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Abstract

Microplastics are regarded as another group of pollutants ravaging the aquatic habitat because plastics have become an increasingly
important packaging option which slowly degrades into microplastics. Also, most domestic items used on a daily basis are known to contain
microplastics which are ultimately released as wastes into oceans and rivers. Anthropogenic activity has led to microplastic contamination
throughout the marine environment. Characteristics such as low density, good mechanical properties and low cost enables successful use of
plastics in industries and everyday life but the high durability leads to its persistence in the marine environment where they cause harm to a
great variety of organisms As a result of widespread contamination, microplastics are ingested by animals including fish and shellfish. Because
microplastics are associated with chemicals from manufacturing and that sorbs from the surrounding environment, there is concern regarding
physical and chemical toxicity However, there are primary as well as secondary sources of microplastics in the environment in which both
sources poses threat to aquatic lives. This has become a major cause of concern because these microplastics are consumed by aquatic organism
because they mostly appear to them as food. Evidence implicating plastics in ecotoxicity and epidemiology is emerging, Therefore this review
focuses on sources, assessment, impacts and bioaccumulation of microplastics using reports from several studies in different countries, Nigeria
inclusive. Studies shows humans can ingest microplastics by consuming fish polluted with microplastics, however research is needed to establish
there is a route of human exposure to microplastics via fish consumption.
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Introduction

Plastics are emerging pollutants that are posing enormous
form of risk to the environment mostly on aquatic and conse-
quently human. The presence of emerging environmental pollut-
ants (EEPs) is gradually becoming overwhelming thereby affect-
ing its quality to support life across all levels. Global production of
plastic is constantly on the rise due to its cheapness and versatil-
ity necessary for the lifestyle of people [1]. A greater percentage
of plastics being produced are non-biodegradable thereby accu-
mulating in the marine environment. It was estimated that 10%
of plastic produced worldwide ended up as waste in the marine
environment due to poor recycling with only 3% recycled in 2016
[2]. Macroplastics while in the environment undergo degradation
to form microplastics which is now ubiquitous in the global eco-
system [1,2].

In Nigeria, plastic waste is poorly recycled, the majority ends
up in landfill where it may take centuries for such material to
breakdown and decompose (Figure 1). Despite plastics being
an internationally recognized pollutant with legislation in place
aimed to curb the amount of plastic debris entering the marine

environment [1,3,4], the problem still persists (Figure 1). The
National Environmental Regulations Enforcement Agency (NES-
REA) prohibiting persons from dropping litter (polyethene bags
inclusive) on roads, public space, drainages or other undesignated
places, set in 2009, is poorly implemented. The pathways of mi-
croplastics into aquatic habitat is illustrated in Figure 1.

Microplastic particles can be categorized into primary and
secondary particles. Primary microplastic particles (MPPs) are
those which have been specifically produced for industrial use,
for instance as peeling particles in cosmetic products. Primary
microplastics are plastic fragments or particles that are already
5.0mm in size or less before entering the environment. They in-
clude microfibers from clothing, microbeads, and plastic pellets
[5,6]. Secondary MPPs are formed by physical, biological and
chemical degradation of macroscopic plastic parts and are the
main source of micro particles released into the environment.
They are produced from the breakdown of larger plastic products
through natural weathering processes after entering the environ-
ment. Such sources of secondary microplastics include water and
soda bottles, fishing nets, plastic bags, microwave containers, tire

Int J Environ Sci Nat Res 31(5): IJESNR.MS.ID.556322 (2023)


http://juniperpublishers.com
https://juniperpublishers.com/ijesnr/
 https://juniperpublishers.com/online-submission.php

International Journal of Environmental Sciences & Natural Resources

wear and tea bags [7,8] They are mainly formed by the degrada-
tion of improperly disposed plastic waste, tire abrasion and wash-
ing of synthetic textiles Plastics of all sizes have become the most
dominant form of marine litter and it has been estimated that at
least 5.25 trillion plastic particles weighing above 268,000 tons
have been discarded into the Oceans [9]. Moreover, according to
the 2017 United Nations Environment Assembly (UNEP) an es-
timate of 4.8-12.7 million metric tons of plastic is introduced to
the oceans annually [10]. The use of plastics is quite common all
over the world, their use ranges from packaging, and other daily
use products. The low cost, lightweight, strength and durability
of plastics are properties that make them suitable for manufac-
ture on a wide range of daily use products. Virtually everything is

made of plastic nowadays. However, the high demand and inap-
propriate disposal of plastic materials have led to their dispersion
and accumulation into the environment. For example, during the
current COVID-19 pandemic, the worldwide production and dis-
posal of face masks as well as other plastic laboratory and medical
materials have drastically increased, adding to the vast plastic and
microplastic waste in the environment [10]. Several studies on
plastic size abundance and distribution have shown a permanent
fragmentation of microplastic from larger to smaller, to nanoplas-
tics (< 25um), occurring continuously in the oceans [11,12]. One
of the main concerns about the smaller fraction of plastic particles
is the risk potential for filter feeders, which tend to confuse it for
plankton and end up consuming plastic debris [13-15].

Figure 1: Pathways of Mps to aquatic system (from, Westphalen & Abdelrasoul 2018).

Sources of microplastics

Generally, microplastics (MPs) in the environment come from
two main types of source, which lead to different sizes of plastic
particles: one is the primary source, and another is the secondary
source. However, it is not easy or even impossible to identify the
exact source of MPs detected in the environment. Primary sources
of environmental MPs include plastic pellets, personal care prod-
ucts containing microbeads, paint, washing wastewater, sewage
sludge, plastic running tracks in schools, artificial turf, rubber
road in cities, and vehicle tire wear.
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Many personal care and cosmetic products contain a type of
engineered microplastic known as microbeads. The products in-
clude scrubbing agents, shower gels and creams. The U.S. govern-
ment banned its manufacture and sale, but producers still make
and sell these products globally. Microbeads are manufactured
polyethylene plastic. It acts as an exfoliant, delivers active ingre-
dients, and controls viscosity in health and beauty products. Up
to 10 percent of some personal care product’s weight is plastics.
That’s more than the packaging material. Some items have several
thousand microbeads per gram of product. Once the personal care
item is used, it ends up in wastewater. These tiny particles easily
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pass through water filtration systems and end up in our water-
ways. Personal care products and cosmetics represent 2 percent
of all primary microplastics in the oceans. Tires erode through
heat and friction from contact with the road. The wind and rain
spread the tire dust and wash it off the road. It enters tributaries,
lakes and eventually the oceans. Meanwhile, secondary sources
include municipal debris such as plastic bags and bottles, fishing
wastes, farming film, and other large size plastic wastes. Among
these sources, vehicle tire wear is regarded as one of the most im-
portant sources of environmental microplastic due to the rapid
global increase in the number of vehicles. However, available stud-
ies about the presence of rubber particles in the environment are
very scarce. It is estimated that secondary sources of MPs current-
ly account for the dominant of MPs in the environment although
large plastic wastes need hundreds of years to break down into
MPs under natural conditions. The appropriate management of
plastic wastes and wastewater is the crucial step to prevent and
control microplastic pollution in the environment in the future
[16].

Plastic production and consumption are on the increase in
annually with 10.3% and 6.5% respectively [17]. Production and
consumption stood at 436 kilotons and 1,090 kilotons in 2018 re-
spectively [18] causing increase in the abundance of plastics in the
inland freshwater system. The in-land freshwater system was es-
timated to be about 283,293.47 hectares, of which 70% has been
degraded due to the pollution [19].

Many marine environment worldwide have been studied for
the occurrence of microplastics such as in the South Pacific and
North Atlantic [9,20] Kaliningrad region, Russia [21], Norderney
[22], Indian coast [23], South Africa, Mozambique, and Ghana [24]
with few studies in Nigeria. Enyo et al. [25] reported the abun-
dance, distribution and composition of macrodebris and micro-
plastic pollutants from five rivers in the south-eastern part of Ni-
geria [25]. Another study focused on method development rather
than quantifying the occurrence of microplastics in Elechi Creek,
Rivers State, Nigeria [26], In another report, gastropods collected
from Osun River, Nigeria were used as a bioindicator for micro-
plastic pollution [27]. Babayemi et al. [28] reported that the pri-
mary source of plastic in Nigeria is importation, covering the dif-
ferent polymer resins for production of plastic materials, products
and components of imported goods [28]. In Nigeria, water sachets
(500mL plastic bags) and shopping bags are the major constitu-
ent of plastic waste [29]. A single plastic bag takes 1000 years to
degrade once disposed of into the environment [30]. In Nigeria,
educational institutions are among the major sources of plastics.
Adeniran et al. [31] characterized the waste generated within the
University of Lagos and found that polyethylene bags were the
largest stream amounting to 24% of the total wastes while plastic
amounted to 9% of the total wastes generated in the institution. A
similar study by Okeniyi & Udonwan [32] at Covenant University,
Ogun State revealed that plastic represents the highest percentage
of waste generated within the university consisting of plastic food
packs, polyethylene bags and plastic bottles (Figure 2).

Figure 2: Indiscriminate dumping of plastics in Nigeria due to ignorance and poor implementation of the environmental law. Plastics

dropped on the streets normally end up in rivers when they were carried by erosion during rainfall.

(Source: Enyoh et al. [25]).

Materials and Methods for the Data Collection
Online study sites

Data used for this review were collected from many countries
around the world, Nigeria inclusive. Results from different publi-
cations from several researchers are presented.

Data collection

The first phase entailed the identification of related studies,
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the search database used are google scholar, elsevier, reekseek,
scopus.

Searching strings

Keywords used in the search are: ‘microplastics”, ‘Assess-
ment of microplastics in water samples’, ‘sources of microplastics’
“types of microplastic” bioaccumulation of microplastics’,’Trophic
transfer of microplastics” microplastics impact on human”
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Assessment of Microplastics in Water

Currently, studies on microplastic pollution suffers from in-
sufficient reliable data on its concentrations in the marine envi-
ronment and on the composition of involved polymers because
standard operation protocols (SOP) for microplastic sampling and
detection are not available [33-36]. Although first steps towards a
standardization have been made, e.g, in the European Union by
TSG-ML [37], the comparability of data on microplastics is still
hampered by a huge variety of different methods that lead to the
generation of data of extremely different quality and resolution.

Sampling for microplastics

Presently, synthetic polymers are ubiquitously present ev-
erywhere and daily life without a plastic is inconceivable. Con-
sequently, even microplastic sampling, preparation and analysis
procedures themselves are affected by the presence of synthetic
polymers in the environment. Hence, a multitude of contamina-
tion sources from sampling equipment through clothes or air-
borne particles can compromise the analysis of microplastics in
the environment. These contaminants result in a great overes-
timation of concentrations of microplastics in samples. Because
of their ability to hover in air, especially fibres have a high con-
tamination potential and can cause problems during microplas-
tic analysis [33,36,38]. Thus, a special focus should be laid on the
prevention of contamination [33]. Potential sources of contamina-
tion should be avoided by replacing plastic devices or laboratory
ware by non-plastic material and the strict use of control samples
is highly recommended. Analysis of control samples facilitates the
identification of the source in case a contamination has occurred.
Because of their relatively low concentrations in the environ-
ment, sampling of microplastic particles generally requires large
sample volumes. Thus, samples from the open water are usually
taken with plankton nets of different mesh sizes. The sea surface
is sampled for floating microplastics by manta trawls [39,40] or
neuston nets [41-43]. While neuston catamarans can be operated
even in higher waves, a manta trawl is best used in calm waters to
prevent hopping on waves and damage to the device. The volume
filtered by a net is usually recorded by a flow meter mounted at
the net opening, enabling the normalization to the filtered water
volume and thus a calculation of concentrations of microplastics
(items/grams) per unit water volume. Relating concentrations
to sampled area is also possible by multiplying trawl distance by
the horizontal width of the net opening. It is important to ensure
that no residual sample is left in the net, which would lead to a
carryover of microplastics to the next sample. The content of the
codend is finally transferred to a sample container and fixed with
plastic friendly fixatives (e.g., formalin) or stored frozen. If the
particles are directly sorted they should be dried and kept in the
dark until further analysis [33]. The size of the particles retained
and also the filterable volume is a direct consequence of the mesh
size used. The mesh sizes used for sampling in previous studies
varied between 50 and 3000pm [33]. Another factor influencing
the filtered volume is the net size, i.e,, the area, which acts as filter.
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Depending on the seston concentration in the water, a few thou-
sand litres to several hundred cubic metres can be filtered until
a net becomes clogged. Seasons with red tides or plankton and
jellyfish blooms are generally unfavorable for sampling large vol-
umes of water. Nets are usually 3-4.5m long and a mesh size of
around 300pm is most commonly used. These nets do not sam-
ple microplastic particles <300um quantitatively but allow for
sampling of larger volumes of water. In order to avoid the risk of
clogging nets at small mesh sizes, only few studies used mesh siz-
es <300pm. The non-standardized use of different nets and mesh
sizes seriously impedes the comparability of data sets on pelagic
microplastic concentrations. Besides common net sampling, oth-
er techniques are occasionally used for assessing microplastic
concentrations in the water column: bulk sampling with subse-
quent Filtration [44,45], screening Continuous Plankton Recorder
(CPR) samples [46] or using direct in situ filtration [38]. A highly
promising technique, currently under development, is the use of
direct fractionated pressure filtering of large (>1m3) volumes of
water through a filter cascade (developed by -4H-JENA engineer-
ing GmbH). This approach theoretically allows for the simultane-
ous sampling of different size fractions of microplastics down to
<10um and thus enables a more comprehensive resolution of the
size spectrum of microplastics.

Size fractionation

Water samples can be fractionated by sieving. If large amounts
of biological matrix (e.g., gut contents, tissue, large plankton) clog
the sieve a purification step prior to sieving can be helpful. Mi-
croplastics from sediment samples are easily size-fractionated
after extraction. If the sediment sample matrix consists mainly
of smaller grains (<500pum) it can be sieved after drying (or wet)
to reduce the volume for later extraction. In this case, the sample
must be handled with care during sieving to avoid the mechanical
generation of additional microplastic particles from larger, brittle
plastic material. A 500um sieve, ideally made of steel, can be used
for size separation. The use of a sieve cascade of different mesh
sizes allows for size separation and quantification of different size
classes of microplastics [47,48]. Microplastic particles >500pum
can be sorted out manually under a stereomicroscope using for-
ceps and subsequently analyzed (visually, spectroscopically, other
techniques). The effort involved in the manual sorting of particles
increases for the fraction <500pum owing to difficulties in handling
small particles. The suggested size separation (>500pm; <500pum)
is accounted for by the techniques that can be used for later iden-
tification. Additionally, the standardized application of size frac-
tionation enables an inter-comparison between different studies,
at least for the larger fraction, even if the smaller fraction is not of
interest for the study [33].

Sample purification

In preparation of microplastic samples for instrumental anal-
ysis (FTIR/ Raman Spectroscopy, pyrolysis -GC/MS), purification
of microplastic samples is necessary to minimize non plastic filter
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residues on filter on which the microplastic fraction <500um is
concentrated. Also, biofilms and other organic and inorganic sub-
stances have to be removed from microplastic particles in order
to enhance proper identification [49]. The most gentle way to
clean plastic samples is stirring and rinsing with freshwater [48].
The use of ultrasonic cleaning [50] should be carefully consid-
ered because aged and brittle plastic material might break during
treatment resulting in the artificial generation of secondary mi-
croplastics [49]. A treatment with 30% hydrogen peroxide of the
dried sediment sample [51], the sample filter [35,36] or the mi-
croplastic particles themselves removes large amounts of natural
organic debris. Andrady [52] suggests the use of mineral acids to
disintegrate organic impurities in samples. For the digestion of
the soft tissue of biotic samples Claessens et al. [34] used either
acid, base and oxidizer (hydrogen peroxide) or a specific mixture
thereof. Hot acid digestion with HNO3 resulted in the best purifi-
cation results [34]. However, several plastic polymers (e.g., poly-
amide, polyoxymethylene, polycarbonate) react to strong acidic or
alkaline solutions [34,51], which limits the applicability of these
reagents. More promising is the use of a sequential enzymatic di-
gestion as a plastic friendly purification step. A first attempt of
enzymatic purification of samples has been made by Cole et al.
[53] who used only a single enzymatic step (proteinase- K). Sam-
ple purification with different technical enzymes (lipase, amylase,
proteinase, chitinase, cellulase) prior to micro-FTIR spectroscopy
has successfully been applied by our group. This approach reduc-
es the biological matrix of plankton and sediment samples (in-
cluding chitin, which is present especially in marine samples) as
well as the matrix of biological tissue samples to a minimum and
thus proved to be a very valuable technique to minimize matrix
artifacts during FTIR measurements.

Microplastics identification
Visual identification

According to Hidalgo-Ruz et al. [33] visual sorting to separate
potential microplastics from other organic or inorganic material
in the sample residues is an obligatory step for the identification
of microplastics. If large microplastics are the target of a study
this can be done by visual inspection [41] whereas smaller micro-
plastic particles should generally be sorted out under a dissection
microscope [40]. Sorting of aqueous samples can be facilitated by
the use of sorting chambers (e.g., Bogorov counting chamber).

Generally, if no more accurate methods (e.g., FTIR or Raman
spectroscopy) are used to verify synthetic polymer origin of po-
tential microplastic particles the visual identification should not
be applied to particles <500um as the probability of a misidenti-
fication is very high. Hidalgo-Ruz et al. [33] thus suggest an even
higher size limit of 1mm for visual identification. According to
Norén [53], selection of particles according to standardized cri-
teria in connection with a strict and conservative examination
reduces the possibility of misidentification. He suggested the
following criteria: (i) no structures of organic origin should be
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visible in the plastic particle or fibre, (ii) fibres should be equally
thick and have a three dimensional bending to exclude a biological
origin, (iii) particles should be clear and homogeneously colored,
(iv) transparent or whitish particles must be examined under
high magnification and with the help of fluorescence microscopy
to exclude a biological origin [53]. General aspects that are used
to describe visually sorted microplastics are source, type, shape,
degradation stage, and color of the particles [33].

Identification of microplastics by their chemical compo-
sition

The repetitive fingerprint-like molecular composition of plas-
tic polymers allows for a clear assignment of a sample to a cer-
tain polymer origin. Below are some methods applied for polymer
identification with a focus on the frequently used FTIR and Raman
analyses of microplastics.

Density separation with subsequent C:H:N Analysis

Law et al. [41] used the specific densities of particles to iden-
tify the polymer origin of visually sorted microplastics. For this
purpose, the sample was placed in distilled water and, depending
on the density of the sample, either ethanol or concentrated solu-
tions of calcium or strontium chloride were added until the sam-
ple was neutrally buoyant. The density of the particle was indi-
rectly assessed by weighing a certain volume of the solution. This
facilitated the determination of the density with high precision.
Different groups of polymers possess a characteristic elemental
composition, which was used to identify the plastic origin of a
particle by a subsequent C:H:N analysis. By comparison with the
densities and C:H:N ratios of virgin-polymer samples the particle
could be assessed as either plastic or not and assigned to a group
of potential polymers [41]. This approach represents an approxi-
mation to the identification of microplastic particles by narrowing
the search for the potential polymer type but not a rigorous chem-
ical analysis. Further drawbacks are the relatively high time effort,
which hampers a high sample throughput and that this technique
is not applicable to smaller particles.

Pyrolysis-GC/MS

Pyrolysis-gaschromatography (GC) in combination with mass
spectrometry (MS) can be used to assess the chemical composi-
tion of potential microplastic particles by analyzing their thermal
degradation products [55]. The pyrolysis of plastic polymers re-
sults in characteristic pyrograms, which facilitate an identification
of the polymer type. This analytical approach is already used after
extraction and visual sorting of microplastics from sediments. The
polymer origin of particles is then identified by comparing their
characteristic combustion products with reference pyrograms of
known virgin-polymer samples [36,55]. If a thermal desorption
step precedes the final pyrolysis organic plastic additives can be
analyzed simultaneously during pyrolysis-GC/MS runs [55]. Al-
though the pyrolysis-GC/MS approach allows for a relatively good
assignment of potential microplastics to polymer type it has the
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disadvantage that particles have to be manually placed into the
pyrolysis tube. Since only particles of a certain minimum size can
be manipulated manually this results in a lower size limitation of
particles that can be analyzed. Furthermore, the technique allows
only for the analysis of one particle per run and is thus not suitable
for processing large sample quantities, which are collected during
sampling campaigns or routine monitoring programs. However,
currently promising pyrolysis-GC/MS approaches for the qualita-
tive/quantitative analysis of microplastics on whole environmen-
tal sample filters are being developed (Scholz-Béttcher, personal
communication).

Raman spectroscopy

Raman spectroscopy is a straightforward technique that has
been successfully used to identify microplastic particles in dif-
ferent environmental samples with high reliability [5,35,56-58].
During the analysis with Raman spectroscopy the sample is irradi-
ated with a monochromatic laser source. The laser depends on the
system used: available laser wavelengths usually range between
500 and 800nm. The interaction of the laser light with the mole-
cules and atoms of the sample (vibrational, rotational, and other
low-frequency interactions) results in differences in the frequency
of the backscattered light when compared to the irradiating laser
frequency. This so-called Raman shift can be detected and leads
to substance-specific Raman spectra. Since plastic polymers pos-
sess characteristic Raman spectra the technique can be applied to
identify plastic polymers within minutes by comparison with ref-
erence spectra. Raman spectroscopy is a “surface technique”, thus
large, visually sorted microplastic particles can be analyzed and
the technique can also be coupled with microscopy. Accordingly,
micro-Raman spectroscopy allows for the identification of a broad
range of size classes down to very small plastic particles of siz-
es below 1um [5]. If Raman microscopy is combined with Raman
spectral imaging it is possible to generate spatial chemical images
based on the Raman spectra of a sample. Micro-Raman imaging
theoretically allows for the spectral analysis of whole membrane
filters at a spatial resolution below 1um. This would facilitate the
detection of even the smallest microplastic particles in environ-
mental samples, but the applicability for microplastic research
has yet to be demonstrated. Raman spectroscopy can also be cou-
pled with confocal laser-scanning microscopy to locate polymer
particles within biological tissues with subcellular precision [5].

IR spectroscopy

Similar to Raman spectroscopy, infrared (IR) or Fourier-trans-
form infrared (FTIR) spectroscopy offers the possibility of accu-
rate identification of plastic polymer particles according to their
characteristic IR spectra [44,46,59-62]. FTIR and Raman spec-
troscopy are complementary techniques. Molecular vibrations,
which are Raman inactive are IR active and vice versa and can
thus provide complementary information on microplastic sam-
ples. IR spectroscopy takes advantage of the fact that infrared
radiation excites molecular vibrations when interacting with a
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sample. The excitable vibrations depend on the composition and
molecular structure of a substance and are wave-length specific.
The energy of the IR radiation that excites a specific vibration will
depending on the wave-length be absorbed to a certain amount,
which enables the measurement of characteristic IR spectra. Plas-
tic polymers possess highly specific IR spectra with distinct band
patterns making IR spectroscopy an optimal technique for the
identification of microplastics [33]. FTIR spectroscopy can pro-
vide further information on physico-chemical weathering of sam-
pled plastic particles by detecting the intensity of oxidation [63].
In a case study where FPA based micro FTIR imaging for micro-
plastic particles measurement in environmental samples follow-
ing all the standard protocols stated previously in the review. The
results obtained had 29 and 64 particles per samples analyzed us-
ing FTIR microscopy. Only 4% of the total number of investigated
particles differed in their shape from the abundant granular ma-
terial. Figure 2 showed the comparison of the spectrum of labora-
tory quartz (p.a grade Merck) and a spectrum obtained from the
measurement of a typical granular particle by FPA -based micro
FTIR spectroscopy [64].

On the other hand, in a study done in south east Nigeria [1]
superficial water were collected against water current using grab
sampling technique at a depth of 0-3cm and homogenized to form
a composite sample for each sampling point of the water body. The
water samples were collected in clean quart glass bottles, capped
tightly, shielded from light and stored at 40 C to prevent evapora-
tion. The water samples were filtered sequentially through a cel-
lu-lose filter paper with a nominal pore size of 11um (Whatman
No. 1, Catalog No. 1001 110, UK) with the aid of a glass funnel. The
filter paper was placed in a desiccator, under room temperature
away from light and stored in Petri dishes. To isolate and count
microplastics, the dried filter papers were examined under a light
microscope (AmScope M150C-PS25). The microplastics was iso-
lated using the hot needle test as de-scribed by De Witte et al.
[65] while the filter was read from left to right, then move down
one row, and read from right to left to ensure pieces are not dou-
ble counted. Pictures of the isolated microplastic particles were
taken and classified into three dominant shapes; fiber, film, and
fragment, and five types; polypropylene (PP), polyethylene (PE),
polyvinyl chloride (PVC), polyethylene terephthalate (PET), and
others, based on their physical characteristics throughout the en-
tire analysis, the filter papers were covered to prevent contamina-
tion from airborne fibers when they were not under microscope
[1] and rubber gloves were used to minimize sample contamina-
tion plastic materials.

In another case study in which the method stated above was
used presented the total number of microplastics based on loca-
tion and stations as presented in Figure 2 the quantity of parti-
cles ranges from 73 particles/I at upstream of location III to 680
particles/l at downstream of locations II. This showed that micro-
plastics particles varies with locations; Also, distribution showed
significant difference (p<0.05) with general high load of particles
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in down-stream probably due to different flow pattern and topog-
raphy [1]. The distribution of microplastics based on shapes was
also measured.

Microplastics Impact on Aquatic organisms

Fish is an important origin of human protein which is neces-
sary for body growth. Contamination of fish by MPs is a major haz-
ard that requires special focus. Exposure of fish to MPs alone or in
combination with other pollutants may lead to oxidative stress,
tissue damage, changes in immune-related gene expression in
fish. Seafood constitutes about 17% of global population intake of
protein and 6.7% of all protein consumed [64]. As microplastics
interact with plankton and sediment particles, both suspension
and deposit feeders may be at risk of accidentally or selectively
ingesting marine debris. However, the relative impacts are like-
ly to vary across the size spectrum of microplastic in relation to
the organisms affected, which is dependent on the size of the mi-
croplastic particles encountered [65]. Microplastics in the upper
end of the size spectrum (1-5mm) may compromise feeding and
digestion. In some cases, organisms feeding mechanisms do not
allow for discrimination between prey and anthropogenic items
[47]. Secondly, organisms might feed directly on micro-plastics,
mistaking them for prey or selectively feed on microplastics in
place of food [67]. If there is a predominance of microplastic par-
ticles associated with planktonic prey items, organisms could be
unable to differentiate or prevent ingestion. A number of studies
have reported microplastics from the stomachs and intestines of
marine organisms, including fish and invertebrates [68]. Adeo-
gun et al. [68] studies on Eleyele Lake, Ibadan, Oyo state, Nigeria
showed a microplastic prevalence of 69.7% in about 109 sampled
fish and observed 7 out of 8 species. This reflects the extent, mag-
nitude and abundance of plastic contamination in the lake. Watts
et al. [69] showed that shore crabs (Carcinus maenas) will not
only ingest microplastics along with food (evidence in the foregut)
but also draw plastics into the gill cavity because of their ventila-
tion mechanism: this highlights that it is important to consider all
sorts of routes of exposure to microplastics. If organisms ingest
micro-plastics they could have adverse effects on individuals by
disrupting feeding and digestion [70].

Mps can enter the very base of the marine food web via ab-
sorption such was observed when charged nano-polystyrene
beads were absorbed into the cellulose of a marine alga (Scened-
esmus spp), which inhibited photosynthesis and caused oxidative
stress [71]. Microplastics can also affect the function and health
of marine zooplankton [72]. Decreased feeding was observed fol-
lowing ingestion of polystyrene beads by zooplankton [5].

Studies of microplastic ingestion by benthic invertebrates
in the field are less common than laboratory studies. Murray &
Cowie [57] identified fibres of monofilament plastics that could
be sourced to fibres of trawls and fragments of plastic bags in
the intestines of the commercially valuable Norway lobster (Ne-
phrops norvegicus). These results indicated that normal digestive
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processes do not eliminate some of the filaments as they cannot
pass through the gastric mill system. Norway lobsters have vari-
ous feeding modes, including scavenging and predation, and are
not adapted to cut flexible filamentous materials [57]. The identi-
fication of microplastics in organisms that are caught for commer-
cial purposes and subsequently consumed whole (including guts)
highlights the potential human health implications. For example,
field-caught brown shrimps (Crangon crangon) [73] and farmed
and store-brought bivalves [66,74] had microplastics in their di-
gestive system.

Invertebrates could be used as indicator species for environ-
mental contamination. Species such as Nephrops are able to in-
tegrate seasonal variation in microplastic abundance, providing
an accurate measure of environmental contamination. Additional
studies are required to understand the flux of microplastic within
benthic sediments and the interaction between different species
of benthic in fauna feeding in/or manipulating the sediment, such
as bivalves and worms. Benthic infauna could ingest and/or ex-
crete microplastics, the individuals or their faecal pellets may in
turn be ingested by secondary consumers, thus affecting higher
trophic levels.

Trophic transfer of Mps

Absorption and ingestion of microplastics by organisms from
the primary trophic level, e.g., phytoplankton and zooplankton,
could be a pathway into the food chain [71]. Many species of
zooplankton undergo a diurnal migration. Migrating zooplank-
ton could be considered a vector of microplastic contamination
to greater depths of the water column and its inhabitants, either
through predation or the production of faecal pellets sinking to
the seafloor [66]. Only a few studies deal with the potential for
microplastics to be transferred between trophic levels following
ingestion. Field observation highlighted the presence of micro-
plastics in the scat of fur seals (Arctocephalus spp.) and Eriksson
& Burton [75] suggested that microplastics had initially been in-
gested by the fur seals’ prey, the plankton feeding Mycophiids. In
feeding experiments, Farrell & Nelson [76] identified microplastic
in the gut and haemolymph of the shore crab (Carcinus maenas),
which had previously been ingested by blue mussels (Mytilus edu-
lis). There was large variability in the number of microspheres in
tissues samples, and the results have to be treated with caution
as the number of individuals was low and the exposure levels
used exceeded those from the field. Similarly, Nephrops-fed fish,
which had been seeded with microplastic strands of polypropyl-
ene rope were found to ingest but not to excrete the strands [57],
again implying potential trophic transfer. As mentioned above, mi-
croplastics were also detected in cod, whiting, haddock, bivalves
and brown shrimp, which are consumed by humans and raises
concerns about trophic transfer to humans and human exposure
[77]. Investigations on the bioaccumulation of Mps in fish species
(Penaeus semisculatus Epiinepelus coicoides) across trophic level
showed dilutions of Mps level rather than magnifying in the tis-
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sues of fish [78]. However, MPs were found in planktivorous fish
according Boerger etal. [79] that biomagnified to bigger predatory
feeding on the fish. Biomagnifications have been observed in blue-
fin tuna, albacore tuna and swordfish in the Mediterranean sea
[80]. Mps were found to be transferred tropically from Scombrus
scombrus to Halichoerus gypus reported by [81]. Low dendity
Mps can be expelled as pseudofeces by fish though mst of the Mps
remain in gastrointestinal tract of fish [82-84]. Recent studies in
the coastal ecosystem of Bangladesh showed that Mps abundance
increases with the increase of trophic level which indicates that
transfer of Mps across different trophic levels and also showed the
evidence of biomagnifications of Mps in successive trophic levels
[85]. Environmental monitoring of MPs occurrence in aquatic
ecosystems has received increased attention in recent times be-
cause of reports identifying MPs as vectors that may enhance the
transfer of several pathogens and contaminants of emerging con-
cern (including polycyclic aromatic hydrocarbons, bisphenol-A
and polychlorinated biphenyls) in aquatic environment and biota
[86-92]. Several reports have focused on identification and char-
acterization of MPs in different aquatic environment and biota
matrices in order to determine the extent and severity of plastic
pollution. These legitimate concerns and the toxic impacts of MPs
for aquatic organisms and human health is supported by the fact
that adsorbed pollutants may leach out upon ingestion, providing
routes for secondary toxicity due to bioaccumulation and biomag-
nification along the food web [90,93,94]. Also, as demonstrated by
Adeogun et al. [68] there is a relatively high prevalence (69.7%)
of Mps ingestion in fish species in a lwater body in southwest, Ni-
geria compared to the studies of Boerger et al. [79] who reported
35% MPs prevalence in planktivorous fishes rom the North Pacific
Gyre of California, 33%prevalence in fish from the Goiana estu-
ary in Brazil [95], while 18.2% prevalence was reported from the
Mediterranean Sea, Messina Italy [80]. These variations could be
attributed to the different features of the aquatic ecosystem being
studied. Most of these reports have used marine and brackish wa-
ter fish species with characteristic high-water volume, flow rate,
wave action, and serial dilution of materials, while our study was
on a freshwater lentic lake characterized by low dilution and flow
rate, highlighting the possibility of the observed MPs prevalence
differences. However, high MPs observed in fish stomach in Adeo-
gun et al. [68] studies compared with the above-mentioned re-
ports could be related to the anthropogenic pressure faced by the
different ecosystems; for example, large surrounding land-areas
characteristic of lacustrine ecosystems may increase the possi-
bility of anthropogenic inputs from adjacent terrestrial environ-
ments, compared with oceans and estuaries. This argument is
supported by the fact that 80% of plastic wastes into the aquatic
environment originate from littering on land [52].

Possible health impacts on humans

Microplastics are regarded as a global issue due to their toxic-
ity effects on fish and humans. A number of studies have proposed
that consumption of fish and other sea foods that has prior in-
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gestion of microplastics can pose danger to humans. One poten-
tial consequence of this accumulation is the bioaccumulation of
microplastics in fish. When consumed by humans, these fish can
transfer the plastics to our bodies. A growing body of evidence
suggests that ingesting microplastics can have harmful effects
on both human health and the environment. Microplastics are
found in many species intended for human consumption includ-
ing invertebrates, crustaceans and fish [74]. Plastic particles are
often found concentrated in an organism’s digestive tracts such
that bivalves and small fish consumed whole are more likely to
expose microplastics to the human diet [9]. Swelling and blockage
are caused due to the buildup of MPs and nanoplastics in tissues
[66]. In vitro tests that MPs concentrate in the gills, stomachs and
metabolic systems of crabs and cause unfavorable cellular alter-
ations in fish [96]. Microorganisms and pollutants have also been
shown to be transported by them [97]. Negative consequences of
MPs were mostly determined by the individual’s level of exposure
and sensitivity [98]. MPs are long-lasting in the ecosystem and
biological organisms, therefore, the animals are exposed to MPs
for an extended period, potentially leading to chronic discomfort,
welling, cell growth and death as well as immune cell impairment
[99]. Inflammatory bowel disease was significantly higher in pa-
tients with MPs than the healthy people [100].

Knowledge Gaps/Recommendation

Alarger percentage of the studies reported in this review were
carried out in developed countries like Asia and Europe. There is
paucity of published articles on assessment and impact of micro-
plastics in aquatic environment in Nigeria. Also, there is need for
more studies to establish biomagnification or bioaccumulation of
MPs across trophic level and the possibility of MPs being trans-
ferred into humans via ingestion of fish or other aquatic fauna pol-
luted with MPs. It is therefore recommended that more studies be
done to assess presence of MPs in aquatic ecosystem, its impacts
on fish health and human as a consumer of fish polluted with MPs.

Conclusion

Aquatic environment is naturally at the receiving end of pol-
lution that occur in other environment which includes plastic pol-
lutants. The disruption of water bodies by microplastics is of great
concern due to its ecological and health impacts. Plastics makes
up bulk of items domestically used on a daily basis and its mis-
management, improper handling as well as its abuse has resulted
in MPs pollution in aquatic environment. MPs are enormous in
aquatic environment which gives fish species easy access to them.
A growing body of research demonstrates that MPs are toxic to
a wide range of fish and can cause a number of health damages
to fish and humans that consume plastic polluted fish are predis-
posed to health challenges that may result from microplastics pol-
lution. Efficient waste management should be employed as well
as reducing human dependence on the use of plastics will go a
long way in curbing Mps pollution in aquatic ecosystems. In addi-
tion, awareness and implementation of ways to reduce pollution
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of the aquatic environments with microplastics is highly recom-
mended. More research is needed to determine the health effects

of consuming fish with microplastics in their tissues. However,
as the amount of plastic in our environment continues to grow,
it is important to be aware of the potential risks associated with

eating seafood. Human exposure to microplastics can be reduced

by buying sustainable seafood and avoiding processed foods that

may contain plastics additives.
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