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INTRODUCTION

The COVID-19 is a contagious ailment instigated by acute respiratory syndrome corona
virus 2 (Fig. 1). The virus was originally detected in December 2019; from the Hunan seafood
market in Wuhan, China, from whence it gained worldwide spread via human movements
across cities and countries, affecting almost every country of the world and was pronounced a
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pandemic (Hui et al., 2020; WHO, 2020; Dai, 2020; Elsaida et al, .2021; Cascella, 2022). During
the peak of the disease pandemic, several preventive measures were rolled out by public health
experts and organizations to curb the rapid spread/transmission of the disease from person
to person. The measures involved limited social gathering, clothing with PPEs, use of hand
sanitizers, and wearing of masks, gloves, goggles by both citizens and medical personnel (Jribi
et al., 2020; Ogunji et al., 2021). Furthermore, therapeutic measures included treatment with
important pharmaceutical drugs, orthodox and unorthodox medicines, as available options to
desperately curtail and treat the disease. Most of the COVID-19 materials are made of plastic
or packaged with various types of plastic materials (polystyrene, polycarbonate, polypropylene,
polyvinyl chloride, polyethylene) (Prata et al., 2021; Ray et al., 2022), hence serve as potential
source of microplastics.

The COVID-19 pandemic intensified the use of plastic products in protecting human
populace from transmittable disease (Prata et al., 2020; Ma et al., 2021; Patricio Silva et al., 2021;
Shukla et al., 2022). Demand for masks and other PPEs has increased exponentially following the
outburst of the pandemic. Face masks amounting to billions are consumed worldwide on daily
basis (Ma et al., 2021) and these materials enter into the aquatic environment as waste following
the reckless and indiscriminate disposal, without recourse to their impact on the environmental
health (Hartmann et al., 2019; Henderson and Green, 2020; Aragwa, 2020; Olaiya, 2022). On
the other hand, these waste materials can leach out from medical, industrial, and public waste
facilities into the environment as a result of poor handling and managing of waste (Doremalen
et al., 2020; De-la-Torre and Aragaw, 2021). Consequently, some of the waste materials find
their way into the aquatic ecosystem via discrete or indiscrete pathways (Alimi et al., 2021; Issac
and Kandasubramanian, 2021; De-la-Torre and Aragaw, 2021; Iheanacho et al., 2021; 2022),
and consequently pollute the aquatic systems with more plastics, while complementing other
sources (shipment, photo-degradation, industrial effluent, fishing gears, etc.) of microplastics
into the aquatic ecosystems (Plastic Europe, 2018; Pico and Barcelo, 2019; Iheanacho and Odo,
2020a,b; Yahaya et al., 2022). There have been numerous reports of occurrence of COVID-19
wastes (PPEs) in the aquatic habitat (Stokes, 2020; Rhee, 2020; De-la-Torre and Aragaw, 2021).
Depending on the type and characteristics of plastics, some can be neutral, positive, or negatively
resilient in column and sediment of the aquatic system (De-la-Torre and Aragaw, 2021). For
example, less dense polymers (polypropylene, polyethylene, and polystyrene), can stay afloat in
marine water, whereas high-dense polymers (polyvinyl chloride, polyester, polyvinyl alcohol),
can sink deep-down the benthic (sediment) region of the sea (Fadare and Okoffo, 2020; De-la-
Torre and Aragaw, 2021; Alimi et al., 2021). Interestingly, plastics are potential vectors of several
toxicants/pollutants like heavy metals, chemicals, organic compounds, and pathogens in the
aquatic environment (Wingender and Flemming, 2011; Okoro et al., 2019; Wu et al., 2019; Mei
et al., 2020; Bhuyan, 2022).

The presence of MPs from PPEs in the aquatic ecosystem cannot be perceived without
consequences. Uptake and bioaccumulation of MPs released from masks have been reported in
some aquatic organisms like shrimp, copepods, rotifers, scallops, and grouper on sub-chronic
exposure (Ma et al., 2021). Parton et al. (2020) noted the incidence of MPs and fibers in demersal
shark species of the United Kingdom. Gut accumulation and bio-translocation of MPs to other
tissues have been reported in mammalians (Bisht et al., 2020; Wang et al., 2020; Wang et al,,
2019). MP uptake by aquatic species produces detrimental effects on their biological performance
and perhaps extended through bio-magnification along the critical nutrient chain supplies
(food chain and food web) (Ma et al., 2021; Kavya et al., 2020), which causes harms to higher
vertebrates including humans (Shukla et al., 2022). Polystyrene PS-MP ingestion resulted in
oxidative distress and intestinal injury in Zebra fish (Dano rerio) (Lei et al., 2018), and decreased
growth in Mollusca (Crepidula onyx) (Lo and Chan, 2018). MP ingestion by zooplankton-like
copepods affected fertility, feed habit, and general performance (Cole et al., 2015). The possible
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impacts on human health include headache, infertility, respiratory failure, developmental
disorders, hormonal imbalance reduced appetite, etc. (Issac and Kandasubramanian, 2021).
This study (review) explored COVID-19 materials as a potential vector of MPs in the aquatic
systems and their potential effects on aquatic organisms and humans largely.

COVID-19 AND THE ENVIRONMENT

The earthly environment is playing a prominent role of sustaining and harboring great
diversity of both living and non-living creatures. The environment is a promoter of many
biotic and abiotic activities that support the function and survival of its various components.
OECD (2005), explicitly interpreted the phenomenon ‘environment’ to mean the whole of land,
air, water, and the interrelations among the trio in connection with humans and other living
organisms. The environment is also a fertile ground for many single-celled organisms to thrive.
The environment and components (including humans and animals) play host to non-cellular
organisms like viruses and viroids. The outburst of COVID-19 permeated the nook and cranny
of the earth with devastating consequence (Ogunji et al., 2021). The COVID-19 pandemic
created many constraints to the human well-being and the environment. The pandemic also
threatened global food security, health and socio-economy (Kumar et al., 2022). The compulsory
lockdown imposed across the world to curtail the distribution of the virus prompted the marked
modifications in ecological paradigm of the different environments (UNSCN, 2020; Jribi et al.,
2020; Ogunji et al., 2021). The implications of COVID-19 include changes in the lifestyle, mode
of human events (adoption of virtual/online activities), commerce, etc. (Dente and Hashimoto,
2020; Yusoft et al., 2021).

COVID-19 and the Atmosphere

The COVID-19 lockdown restricted many activities that contribute to air pollution, thus
reducing aerial contaminants (drastic restrictions of traffic, reduced emissions of dangerous gases
from automobiles, factories, and burning of fossil fuel) and allowed for air quality improvement
although on a temporal basis (NASA, 2020; Chakraborty, 2020; Kanniah et al., 2020; Nigam et
al., 2021). Drastic reductions of nitrogen dioxide (NO,) and carbon dioxide (CO,) (Hashim et
al., 2021) and other tracers of air pollution were witnessed in many cities of the world including
China (Dutheil et al., 2020; Carbon Brief, 2020), India (Mishra et al., 2021; Mor et al., 2021),
Italy (Malpede and Percoco, 2021), Brazil (Beringui et al., 2022), Spain (Querol et al.,, 2021),
Nigeria (Olusola et al. 2021). Nevertheless, the gases in the atmosphere play a significant role in
the transmission of COVID-19. From a fluid dynamic standpoint, the transmission course of
the virus is facilitated by multifaceted flow kinetics emanating from the air-mucous exchange,
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droplet diffusion, fluid disintegration and droplet deposition surfaces, following possible
gulping by individuals (El-Ramady et al., 2020; Mittal et al., 2020; Ghahvemanloo et al., 2021).
The transmission of COVID-19 in the air is through particle droplets that are deposited and
dispersed via aerial tides (Coccia, 2020; Bilal et al., 2020). According to Coccia (2020) and
Asadi et al. (2020), there is an established connection between air pollution, wind current, and
circulation of COVID-19, suggesting that high concentrations of air contaminants correlate
with squat wind currents, and could result in lengthy dwelling time for viral droplets in the
air. Interestingly, the transmission of COVID-19 has a prominent correlation with the aerial
temperature and pollutants (Ahmadi et al., 2020; Bilal et al., 2020; El-Ramady et al., 2020; Ju et
al., 2021).

Covid-19 and Soil

The soil is an integral part of the environment that harbors large diversities of lower animals
and microorganisms. Furthermore, the soil, depending on its state and characteristics provides
food, fuel, mineral elements and shelters humanity and animals (George et al., 2019; El-Ramady
et al., 2020). The COVID-19 plague aggravated soil contamination following the littering of
the environment with medical bio-wastes and PPEs (surgical gloves, facemasks, hand and
surface sanitizers, aprons) (Lal, 2020; Igbal et al., 2020; Alimi et al., 2021; De-la-Torre and
Aragaw, 2021). The transmission of COVID-19 can be extended to other environments such as
aquatic and air following oxidative processes and the leaching of waste materials (Fadare and
Okoffo, 2020; De-la-Torre and Aragaw, 2021). In addition, the leachates can percolate into the
soil and by extension, reaching the ground waters, hence causing serious harm to soil health,
microorganisms/pathogens (Qian et al., 2020) and polluting the ground waters (Aragwa, 2020;
Ma et al., 2021).

COVID-19 also serves as a vector of MPs, heavy metals, and chemical compounds
(polyaromatic hydrocarbons (PAHs), polybrominated biphenyls (PBBs), and polychlorinated
biphenyls (PCBs)) (Ng et al., 2018; Igbal et al., 2020; Neckel et al., 2021; Yang et al., 2021; Xu et
al., 2020; Kicinska et al., 2022). Weathering, fragmentation, and photo-degradation of plastic-
based PPEs can lead to breakdown into microfibers, MPs, and NPs in the soil (Wang et al., 2020;
Yang et al., 2021; Issac and Kandasubramanian, 2021) and percolate into the soil via natural
(leaching, wind and surface runoft) processes (Lu et al., 2020; Xu et al., 2020). The porosity of
soil enables the downward migration of MPs via the soil pores (Yang et al., 2021). High-level
contaminants of copper and iron in the cemeteries’ soil were confirmed to be connected to
COVID-19 deaths.

Covid-19 and water

The water habitat is made up of diverse ecologies (from their sources to their mouths) and
the shore environment, interrupted by brooks and water courses (Qadri and Bhaf, 2020; Hart
and Heldon, 2020; Yusoff et al., 2021).The water ecosystems (lakes, wetlands in flood plains
rivers which form the lotic-lentic water body complex) and coastal waters swiftly returned to
normalcy (general upgrade in water quality) following the reduced anthropogenic influence
prompted by the COVID-19 lockdown (Liu et al., 2022; Yunus, 2020) which was reversed
after the lockdown period (Liu et al., 2022). The general trend showed an upgrade in water
quality parameters during the lockdown (Tokatli and Varol, 2021; Yusoft, 2021). Heavy metal
(Chromium, Nickel, Zinc, Copper, Arsenic, lead, and Cadmium) levels in waters declined
substantially following the COVID-19 lockdown, leading to a reduced heavy metal pollution
index (low ecological risk) (Chakraborty et al., 2021). Further evidence for the respite of the
environment during the lockdown was seen in the upgrade of ground water where the levels of
Na*, K, CI, NO, reduced, and there was increased HCO, "ion concentration (Karunanidhi et
al., 2020). The limited operational status of most industries during the lockdown decreased the
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volume of industrial wastes drastically, resulting to substantial upgrade of surface water quality
for metal(loid)s (Tokatli and Varol, 2021; Chakraborty et al., 2021). The rejuvenation of rivers
and streams to proper and semi-rich health conditions from densely polluted state was linked
to the COVID-19 lockdown (Chakraborty et al. 2021). Wagh et al. (2021) reported a decline
in algal bloom and dissolved organic matters following the reduced effluence releases from
industries during the COVID-19 lockdown. Additionally, COVID-19 lockdown encouraged
the improvement of groundwater health from early contamination (Karunanidhi et al., 2021).

COVID-19 necessitated massive environmental disinfection exercises all over the globe,
which led to the transportation of disinfection byproducts (DBP) and PPEs waste into the aquatic
environment via surface off and wind action (Cortti et al., 2019; Ardusso et al., 2021; Saliu et al.,
2021). On the other hand, acute concentrations of pharmaceuticals (those used for the treatment
of COVID-19) increased in wastewater effluents and surface water (Zhang et al., 2020; De-la-
Torre et al,, 2021). Zhang et al. (2020) reported substantial levels of pharmaceutical drugs (used
for COVID-19 treatment) in the aquatic environment. In recent times, lethal concentrations of
azithromycin (AZT) and hydroxychloroquine (HCQ) (popular drugs for treating COVID-19)
have been detected in rivers, and streams due to direct disposal of hospital wastes or through
leaching from waste containers and landfills (Ansari et al., 2019; Urban and Nakada, 2021).

The aquaculture and fisheries sectors could be at risk due to the presence of COVID-19
biowaste from human excreta, wastewaters, and sludge, transported to the water ecosystems,
hence threatens food safety and security (El-Ramady et al., 2020; Ghahvemanloo et al., 2021).
Yusoff et al. (2021) stated that COVID-19 pandemic-associated aquatic contamination might
cause a high risk to aquatic food security and human health. The transportation of COVID-19
(SARS-CoV-2) to natural waters from wastes waters can occur in countries with inefficient waste
water management systems or those with zero sewage treatment (developing world), where raw
sewage is directly discharged into natural water bodies (De-la-Torre and Aragaw, 2021; Yusoff,
2021).

COVID-19 WASTE AS A BASIS OF MPS IN THE WATER ENVIRONMENT.

The surge of COVID-19 disease pandemic prompted several safety actions. This was in a bid
to mitigate the spread of this dreaded virus. These actions included compulsory use of Personal
Protective Equipment (PPE) and nose masks in public places, partial/total lockdown and a ban
on public gatherings (such as religious places, markets, banks, etc.) (Rakib et al., 2021; Siam et al.,
2020). The COVID-19 pandemic prevention and/or control measures amid poor disposal and
management mechanisms could have accentuated the occurrence of MPs in the environment.
This is because the majority of the PPEs, hand sanitizers, face masks, vaccine bottles, coatings,
and syringes are mostly made of MP materials (Fig. 2). Due to the high-speed of fragmentation,
environmental pollution from MPs has tremendously become a source of concern; aiding the
transfer of chemical toxicants contained in the MPs when subsequently ingested by aquatic
organisms (Hermabessere et al., 2017; Gumeiro et al., 2018; Li et al., 2020; Weis, 2020; Yossuf et
al., 2021). This, therefore, is a potential risk for humans and their health given that the exposure
to MPs by the consumption of contaminated seafood is highly probable; as well as posing a
great challenge to food security (Cole et al., 2011; Conkle et al., 2017; De-la-Torre, 2020). Saliu
et al. (2021) estimated the quantity of microfibers released into the marine environment from
surgical facemasks alone. According to their study, after one hundred and eighty (180 H) hours
of UV light exposure and vigorous stirring in artificial seawater, up to 173,000 fibers per day
from one facemask could be released.

Across the globe, MPs have been reported to increase in worrisome quantities in the
environment, most of which end up in the aquatic environment through different sources,
mostly terrestrial (Ng et al. 2018; Liu et al., 2021). About 400,000 particles of MP pollutants have
been recorded per square kilometer of the Great Lakes of the USA alone (Eerkes-Medrano et
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al., 2015). This is fast becoming a major issue of global concern that could have multiple effects;
not just on the aquatic biota but also all life forms that depend on the aquatic environment
and on humans by extension via contaminated aquatic food sources (Van-Cauwenberghe and
Janssen, 2014; Rochman et al., 2015). The aquatic environment is important in various ways for
different categories of individuals. These include being a source of water (drinking, washing, etc)
for different households, and recreational purposes, and also a source of food materials (fish,
crustaceans, mollusks, edible salt, aquatic weeds). Very worrying is that MPs have been detected
in some of these food materials (Van and Janssen, 2014; Bellas et al., 2016; Guzzetti et al., 2018;
Chaukura et al,, 2021). Aside from these negative effects recorded, MP contamination also
could lead to economic drawbacks emanating from reduced tourist attraction for tourist centers
and maritime industries (GESAMP, 2015; Raynaud, 2014; Thevenon et al., 2014). Highlighted
below are critical sources of COVID-19-related MPs in the aquatic systems.

Personal Protective Equipment (PPEs)

Generally, PPEs (Nose/face masks, aprons, gloves) used during the COVID-19 pandemic
to curb the distribution of the virus are made of plastic polymers (Parashar and Hait, 2021;
Babaahmadi et al.,, 2021; de Sousa, 2021). An estimated monthly requirement for hand gloves
and masks worldwide is 65 billion and 129 billion, respectively (Prata et al., 2020). The vast
production of these PPEs, particularly hand gloves and face masks contributed to the upsurge
of MPs in the environment (Benson et al., 2021). PPEs have been instrumental alongside
the vaccines and other preventive measures applied by different countries to achieve success
crosswise the world in curbing the effects of the disease. However, it sounds disturbing due
to the challenge it poses in the management of solid wastes and the tendency of these single-
use plastics to readily release the several classes of plastic (macro-, meso-, micro-nano-plastics
microfibers) into the environment (Dissanayake et al., 2021; Rhee, 2020; Kutralam-Muniasamy
et al., 2022). Many of the PPEs are trapped in the streams, lakes, bays, brooks, canals, and
littering municipal areas (Canning-Clode et al., 2020; Dissanayake et al., 2021). Rhee (2020)
stated that indirect infection with COVID-19 (an infection that occurs as a result of exposure to
improperly disposed of PPEs rather than contact with an infected person) is possible. MP fibers
can also penetrate the soil column and may get to the ground water level when left for a long
period as a consequence of indiscriminate disposal and improper waste management (De-la-
Torre, 2020; Dissanayake, 2021).

Fabrics and textiles

Based on multiple environmental sampling carried out to identify MP particles, fibre was
the commonest and the most abundant MPs in the environment (De-la-Torre, 2020; Benson
et al,, 2021; EEA,2022). Fibers are predominantly reported to be released from textiles (Carney
Almroth et al., 2018). Most PPEs are made from fabrics and loosely bound plastic fibers. In
particular, the one-use face masks are made of non-woven materials (e.g., spun-bond and melt-
blown spun-bond), with polypropylene and polyethylene (Silva et al., 2021; Fadare and Okoffo,
2020), and the gloves are mostly made of different plastic materials (Low-Density Polyethylene,
nitrile, latex, vinyl) (Briassoulis et al., 2004; Lambert et al., 2013; Sen and Raut, 2015). The waste
from PPEs can potentially release fibers up to seven (7) times more than newly disposed of
ones (Chen et al., 2021). These fibers can be discharged into the environment after disposal
(Chen et al,, 2021), like the discharge of microfiber from fabric and textile materials during
laundry (Hernandez et al., 2017; Kelly et al., 2019). MP fibers are released through abrasion
when synthetic textiles are washed via industrial laundries and households. However, it’s
important to note that the aging of garments affects the number of MP fibers that are eventually
released during washing i.e., more fibers are released as particular textile age from use and reuse
(Carney Almroth et al., 2018). This is in line with the discovery of Bruce et al. (2016). The
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authors observed that old garments give off a higher quantity of fibers compared to newer ones.

MP fibers discharged during laundry find their way to the ocean from sewage water (Browne
et al. 2011; Magnuson et al., 2016). About 100-300 fibers per liter could be potentially released
from laundry wastewater (Brown et al. 2011). In a similar study, Napper and Thompson (2016)
reported that no fewer than 700,000 fibers are released from washing 6 kg of laundry, leaving so
much to ponder on, given that even higher numbers are expected as consumption increases over
the years. From the foregoing, it’s obvious that textile fibers of both natural origin (wool, linen,
and cotton) and synthetic origin (polyester, polyamide) are present in the marine environment
(Bhuyan et al., 2022). This has been reported by many researchers in many in situ sampling
studies both in open water and marine sediments (Mathalon and Hill, 2014; Remy et al,,
2015; Browne et al.,, 2011). These synthetic fibers have been shown to have negative effects on
organisms. For instance, there was an increase in the mortality rate in Daphnia magna found to
have ingested polyester fibers (Jemec et al., 2016).

Facemasks

Wearing of face mask is one of the important safety measures adopted during and after the
COVID-19 pandemic, hence prompting the surge in the production and use of face masks
globally (Saadat et al., 2020; Dissanayake et al., 2021; Selvaranjan et al., 2021a, b). A survey
study between 2020-2021 revealed that a minimum of 1381 million face masks were released
daily in South Korea, indicating that seventy percent of the country’s municipal populace uses
one (1) face mask daily (Dissanayake et al., 2021). The number significantly rose to a whopping
5707 million microfiber-based face masks on an average of four (4) face masks per individual
daily. In similar research conducted by Benson et al. (2021), it was discovered that not less than
twelve (12) billion medical and fabric face masks including surgical-grade (SG), Filtering face
Piece 2 (FFP2), and Homemade (HM) facemasks made from fabrics are discarded monthly in
Africa. This leaves the status in the neighborhood of about 105,000 tons of face masks per month
which could find their way into the environment and ultimately into the aquatic environment.
Invariably, this estimate was directly proportional to the population of the country which
was obtained by estimating the number of compliant population (those who used face masks
as standard procedure for use in public gatherings). According to Benson et al. (2021), this
evidenced that about fifteen (15) countries out of the 57 African countries produced more,
compared to other countries with fewer populations. The top six countries include Nigeria
(15%), Ethiopia (8.6%), Egypt (7.6%), DR Congo (6.7%), Tanzania (4.5%), and South Africa
(4.4%) (Benson et al., 2021). On the global scale, it was discovered that daily consumption
of facemask was highest in China (702,390.002), followed by India (386,401,228), the United
States (219,785,760), Brazil (140,289,215), with Poland having the lowest daily consumption of
facemask (18,166,373) (Benson et al., 2020). After MP characterization which was done using
FTIR spectra, it was revealed that there were both natural and artificial fibers including polyester
fibers (PE), polypropylene (PP), natural latex resin (NL), polyethylene terephthalate, styrene
isoprene, and styrene butadiene rubber (Fadare and Okoffo, 2020).

Hand sanitizers

Hand and surface sanitizers are products or substances used to get rid of or minimize
pathogenicagentslikebacteria on the skinand objects. Hand sanitizers areimportant disinfectants
used on surfaces as preventative measures to lower the risk of disease transmission (Mvovo
and Magagula, 2022; Selvaranjan et al., 2021a; WHO, 2022). During the COVID-19 outbreak,
the production of sanitizers drastically increased across the globe (Das et al., 2021). Sanitizers
have reportedly been found to include microbeads, a type of MP utilized as raw material in the
manufacture of numerous household and personal items (Abuwatfa et al., 2021). Because of the
high consumer demand and ubiquitous use of the product (Saadat et al., 2020), they have been
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found to leave a negative impact on the environment. A study on the environmental impacts
of PPE used in households of Dhaka City Corporation (DCC), Bangladesh has shown hand
sanitizers to boost carbon footprint and heighten plastic pollution surge (Monolina et al., 2022).

RISK OF COVID-19-ASSOCIATED MICROPLASTICS ON THE AQUATIC
ENVIRONMENT

The massive production of personal protective equipment (PPE) like plastic gloves, face
masks, safety glasses, protective aprons, and sanitizer containers, was a response to COVID-19
and the need to prevent its spread (Patricio Silva et al., 2020; Fadare and Okoffo, 2020; Ray et
al., 2020, 2022). PPEs are plastic materials made up of synthetic polymers such as polyethylene,
polypropylene, polyester, and polystyrene (Fadare and Okoffo, 2020; Aragaw, 2020). Over time,
at a very slow rate, PPEs undergo fragmentation and break into smaller molecular products (<5
mm) to form MPs through various processes subject to their chemical characteristics (Ardusso
etal., 2021). During the COVID-19 lockdown period, these materials increased tremendously in
the aquatic environment as waste due to a lack of efficient treatment facilities, poor management,
and inappropriate disposal, particularly in underdeveloped and developing countries (Praveena
and Aris, 2021; Yadav et al., 2020; Haque et al., 2021). According to Ray et al. (2020), the marine
system gets between 4.8 and 12.7 x 10° tonnes of plastic waste annually as a result of poor
waste management. These waste materials are transported to the environment by wind, storm,
surface runoff, and floods through industrial discharges, wastewaters, fisheries activities, etc.
and represent a significant percentage of the marine litter (Severini et al., 2020; Yadav et al.,
2020). Marine litter, one of the acute forms of environmental pollution poses a threat to the
health of marine biodiversity (Miranda-Urbina et al., 2015; de Sa et al., 2018; Alimi et al., 2021).
Their extensive production, consumption, and improper disposal have turned plastics into one
of the most problematic environmental challenges of present times (Fadare and Okoffo 2020;
De-la-Torre et al., 2021). The global environment is distressed by the harmful effects of plastic
trash originating from single-use face masks, syringe, gloves, and other equipment. Plastic
bottles of hand sanitizer, waterlogged masks, gloves, and other rubbish are being traced to the
ocean bottom, which intensify the number of debris found in the environment daily (Ray et al.,
2022; Mirand-Urbina et al., 2015). During the process of disintegration, toxic substances and
chemicals produced by plastic waste may be discharged into the aquatic environment, hence
worsening the situation (Aragaw, 2020; Iheanacho and Odo, 2020a; Selvaranjan et al., 2021b;
Alimi et al., 2021). Inappropriate disposal of these wastes might have a long-lasting effect on the
aquatic environment (Wang et al., 2020; Ammendolia et al., 2021; Ma et al., 2021; Shukla et al.,
2022).
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The PPEs worn by healthcare professionals, patients, and the general public are composed of
synthetic polymers like nitrile, latex, or polyethylene, which need the addition of stabilizers and
softeners to improve their physical properties. These compounds, which are widely dispersed in
PPE kits and undergo leaching processes in waterbodies, can be extremely hazardous to many
aquatic fauna (Sullivan et al., 2021; Ray et al., 2022). According to Chen et al. (2019), additives
used in plastic production processes contain compounds that have the potential to interfere
with aquatic species’ endocrine systems, having a severe effect on their health (Fig. 3). MPs have
an affinity for chemicals (PAHs, PCB, PBBs), and can absorb them (Rochman et al., 2015; Lu
et al., 2016; Gomeiro et al., 2018). After the ingestion processes, MPs can release the adsorbed
chemicals, hence enhancing their bioavailability and bioaccumulation in several tissues/organs
(Sybergetal., 2015; Gomeiro et al., 2018; Pellini et al., 2018), causing harmful effects on the biota
(de Sa et al., 2018; Wu et al., 2019; Mei et al., 2020; De-la-Torre et al., 2021). MPs have also been
emphasized to inhibit photosynthetic process of microalgae (Zhang et al., 2017), and produced
a negative impact on mammals (Plastic Europe, 2016; de Sa et al., 2018; Yong et al., 2020; Meaza
et al., 2021). By ingesting plastic-based particles, aquatic species may become poisoned in the
process (Hernandez et al., 2019; Asim et al., 2021). Ma et al. (2021) studied different layers
of facemasks and found that they contained a large quantity of MPs. The authors noted that
mask MPs were absorbed onto diatom surfaces and subsequently gulped by aquatic (marine)
organisms of various trophic levels, posing a health risk to aquatic life. Similarly, Aragaw (2020)
discovered that large aquatic species including fish, turtles, and water birds can easily consume
face masks, having a significant negative impact on their populations and survival. Issac and
Kandasubramanian (2020) opined that MPs deposited in the aquatic systems globally affect the
growth, feeding, spawning, and survival of aquatic organisms.

Also, Walker (2021) reported the problem of entanglement associated with threads from
plastic waste resulting in the death of aquatic animals like sea birds and turtles. Improper
disposal and mismanagement of PPE kits serve as a medium for the COVID-19 outbreaks
and biomagnification of harmful compounds that ultimately infiltrate the aquatic food chain
(Klemes et al., 2020). Over 20% of marine shellfishes have been reported to uptake masks and
other PPEs-related MPs (Ray et al., 2022). MPs can absorb polycyclic aromatic hydrocarbons,
heavy metals, and persistent organic pollutants, making them vectors of chemical contaminants
(Gomeiro et al., 2018; Torres et al., 2021; Yusoft et al.,, 2021). They function as a vector for
xenobiotics which may exacerbate harmful effects on aquatic life (Zettler et al., 2013; Auta et
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Fig. 4. Impact of microplastics on Human

al., 2017; Bhagat et al., 2021; Rakib et al., 2021). MPs ingestion can slow down the growth rate
of aquatic organisms following complications in their reproduction (de Souza Machado et al.,
2018). Constituents of plastics are chemical additives such as plasticizers, colorants, plastic
resins and stabilizers (Rochman et al., 2015; Nordic council report, 2017; Theanacho et al,,
2020c). Chronic exposure to these chemical additives can promote adverse effects on growth,
reproduction, immune and endocrine systems, development, and behavior in aquatic organisms
(de Sa et al.,, 2018; Gomeiro et al., 2018; Issac and Kandasubramanian, 2020; Theanacho et al,,
2020c; Ma et al., 2021; Theanacho et al., 2021; Shukla et al., 2022). In a shocking discovery, Neto
et al. (2021) reported the death of a Magellanic penguin (Spheniscus magellanicus) in Juquehy
Beach municipality of Sao Sebastido, Brazil. The authors described the cause of death, as the
presence of an adult-size PFF-2 protective mask found within the stomach of the penguin.

IMPACTS OF COVID-19 ASSOCIATED MPS ON HUMANS

The vulnerability of humans to COVID-19 has been emphasized based on their existence
and contact with the various types of environments namely; air, water, and soil (Fig. 4) (Silva
et al.,, 2021; Yang et al., 2021; Yusoff et al., 2021). The PPEs undergo physicochemical cum
geological processes (photo-degradation, oxidation, weathering, aerosolization, etc.), leading to
the breakdown and release of MPs into the different ecosystems (Fadare and Okoffo, 2020; Alimi
et al., 2021; De-la-Torre and Aragaw, 2021; Ardusso et al., 2021; Issac and Kandasubramanian,
2021; Ray et al., 2022). Sea food products are highly contaminated with MPs (Saha et al., 2021),
and humans, being the ultimate consumers of aquatic foods are predisposed to a high risk of MP
uptake (Smith et al., 2018). The existence of MPs in sea salt (Selvam et al., 2020), ground and tap
water (Tong et al., 2020), and bottled water (Mason et al., 2018) are evidence of possible pathways
of MPs reaching the human body. Detection of MPs in the human placenta (Ragusa et al., 2021;
Bhuyan, 2022) and feces (Zhang et al., 2021), are evidence of their existence in the human body.
MPs also can bio-accumulate in phytoplankton eventually bio magnify up the aquatic food
chain to higher trophic levels and even to humans leading to public health risk (Galloway et
al., 2017; Wu et al., 2020). Investigations have shown that human health is also endangered at
any point of the plastic lifecycle, beginning from the mining of fossil fuels to consummation to
discarding of plastic waste (Gore et al., 2016; Gharde and Kandasubramanian, 2019; Issac and
Kandasubramanian, 2020).Congenital illnesses and cancers (malignant) in humans have been
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associated with the consumption of MP-contaminated foods, as well as the occurrence of paltry
levels of phthalates in dolls (Smith et al., 2018; Saha et al., 2021).Plastic polymers contain dioxin
chemicals known as persistent organic toxicants, of which can cause tumor and neurological
damage in humans upon exposure (Rajmohan et al. 2019; Bhuyan, 2022).

The direct effects of PPEs on humans have also been reported in some studies (Gore et al.,
2016; Matusiak et al., 2020; Issac and Kandasubramanian, 2020). Health workers, care givers,
professionals, and other individuals who have to put on face masks for long durations of up to six
hours encounter certain inconveniences such as increased skin temperature, redness, hydration,
and sebum secretion (Park et al., 2021). Similarly, Matusiak et al. (2020) took a survey of
inconveniences incurred by individuals resulting from the use of face masks. The authors found
that 3.1% of individuals involved in the study did not complain of any problems. However, some
of the inconveniences reported in their survey include breathing difficulty (35.9%), warming/
sweating (21.3%), misting up of the glasses (21.3%), and slurred speech (12.3%). However, the
authors conclude that wearing surgical masks preferably to other mask types could lessen the
perils of developing most of these common inconveniences. This is in line with the suggestion
of Kim (2020) who opined that surgical masks are the best types of face masks recommended
to prevent transmission via exposure to droplets. These face masks also leave individuals at the
risk of exposure to micro- and nano-fibers which can be deposited in the respiratory tract via
hand-to-mouth contact, or inhalation (Han and He, 2021; Li et al., 2021).

MITIGATION STRATEGIES AND POSSIBILITIES

Microplastics have had a serious negative impact on ecosystems and human lives, thus
becoming an emerging conundrum of global concern. They have been abundantly reported in
different water resources; freshwater, wastewater, groundwater, and oceans (Auta et al., 2017; Xu
et al., 2020b; Alimi et al., 2019; Ray et al., 2022). This has drawn the attention of the scientific
community, environmental experts and managers as to the way forward such as finding solutions
to what looks like a major global catastrophe in the making (Rume and Islam, 2020; Hale et al.,
2020; Henderson and Green, 2020). Several mitigation strategies that have been suggested to be
effective in curbing the menace of MPs through recycling include the physical, chemical and
biological treatments (Fig. 5) (Singh and Pant, 2016; Jaiswal et al., 2020; Amobonye et al., 2022).

Al-Salem et al. (2009) stated that pulverization and grinding of MPs to minimal waste size
is an effective physical method that degrades polymers and prepare them for more treatment.
Other important physical treatment methods include thermal degradation and photooxidation

Mitigation Strategies

Physical treatment Biological treatment Chemical treatment

(Plastic Degradation by (Plastic biod Plastic degradation using
Tt i legradation by microorganisms 5
pulverization, grinding, photo- [bacteria, algae, fungi) and insects( bittle chemicals such as Ca(OH),,

oxidation by pyrolysisand UV larva, super worms, yellows) to produce NaOH, OH-, SCN’, Ny
treatment} simple compounds like Co,, Ny, CH,, H,0.

Fig. 5. Plastic degradation via different treatment techniques
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via ultraviolet (UV) treatment technique (Moharir and Kumar, 2019; Amobonye et al., 2022).
Plastics such as PVC polymers are speedily degraded via photooxidation (exposure to sunlight
and UV radiation), which can break up the strong bond characteristically exhibited by PVC
polymers (Amobonye et al., 2022). Thermal treatment (burning, combustion, pyrolysis) is also
a conventional method of plastic degradation, but may be hazardous due to the emission of
toxic gases and other harmful by-products like furans, dioxins, sulfides and heavy metals, which
poses threat to environment and diverse forms of life including humans (Moharir and Kumar,
2019; Vollmer et al., 2020; Thind et al., 2021). The use of dynamic membranes (Li et al., 2018b)
and advanced filtration techniques (Rume and Islam 2020; Padervand et al., 2020; Iyare et al.,
2021) have also been efficient in MPs treatment. Yuan et al. (2020), in their study modeled
the adsorption of polystyrene MPs by three-dimensional reduced graphene oxide (3-D RGO)
sheets. However, with this particular technique, the maximum adsorption capability of the 3-D
RGO is a function of the solution pH, temperature, initial concentration of micropollutants
and ions in the solution, and adsorption time (Abuwatfa et al., 2021). Ragossnig and Agamuthu
(2021) envisioned the Near Infra-Red (NIR) sorting and recycling.

Degradation of MPs via biological means (using microorganisms) is the most efficient and
cost-effective technique for MPs waste recycling with no obnoxious environmental consequence
or threat to ecosystems (Kumar et al., 2019; Peng et al., 2020; Amobonye et al., 2022). MPs
materials are biodegraded using different microorganisms (Insect, larva, algae, enzymes,
bacteria, fungi) capable of converting plastic polymers into simple non-toxic compounds such
as carbon dioxide, nitrogen, methane and water (Jaiswal et al., 2020; Peng et al., 2020; Ali et al.,
2021). The depolymerization of plastic polymer is made possible by the gut microbiome which
degrade and subsequently mineralize polymers to produce monomeric compounds (Amobonye
et al., 2022). Digestibility of plastics by insects particularly at the larva stage is related to their
ability to degrade and metabolize lignin-based molecules (Wertz and Bechade, 2020).

The biological method is one of recent achievement in MPs waste management, believed to
stimulate more research and biotechnological applications regarding safer protocols on plastic
waste management and recycling. Several plastic-eating insects have been reported to include wax
moth (Galleria mellonella) (Cassone et al., 2020), waxworms (Achroia grisella) (Brandon, 2018)
(superworms (Zophobas morio) (Yang et al., 2021), yellow mealworms (Tenebrio molitor) (Yang
and Wu, 2020), giant mealworms (Zophobas atratus) (Xu et al., 2020). Bozek et al. (2017) in their
study confirmed that yellow mealworms degraded PS, PVC and polylactide (PLA) polymers
within twenty-one days of feeding trial. Biodegradation of MPs by microorganisms follow
several biochemical progressions such as colonization, biodeterioration, biofragmentation,
assimilation and mineralization (Fig 6) (Ganesh Kumar et al. 2020; Amobonye et al., 2020;
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Ali et al., 2021; Taghavi et al., 2021). In the very first biodegradation process (colonization),
microorganisms are deployed on the surface of plastics. The microorganisms adhere to plastic
surface and agglomerate to create biofilm, causing damage to the plastic surface (Taghavi et
al., 2021; Ali et al., 2021). Biodeterioration of plastics can occur through the chemical and
biological actions of microorganisms (Amobonye et al., 2020). This is achieved by altering the
physico-chemical characteristics of plastic polymers (Ganesh Kumar et al., 2020; Amobonye
et al., 2022), thus aided by environmental situations such as temperature, light and chemo-
oxidation, hence expanding the pores and allowing aging (Ali et al., 2021). In a progressive
manner (biofragmentation), the microorganisms (bacteria) further dissolve the polymers
into monomers and dimers, by synthesizing specific enzymes known as hydrolases and
oxidoreductases (Peng et al., 2020). Other plastic-degrading enzymes have been reported to
include lipases, peroxidase, hydroxylases, monooxygenase, laccases, esterase (Kawai et al., 2019;
Othman et al.,, 2021). The chief functions of these enzymes are to significantly decrease the
molecular weight of the polymers and further engage in the peroxidation of reduced molecules
(Restrepo-Florez et al., 2014). Following the enzymatic depolymerization of polymer plastics
into monomers, the microorganisms assimilate and mineralize them to produce non-hazardous
metabolites like carbon dioxide, methane, nitrogen, water (Ho et al., 2018; Amobonye et al.,
2022) which are reabsorbed into several biochemical cycles. Several bacterial strains have been
reported to efficiently degrade plastic polymers. These bacteria include Acanthopleuribacter
pedis, Bacilus cereus, Pseudomonas otitidis (Sah et al., 2011), P. citronellolis, B. flexus (Giacomucci
etal,, 2019), Clostrdium sp. and Acetobacterium sp. (Giacomucci et al., 2020). Interestingly, fungi
have been found to play a prominent role biodegradation of plastics, of which can serve as their
energy (carbon) sources (Ali et al., 2021; Amobonye et al., 2022). According to Amobonye et al.
(2022), fungi are able to degrade plastic polymers attributing to their capacity to form mycelial
network that assist in the anchorage and permeation of fungi to polymer surface and further
commence depolymerization process. Several fungal sp. has been reported to efficiently degrade
plastic polymers like the Mucor rouxii, (Singh and Pant, 2016) Aspergillus niger, A. sydowii, and
Lentinus tigrinus (Ali et al., 2014).

Degradation of plastic polymers via chemical treatment has been reported to be effective
method of plastic recycling (Rajmohan et al.,, 2019; Moharri and Kumar, 2019; Thind et al,,
2021). This involves the use of chemicals such as sodium hydroxide, calcium hydroxide, oxides
and nitrite to disrupt the polymeric chains and alter polymers to non-hazards (Amobonye et al.,
2022). According to Moharir and Kumar (2019), these chemicals modify the form and structure
of plastic polymers, leading to reduced molecular weight and surface breakdown, which is
culpable for their aging.

CONCLUSION

COVID-19 reshaped world activity and its post-effect is continuing due to variations in the
managerial ability of different countries. The major challenge associated with COVID-19 is the
management of both solid (PPEs) and biomedical (effluent) wastes which are potential pathways
of MPs in the environment, following indiscriminate waste disposal. The mismanagement
of these wastes could further raise concerns regarding their impact on the environment
particularly the aquatic ecosystem perceived to be a potential destination of waste materials
from different ecological systems. Large diversities of aquatic biota are affected consequent to
the ingestion, bioavailability, and bioaccumulation of COVID-related MPs. This study showed
that humans are the culprit and also victims of the ecotoxicological impact of MPs as it relates
to the consumption of aquatic food products contaminated with MPs. It is advocated that more
awareness on COVID-19 as it relates to mitigation and coping strategies is needed to protect the
environment and humans from further harm.
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RECOMMENDATION

Despite the success recorded so far, there is still much to be done to reduce the plastic load
exacerbated by COVID-19-related waste materials, even as the pandemics effects and the
number of cases worldwide continue to decline. As a matter of fact, plastic or MP pollution
mitigation should be viewed from a multidisciplinary approach requiring global participation
in other to make headway (Mallik et al., 2021). Undoubtedly heightened by the unprecedented
increase in the production of COVID-19-related materials globally and improper disposal across
different land and water sites; it may appear difficult to completely eradicate plastics from the
aquatic environment (Sharma et al., 2021). However, as it has been observed that most MPs in
the aquatic ecosystem come from land sources. Consequently, more attention needs to be given
to MP pollution in the terrestrial environment and inland aquatic bodies (Horton et al., 2017a,
b). No doubt that reduced waste litter of plastic origin and proper waste management practices
can potentially restore the ocean environment to its normal functional range (Hartmann et al,,
2019). Ragossnig and Agamuthu (2021) suggested an integrated plastic management approach
including reducing, recycling, reusing, and recovering the plastic debris and hindering the plastic
from entering the ocean. Dissanayake et al. (2021) opined that proper solid waste management
policies should be implemented at a global scale to prevent PPEs, and other single-use plastics
from reaching and consequently polluting the aquatic or soil ecosystems.

In furtherance of the highlighted recommendations, more studies are required to identify and
isolate more microorganisms (strains of cyanobacteria, insects, algae) that can degrade plastic
polymers in order to encourage organic means (green energy) and nonhazardous procedures
for plastic degradation, order than the toxic popular methods (thermal treatment) of plastic
waste recycling that pollutes the environment. Notwithstanding the progress made so far on
the biodegradation techniques and mechanisms of microbial action, there is scare scientific
information regarding specific microbes and enzymes responsible for plastic polymer degradation
like PVC (Amobonye et al. 2022), to exploit more microbial species and advance knowledge on
biodegradation of plastics. Sophisticated biotechnological application such as genetic engineering
procedures can be very helpful to advance the efficacy of existing microbes to degrade plastics.
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