community-led clean-up activities and sustainable waste management
practices (Faseyi et al., 2023), to ensure environmental health. The
need to invest in research and development of innovative technologies
for microplastic detection, filtration, and remediation, is essential for
creating microplastic fee future (Pico et al, 2019; Mishra and
Ahmaruzzaman, 2022; Wang et al., 2020b). This will support the devel-
opment of cost-effective and sustainable solutions in SSA (Obura, 2005;
Le Corre et al., 2012; Machiwa, 2010; van der Elst et al., 2009;
Kaviarasan et al., 2022; Faseyi et al., 2023), to tackle microplastic pollu-
tion in the region.

6. Recommendations

Sub-Saharan Africa requires a multi-faceted approach to address
microplastic pollution (Do and Armstrong, 2023). It involves improv-
ing waste management infrastructure, promoting ecological practices,
and raising awareness on the impacts of plastic contamination on
the ecosystems and human health (Rahman et al., 2023a; Mcllgorm
and Xie, 2023a; Lubchenco and Haugan, 2023; Do and Armstrong,
2023). Collaborative efforts among governments, non-government or-
ganizations (NGOs), and local communities are crucial for employing
operative waste management strategies, encouraging reprocessing
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initiatives, use of recyclable plastics, and developing policies to adjust
the use and disposal of plastic products (Wu, 2022; Moh, 2017). As-
sessment and monitoring programs focusing on quantifying the extent
of microplastic contamination and evaluating its ecological and health
impacts will aid to archive a sustainable and plastic-free future in SSA
is possible. This can be achieved by building local capacity, fostering
international collaborations, and implementation of evidence-based
interventions, to mitigate the risks posed by microplastic and promote
environmental health in SSA. Strategies to prevent release of plastic to
the environments, promoting recycling and sustainable alternatives to
single use plastics, and raising awareness about the impacts of
microplastic on ecosystems (Qiang and Cheng, 2021; Gkoutselis
et al.,, 2021; Sridharan et al., 2021; Galloway et al., 2017). Research
to understand pathways and impacts of MPs and its role in deteriora-
tion of the total environment and ecological health, enabling evidence-
based policies and mitigation measures and their implementation. This
will safeguard the ecosystems from the impacts of microplastic and
promote sustainable environmental health, protect biodiversity,
maintain ecosystem services, and promote a sustainable future for
SSA. The governments, organizations, and individuals perform a role
in reducing plastic consumption, improving waste management prac-
tices, and supporting the development of sustainable alternatives
(Sahni et al., 2023; Ncube et al.,, 2023; Debnath et al., 2023), for
heathier environment. Robust monitoring and research efforts on
microplastic pollution and the extent of human and other organisms
exposure, to understand the health risks associated with MPs (Sahni
et al,, 2023; Ncube et al., 2023; Debnath et al., 2023), and inform
evidence-based policies and interventions are required. Furthermore,
public awareness and education campaigns are crucial in promoting
behavioral changes and responsible plastic use (Debnath et al.,
2023). Societies may lessen the potential negative effects of
microplastic pollution on human health and work towards a cleaner,
healthier environment worldwide, especially in SSA, by eliminating
plastic waste at its source and implementing efficient waste manage-
ment systems.

7. Conclusions

An urgent global problem, microplastic contamination has negative
effects on the environment, human health, and the economy. The pres-
ence of MPs in SSA ecosystems poses significant health risks to marine
and terrestrial life, disrupting food chains, impairing reproductive pro-
cesses, and threatening biodiversity globally. The consumption of MPs
by humans and other organisms through contaminated food and
water raises concerns about potential long-term health effects, and
the sustainability of ecosystems. Transboundary water bodies present
a significant challenge in the transportation of MPs. In addition, SSA
economy may be significantly affected as a secondary effect after re-
duced production of aquatic organisms and coastal pollution that
may reduce coastal tourism. Collaborative efforts at local, national,
and international levels are required in addressing microplastic pollu-
tion. Governments, industries, scientific communities, and individuals
must work together to implement effective waste management prac-
tices, promote sustainable alternatives to plastics, and raise awareness
about the impacts of microplastic pollution. Additionally, it is impor-
tant to conduct study and monitor developments to properly compre-
hend the sources, distribution, and ecological effects of MPs. Even
though microplastic pollution presents serious problems, there is
cause for hope. Therefore, increased awareness and public engage-
ment, combined with concerted collaborative actions, can drive posi-
tive change towards microplastic pollution free environment. The
inclusion of proactive measures, supporting innovative solutions, and
embracing sustainable practices, the ecological and human health
risks linked with microplastic contamination can be mitigated.
This will lead to a cleaner, healthier, and more sustainable future
globally.
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