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Abstract

and practitioners concerned with the problem at large.

The worldwide boost in plastic production has precipitated a manifold microplastic contamination problem. These minute plastic
particles of size are ubiquitous in the environment and their effects on human beings are their result. Conversely, analysis of plastic
particles in marine environment is a well-known, while that concerning microplastics within terrestrial ecosystems remains under
explored. The present paper reviews the toxicological effects of microplastics on terrestrial ecosystems and human health and as-
sesses the present and developing methods for their effective removal from the environment. In this paper, methodologies for the
analysis of microplastics with an emphasis on distribution patterns, toxic effects, advanced analytical techniques, and new tech-
nologies for removal are reviewed. We also discuss specific sampling methods that differ from one environment to the other, noting
some problems with each of them and detailing their limitations. We consider the possible risks arising from aging microplastic
behaviour—bearing in mind its property evolution in time and impact. The prevailing study will add extensively to the improvement

of microplastic analysis and removal techniques by providing insights and real practical recommendations that will help researchers
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Introduction
Worldwide plastic manufacture surpassed virtually millions of

metric tons per year. In conformity to the study conducted by Jam-
beck et al. (2015) which was issued in 2015, an estimated billion
metric tons of concrete garbage was generated by 192 countries
with a total population of over a billion people, an estimated mil-
lion metric tons of it was plastic. Large plastic items dumped into
nature over time decompose into small fragments referred to as

microplastic (MPs). Microplastics are classified as tiny microfibers,

whereas particles tinier than one micron are referred to as nano-
plastics. According to Barnes et al.,, (2009) and Rocha-Santos et al.
(2015), these particles are ubiquitous in the environment. There
can be a differentiation of microplastics into two types: primary
and secondary. Primary microplastics are generated to be micro-
scopic in size or even less and can be found in personal care prod-
ucts, factory corrosives, and eventually imprint fabrics. On the other
hand, secondary microplastics come from larger items that get de-

graded into smaller fragments by physical, chemical, and biological
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processes. Examples are foam from straws and agricultural mulch-
ing films. At present, increasing levels of microplastic pollution
have come to be a major global concern, with several researches
going on about their distribution, toxicity, analysis, and removal. Of
the 192 countries around the world, 44 of these have conducted
studies on microplastics. It has been noted that about 38% of the
research is done on fish, while other organisms, like turtles, which
are highly affected, have less than 1% attention to them in various
studies. The regular plastics used for these purposes are polymers
like polyester and polyamide. International plastic production con-
sisted of significant proportions of polymers, and others, Plastics
Europe, (2019). Among them, the major fractions of microplastics
are polyester, and acrylic (Efimova et al,, 2018; Jones et al., 2020).
However, polyamide is commonly detected as the second primary
microplastic on beaches (Efimova et al,, 2018). The major sources of
microplastics in freshwater include municipal and industrial waste-
water, marine litter, and runoff water. Domestic sewage accounts
for a good percentage of microplastic particles from personal care
products, cleansers, and exfoliating beauty products that end up in
the sewage during face washing and showering activities among
others. Many countries use proficient water treatment methods
to treat their sewage. While most microplastics in wastewater are
removed through these sewage treatment plants, tiny plastic par-
ticles still persist in processed water (Carr et al.,, 2016; Sun et al,,
2019). The problems linked to microplastics are considered here
according to their distribution, toxicity, detection techniques and
strategies for their removal. We would like to mention the circula-
tion of microplastics in different environments and how they are
consequently affecting ecosystems and human health. Current
methodologies for detecting and quantifying microplastics were
examined, focusing on their strengths and weaknesses. Moreover,
this comprehensive review is directed to provide a background for
exploring new removal strategies that have been tailored to miti-
gate microplastic presence in both water and soil, coupled with the
discussion of the set of regulatory frameworks needed to drive ef-

fective mitigation of microplastic pollution.

Microplastic Distribution

Whereas establishing the actual magnitude of microplastic contam-
ination is not easy, they have constantly been noticed in saltwater,
freshwater, edibles, atmosphere, and soil. Several studies are pro-
jected to create an alarming future with further degrading condi-
tions of microplastic pollution. Research estimates that between

1.15 and 2.41 million tons of plastic enter the world’s oceans via

rivers annually, most of it derived from countries with rapidly devel-
oping economies but unsatisfactory waste management systems in
Asia. The microplastic concentration might rise from moderate to
high in the future, which is by far an increase in the concentration
measurement, according to Kim (2020). Microplastics in the envi-
ronment can originate from various pollution sources, and atmo-
sphere deterioration, among others (Wang et al., 2020). This com-
plex source generation of microplastics underlines the complexity
of the measures to be adopted to solve the problem since they are
related to different activities and processes. However, there is an
easy transfer of lightweight microplastics by air, thus influencing

terrestrial and marine environments.

Terrestrial microplastic distribution

The investigation into plastic particle pollution on the soil has be-
come less advanced than that in the marine field of research. Stud-
ies on microplastics in terrestrial environments, whether soil or air,
are tiniest with respect to the studies on seawater as well as sew-
age plant analysis. For instance, Tibbetts (2018) performed an as-
sessment on microplastics in the sediments of River Tame and trib-
utaries in Birmingham, where they found microplastics in all the
sediment samples, with an average concentration. Mason (2018)
determined that 93% of 259 bottled water samples from differ-
ent locations and brands contained microplastic particles.Recent
research increasingly identifies freshwater as a primary pathway
and origin of microplastics in the environment. For instance, Ock-
elford (2020) mentioned that river networks, in particular during
floods, contribute up to 80% of plastic entering the oceans. Gallo-
way (2017) also pointed out that lots of plastic particles resolve in
the environment which is the primary root of particles. This estab-
lishes a linkage between the pollution of freshwater and the ocean
with microplastics; human activities like inhabitants’ mass and
economic development along rivers immensely influence marine
microplastic contamination. Furthermore, it has been found that
rainfall and flooding also play a very significant role in moving mi-
croplastics from land to water bodies. Huang et al. (2020) proved
that sewage sludge usage and plastic coverage were major con-
tributors to microplastics in soils. In contrast, Dioses-Salinas and
Park (2020) found that the discharge of wastewater and contami-
nated irrigation led to theaccumulation of microplastics in soils. It
has been confirmed by research that sludge actually carries more
microplastics as compared to treated wastewater and hence serves
as a major source of contamination in the soil when it is reused

as a fertilizer. According to Corradini et al. (2019), microplastics
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dominate areas closely related to human activities, and their find-
ings suggest that agricultural soils may be acting as important stor-
age areas for microplastics due to the wide application of sludge-
based fertilizers. Dioses-Salinas et al. (2020) have also researched
the system of the origin of plastic particles, local topography, and
hydrological properties in modulating microplastic concentrations
in soils. In summary, research relating to microplastics in soils is
becoming quite active, particularly in agricultural contexts. Since
the application of wastewater treatment sludge contaminated with
microplastics can disseminate into soils, monitoring sludge-based
fertilizers should be an important part of strategies for controlling
microplastic pollution on land. Moreover, as a solid particle medi-
um in the environment, sediment has to be considered an impor-
tant factor in soil-related microplastic studies since it is extracted,
according to Harris et al. (2020), plastic particles should be taken
as a kind of sediment due to their physical characteristics.

Airborne microplastic distribution

Freshwater acts as a major transporter of microplastics to the
ocean, but the air is by comparison a relatively understudied path-
way compared to water and sediment. Because they are so light,
however, microplastics can travel far on air currents and reach a
wide range of environments both on land and at sea. Yukioka et al.
(2020) analyzed the occurrence and characteristics of plastic par-
ticles in street dust from three locations. The researchers indicated
that microplastic content in road dust varied between low and high
stretches, and characteristics were extremely dissimilar among
sites. In particular, an increased amount of elastic-derived micro-
fibers has been found in road dust compared with dust from the
general environment. This may indicate that sources like rubber
and cable coatings might contribute to the microplastics present in
highways. This discovery is in accord with Vogelsang et al. (2018),
who assessed that tire scrape and road markings paint are the pri-
mary origins of microplastics in highways. Although, Yukioka et al.
(2020) made these findings, they did not provide information on
the precise occurrence and dispersal of microplastics in road dust.
It stood rather difficult to trace specific sources. Further studies are
therefore required to understand the distribution of microplastics
in the atmosphere for estimating the levels of pollution by region
or environmental conditions. A further study, Liu et al. (2019) ex-
amined microplastics in both indoor and outdoor across various
Chinese cities and evaluated the day-to-day vulnerability of human
beings to microplastics resulting from indoor dust. Their results
showed indoor dust concentrations variedwidely, while outdoor

dust concentrations were inconsistent. It has been affirmed that

air is among the pathways through which microplastics move and
spread, many more studies are required to identify clear sources,
migration routes, distribution patterns, and toxicity of these mi-
croplastics to humans. Microplastic contamination cuts across all

areas of the environment: water, land, and air.

Marine microplastic dispersion

Research into microplastics first focused on ocean contamination,
dating back to 2014. Asindicated, a half-closed nature—in the case
of seas, including the Mediterranean—results in an increased po-
tential for the appearance of zones with concentrated contamina-
tion. Since then, several studies have been conducted related to
microplastic presence in ocean waters, with special accentuation
placed on surface layers. losobe et al. (2015) examined microplas-
tics and mesoplastics in the Pacific off Japan and determined an
absolute high concentration, which is far above the global ocean
standard. In this regard, Russell and Webster (2021) sampled Scot-
tish seas from 2014 to 2020, where the microplastic concentration
ranged from varied lengths; in addition, fragments in 50% of the
analysis existed as microfibers. Nonetheless, as a result of environ-
mental and time-related differences in findings, no obvious move-
ments of microplastic concentration were identified, as stated by
Russell et al. (2021). Similarly, Pan et al. (2018) conducted a study
where microplastics from notable sites in the Pacific, revealing the
average concentration to be 10,000 MPs/km?, while polyethylene

makes up the major constituent as found by Pan et al. (2019).

Lindeque et al. (2020) suggested that this might result in the mini-
mization of the abundance of microfibers. Using these nets, the
same area was checked for the concentration of microplastics with
100, 333, and 500 um, and they proved that the 100 um mesh cap-
tured 2.5 to 10 times more microplastics than bigger meshes. The
categories, sources and potential mitigation of upstream microplas-

tic pollution is presented in Table 1.

Investigation associated with the operation of deep-water sea-
side plant life environments in cutting off microplastics is still in
an emerging phase. Jones et al. (2020) explored the descent con-
duct of plastic particles in wetlands and subsea regions amidst sea
grasses, which was the first of its kind to detect microplastics in the
Zostera marina. Piarulli et al. (2020) did research on salt marshes
and proved that 96% of the 330 samples analyzed had no traces
of microplastics. Variations were noted in size, shape, and type of
polymer ingested microplastics, as documented by Piarulli et al.

(2020). Cozzolino et al. (2020) conducted a study on microplastic
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contamination of vegetation zones within the Ria Formosa lagoon,
Portugal. The outcomes suggested that the restraint of plastic parti-
cles into sediment was elevated in subtidal zones than in intertidal
areas, although they did not seem to be an effect from the vegeta-

tion on these concentrations.

However, scientific research so far is still limited because all these
are being carried out on certain vegetation types only, making it
hard to understand the extent of microplastic contamination across
different vegetation zones. With expanding studies on microplas-
tics in the aquatic habitat, there is a growing need for studies con-
sidering climatic and spatial variability of microplastic occurrence,

distribution, and characteristics.

Microplastic Toxicity
While microplastics themselves represent an environmental haz-
ard, when organic contaminants bind to these minuscule particles,

they can give rise to even more serious problems. Recently, studies

regarding microplastic toxicity have begun taking into consider-
ation the combined effects of microplastics and other substances.
Forexample, Zhou etal. (2020) found that mixing microplastics with
PPCPs could lead to toxicity in organisms. It has been shown that
microplastics can serve as vectors, carrying such toxicants to facili-
tate their dissemination. Not all studies show an increase in toxicity,
however. Mixing microplastics with copper, Weber et al. (2021) did
not find the effect of increased toxicity in experiments with water
snails, Lymnaea stagnalis, for example. A further study by Gao et al.
(2019) evaluates the interactions of microfibers with heavy metals,
including lead, copper, and cadmium, in the marine environment.
The authors established that some types of microplastics, such as
polyvinyl chloride and polypropylene, showed a greater tendency
to absorb those metals compared to others, such as polyamides,
polyethylene, and polyformaldehyde (Gao et al., 2019). Meanwhile,
testing carried out by Xu et al. (2021) exposed zebrafish (Danio
rerio) to microplastics; no lethal effects were observed, but they
reported higher concentrations of microplastics related to changes

in survival, body length, and heartbeat in fish.

Category Source Potential Mitigation
Production Microplastics in additives Removing them from products.
Replace with benign alternatives
Mismanaged preproduction pellets Regulate pellet handling. Operation clean sweep
Commerce Industrial abrasives Improve containment and recovery and require
alternatives
Laundromat exhaust Improved filtration
Agriculture-degraded film, pots, and pipes | Improve recovery, biodegradable plastics
Consumer Tire dust Technological advances, road surface

Littering of small plastic items (cigarette
filters, torn packaging corners, small film
wrappers, etc.)

Enforcement of fines for littering, Consumer
education, EPR on design

Domestic laundry. Wastewater effluent

Wash with top-load machines, wastewater
containment, single-filter woven textiles, textile
coatings

Waste management | Fragmentation by vehicles driving over

unrecovered waste

Improved waste management

UV and chemically degraded terrestrial
plastic waste

Improved waste management

Sewage effluent (synthetic fibers)

Laundry filtration, textile industry innovation

Combined sewage overflow (large items)

Infrastructure improvement

Mechanical shredding of roadside waste
during regular cutting of vegetation
(mostly grass)

Better legislation and law enforcement; valoriza-
tion of waste products

Source: Eriksen et al. (2018)

Table 1: Categories, Sources and potential mitigation for upstream microplastic pollution.
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Microplastics add to the accumulation of cadmium in the organs,
and fish gills hence leading to cellular stress and immune response
(Stocketal,, 2019). What has been deduced is that generally, smaller
microplastics cause more harmful effects over time—particularly on
algal growth—in the cases where experiments combining the tox-
icity of various materials have been conducted. Conducted experi-
ments both on living rats and using humans cell cultures (Stock et
al,, 2019). The authors reported a reactive oxygen species response
in male mice, showing the impact on abdominal immune tissues,
although no tissue damage was perceived. Cell experiments proved
the possibility of tiny plastic particles entering cells, but on the
whole, this study concluded that there were no serious health prob-
lems resulting from ingesting microplastics in mammals. Equally,
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Figure 1: Schematic of microplastic toxicity.
Source: Yong et al. (2020)

Wang et al. (2017) mentioned that phthalates directly impacted the
endocrine system, leading to damage to the reproductive organs,
especially during pregnancy and in the stage of childhood growth.
Due to limited research on microplastic assimilation in human
beings, the results should be interpreted carefully. Some recent
studies have been performed regarding the environmental risk of
microplastics on ecosystems. Thus, the calculated PNEC for fresh-

water species; the result showed that in parts of Asia, an ecological

risk from microplastics cannot be excluded. Besseling et al. (2019)
reviewed the toxicity data of 66 studies and estimated the risk of
microplastic pollution to sensitive species in certain hotspot areas.
They assessed the characteristics of microplastics at numerous
sampling locations. Although risk assessment on microplastics in
both humans and the environment is already in flow, more research
is required to establish clear standards for microplastic concentra-

tion and to enhance the accuracy of risk assessment.
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Microplastic Analysis

There is a dire need to develop scientific methods for the quanti-
fication and differentiation of microplastics; otherwise, a proper
understanding of their environmental impacts will not be realized.
Measurement and analytical techniques for microplastics as tech-
nologies are not yet well developed. They are plagued by an intrin-
sic insufficiency of detection sensitivity and speedin processing.
Hence, scientists pay much attention to the accuracy and efficiency
of microplastic analysis techniques. Such would be the general
key stages for the analysis of microplastics in water: sampling, fol-
lowed by pretreatment methods, and lastly by analytical methods.

Sampling methods
Different methods of sampling microplastics exist when the tar-

get is water, sediments, soil, cosmetics, and living organisms.

This review, therefore, limits itself to the most commonly applied

methods in sampling within water and sediments.

Water sampling

The choice of the method of sampling microplastics in the water
column depends on factors of its density, shape, properties, flow
of the water, and depth at which water is taken for sampling (Cam-
panale et al,, 2020). Because the buoyancy of microplastics is influ-
enced by water salinity, which further varies with the location and
depth of water, this needs to be understood before thecollection of
any samples. Two typical methods for the sampling of water are net
sampling and bulk sampling. Some sampling devices used for the

collection of MPs in surface waters were presented in Table 2.

Sampling Advantages Disadvantages Time Reference
device (Minutes)
Manta net Sampling of large volumes Expensive equipment; 15-240 Kang et al. (2015);
of water; Requires boat; Lenaker et al. (2019);
The lateral wings allow The lower limit of detection is 333 pm; Cutroneo etal. (2020)
the floating of the device Clogging problems;
and the sampling of the Risk of sample contamination;
water surface Underestimation of the total buoyant
microplastic amounts.
tNeuston net | Sampling of large volumes Expensive equipment; 30 McCormick etal. (2016);
of water; Requires a boat; Syakti etal. (2018);
Widely used (useful for The lower limit of detection is 333 pm; Cutroneo etal. (2020)
comparing positions). Clogging problems;
Risk of sample contamination;
Underestimation of the total buoyant
microplastic amounts.
Plankton net | The lower limit of detec- Expensive equipment; 30 Dris etal. (2015);
tion is 100 pm; Requires a boat; Amélineau et al. (2016);
Sampling of medium vol- Clogging problems; Cutroneo et al. (2020)
umes of water; Sampling of lower volumes of water compared
Possibility to sample the to Manta trawl;
water column Risk of sample contamination;
Underestimation of the total buoyant
microplastic amounts

Source: Campanale et al. (2020)

Table 2: Sampling devices used for the collection of MPs in surface waters.

The common nets are surface trawl, paired plankton nets, and mi-
crofiber traps (Barrows et al., 2017; Campanale et al., 2020). The
bulk sampling technique involves the filtering of a set volume of
water through a container (Barrows et al., 2017). Net sampling al-

lows the covering of huge areas and volumes, particularly from a

boat (Abeynayaka and Cutroneo, 2020). However, the mesh size
limits the size of the microplastic collected according to its mesh
size (Von Ammon et al., 2020). For instance, manta trawls normal-
ly have a 330 pm mesh and hence large microplastics above this

range are excluded from this type of collection mesh (Barrows et
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al,, 2017). Nylon nets with a 100 pm mesh can be more effective in
retaining microplastics, but fast clogging can happen with plankton
and slow speeds are promoted in the collection (Abeynayaka et al.,
2020). The recommended time for which the sampling is to be done
is only one minute to ensure a low flow rate (Dris et al., 2015). Bulk
or grab sampling collects a fixed volume of water but usually from
a much smaller area than net sampling. In this possible alternative,
technology has been developed to facilitate a microplastics sampler
using a ship’s pump, to allow sampling at high vessel speeds and in-
stant size separation (SubCtech, 2020). Differences in these meth-
ods can result in different collections of the volume of microplastics
(Campanale et al,, 2020). Thus, net sampling is best used for larger
areas of coverage with 100-350 pm net sizings based on microplas-

tic size, and grab or bulk sampling is for smaller, confined areas.

Residue selection

Plastic particle dispersion in the residue is not even and may dif-
fer significantly during a collection based on a selection area, quan-
tity of samples taken, and extraction depth. For example, residue
collected from areas that are potential microplastic accumulation
hotspots, such as tidal lines, will indicate a higher concentration.
Shallower samples contain more microplastics, while the deeper
samples (deeper than 15 cm) contain less microplastics (Willis et
al,, 2017). Sediment samples should be collected using a standard
method of soil sampling. Soil samples are usually collected from the
topsoil layer, which is 0-15 cm deep. Typically five to ten particles
are selected either in an irregular format or from one center point
and four other collection points around it. Afterward, these sam-
ples are combined and analyzed. The weight or volume speaks to
the issue of representativeness, for which 300- 500g of the sample
is recommended. The samples collected are put in glass bottles,
chilled at 0 to 4 degrees, and dispatched to a lab. Upon arrival at
the laboratory, the particles are dehydrated inside a furnace at 40°C
for 72 hours, then moisture is measured. When dealing with a soil
sample, Thomas et al. (2020) suggested sieving through meshes
of sizes 1, 2, and 5 mm, which is within the normal available sieve

sizes on the market.

Preliminary treatment technique

Assembled specimens consist of plastic particles mixed with dust,
soil, and microbes. Such specimens require pretreatment to remove
contaminants other than plastics. The general two steps in pretreat-
ment are mass detachment and decomposition. For mass detach-
ment, the normally used chemicals are NaCl, separating microplas-
tics based on density from other materials. Oxidation involves

substances like H,0, for the elimination of natural organic matter.

The order of these processes may vary depending on the sample
and extent of contamination. In highly contaminated samples, pre-
treatment should be carried out to avoid interferences in inorganic
particle measures before analysis. Because plastic particles and in-
organic particles are tiny pieces that cannot be separated by visual
separation, the differences in their densities are used to separate
them. For performing this separation, various chemicals have been
used as additives, like NaCl, NaBr, Nal, CaCI2 and ZnCl2. The com-
mon solution is the use of 1.2 kg/L the NaCl, 1.4-1.8 kg/L of sodi-
um polytungstate, and 1.6-1.8 kg/L of Nal. Density separation can,
however, be ineffective, especially for microplastics smaller than 1
mm, which have recovery rates as low as 40%, and more recently
improved to 96-99%. Methods like centrifugation and air bub-
bling have been tested to decrease processing time. Nevertheless,
there is no standardized method for the separation of microplastic
density. Methods are then used to remove NOM from the surface
of microplastics, such as 30% hydrogen peroxide and Fenton oxi-
dation with different types of acid and base decomposition, after
the separation of microplastics from inorganic particles. Although
hydrogen peroxide removes organic matter efficiently, on their
own they are unsuitable for plastics, particularly polyethylene and
polypropylene, which usually need some combination of hydrogen
peroxide and acids. As observed by (Al-Azzawi et al., 2020; Lusher
etal, 2020; Thomas et al., 2020), H202 efficiently removes organic
matter—sludge: 80-86%, soil: 96-108%. Still, it degrades the
polymer. These acid treatments, however, can considerably destroy
microplastics because of the low pH. NaOH digestion extensively
dissipates PET and PC particles while effectively removing organ-
ic matter by 61-67% in sludge and 64-68% in soil. On the other
hand, digestion with KOH had little impact on microfibers but ef-
fectively eliminated organic matter by 57% in sludge and 35% in
soil (Al-Azzawi et al., 2020).

Analytical methods

A simple method for analyzing microplastics would be staining the
microplastics with Nile Red dye, then allowing them to incubate
for 10 minutes, followed by counting using a program (Kaile et al.,
2020). This method is sometimes unreliable because the dye does
not color all types of microplastics uniformly and includes non-
plastic materials, hence bringing down the accuracy of the meth-
od (Kang et al,, 2020). For example, the accuracy of the Nile Red
staining technique is about 78% compared to the FTIR analytical
method. While it may work in some microplastics under controlled
conditions—for example, in distinguishing polypropylene particles

in sand—it struggles to analyze more complex samples. Another
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technique uses UV-Vis measurements according to Beer’s Law for
the estimation of the number of microplastics, but it is only quanti-
tative and hence subject to failure in case of particle movement or

settling during analysis.

Techniques so far can be separated into two primary categories:
non-destructive ones, for instance, microscopy combined with FTIR
or Raman spectroscopy, and destructive techniques like chromato-
graphic methods coupled with spectrometric analysis. The com-
monly employed methods among them are FTIR or Raman micros-
copy and Pyrolysis-GC/MS (Muller et al., 2017; Wang et al., 2017).

Even though there is no single procedure accepted by all, the inte-
gration of tools such as CCD cameras, photodiodes, dynamic light
scattering, and traditional methods put into pace rapid analysis
techniques. For instance, researchers have measured the type and
size of microplastics such as PET and LDPE using these tools. Still,
the most used ones are FTIR microscopy and Pyr or TD/GC/MS,
while frequent ones are LC/MS/UV and the Nile Red method. Re-
sults from FTIR and Nile Red methods are mostly given as several
microplastics per liter or cubic meter, while or GC/MS and LC/MS,
these are mostly weight per liter or cubic meter (Asamoah et al,,
2019).

Methodology Advantages Disadvantages Lower Size References
Limit
Fourier trans- Easy to use Difficulty in characterising black ~10-20 pm Képpler et
form infrared Many particles can be analysed simulta- particles al. (2016);
coupled to neously Long time of analysis to measure mul- Campanale et al.
microscopy Automatisation available tiple particles (2020); Primpke
(n-FTIR) Short time of analysis for single particles | Measures huge areas without particles etal. (2020)
Evaluation of size and shape Detectors have to be cooled with
Detecting the intensity of oxidation liquid nitrogen
Report particles with shape and size The analysis requires expert person-
information nel
Transmission and reflection mode Huge data sets (several GB per filter)
Nondestructive No total mass determination
Less expensive than Raman and ther- Expensive
moanalytical techniques
Raman spec- Evaluation of size and shape More time-consuming measurements ~1 um Kappler et al.
troscopy Many particles can be analysed simulta- with respect to FTIR-spectroscopy (2016); Renner
neously The analysis requires expert person- etal. (2018); Xu
Automatisation available nel etal. (2019)
Detecting the intensity of oxidation Interference of biological and inor-
Staining possible ganic contaminants
Thermoelectrically cooled (TEC) detec- No total mass determination
tors obviate the necessity for liquid Expensive
nitrogen cooling
Report particles with shape and size
information
Nondestructive
Filter contributions can be subtracted out
It is possible to detect additives, pig-
ments, and plasticisers
Pyrolysis-Gas | More holistic approach to characterise, in No particle number information ~50/100 Diimichen et al.
Chromatog- a single analysis, additives and plasticiser, No evaluation of size and shape um (2015); Hen-
raphy-Mass in addition to polymer category Particles can be analysed singularly drickson et al.
spectrometry Powerful for mass determination About 40 min of analysis for each (2018); Funck et
(Py-GC-MS) particle determination al. (2020)
The analysis requires expert person-
nel
Destructive
Expensive

Source: Campanale et al. (2020)

Table 3: Methodologies used to characterize MPs: advantages and disadvantages for each technique are described.
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FTIR analytical technique

Measurement by Fourier Transform Infrared Spectroscopy serves
as a noninvasive technique to analyze some polar functional
groups—for example, carbonyl groups—based on the scattering of
infrared light at specific wavelengths by the substance in question.
Traditionally, FTIR has been unable to handle microplastics smaller
than 500 pm and contaminated samples. However, micro(p)-FTIR
microscopy currently allows for the analysis of miniature plastic
particles. The technique efficiently measures the entire regularity
of thermal radiation in a single measurement through pretreated
filter paper. Despite the effectiveness of these new techniques, FTIR
spectroscopy remains limited. The techniques to enumerate small,
irregularly shaped microplastics are time-consuming, and applying
this method to samples of less than 20 um remains quite challeng-
ing up to now (Tagg et al., 2015; Peihl et al.,, 2018).

Raman analytical technique

Raman scattering shall be used for the identification of plastics
by seeing how light scatters when molecules within particles of
microplastic dimension get excited into various states, such as vi-
brational or rotational. Micro-Raman spectroscopy, in this case, is
particularly applicable because it is capable of analyzing quite large
areas of high resolution on microplastics and gives excellent selec-
tivity and reproducibility. Besides, it only consumes a very small
quantity of the sample with minimal preparation and fast data ac-
quisition time cited in. However, this technique may be less efficient
if the sample contains organic matter, which may produce unwant-
ed fluorescence that hampers the analysis. Primpke et al. (2020)
utilized spectroscopic analysis in analyzing seawater and reported
that Raman detected almost 23% more microplastics than FTIR,
mainly for particles <500 pm. It is in this respect that a newly devel-
oped Laser Direct Infrared chemical imaging system improves time
analysis and resolution, providing key tool options to get ahead of
both FTIR and Raman limitations which were dragging the process
(Scircle et al.,, 2020).

Gas chromatography-mass spectrometry (GC/MS)

Gas chromatography-mass spectrometry involves heating a sam-
ple of microplastics and analyzing the produced gasses. Two key
modes of Gas chromatography-mass spectrometry with respect to
microplastic research: pyrolysis GC/MS and thermal desorption
GC/MS. Both measure the ions developed during heating and thus
give information on the amount of microplastics present. One of
the strong points concerning GC/MS employment, in comparison

with techniques such as FTIR and Raman spectroscopy, is its ability

to realize both qualitative and quantitative analyses on very small
samples, even for microplastics below 10 pg, due to the high sensi-
tivity. One of the major disadvantages, however, is that GC/MS is de-
structive; during analysis, the sample is completely consumed, and
thus there are no possibilities for further tests on the same particle
(Bratton et al., 2018). Compared with Raman and FTIR techniques,
which investigate the superficial nature of a microplastic particle
and are subject to interventions by substances such as dyes, GC/
MS is capable of examining the bulk of the particle and therefore

represents a more complete analysis.

Microplastic Removal Techniques

Sewage removal technique

Coming from factory, household, farming, and animal wastewaters,
there can be huge contributions of microplastics, although sew-
age remedy techniques are not competent to capturehem totally.
Examples include wastewater containing micro pellets coming
from some cosmetic products like scrubs or textile fibers released
by washing. Eventually, when this wastewater reaches municipal
treatment plants, large plastics are filtered out, but microplastic
and nanoplastic particles persist through multiple remedy meth-
ods, so certain plastic particles continue to be released into the
treated sewage. In this respect, the high residual of microplastics in
sewage brings into focus the need for improving their removal ef-
ficiency. Accordingly, comprehensive research has been conducted.
Preliminary screening and sedimentation are done as the initia-
tion steps in treatment, mainly for the elimination of large plastic
wastes. Primary treatment shall include aeration, then sedimenta-
tion, skimming off lighter plastics, or settling heavier ones. This is
followed by secondary treatment focusing on biological processes,
in which organic material is to be removed through a number of an-
aerobic, anoxic, and aerobic tanks, then settling tanks, which may
effectively remove most microplastics over five hundred microns
(Conley et al, 2019; Edo and Wu, 2020). Tertiary treatment in
wastewater treatment plants, though mostly an optional process,
uses chemical processes to remove phosphorus and nitrogen, and
thus has the potential to enhance microplastic removal with the ad-

dition of coagulants.

The concentration and size of microplastics in influent wastewater
to effluent vary according to factors such as the plant’s location and
wastewater characteristics, alongside treated objectives; further

research is hence necessary.
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Physical removal technique

Common mechanical techniques applied to microplastic removal
include buoyancy separation, settling, and screening, of which the
last one is the most broadly utilized. Filtration techniques incor-
porate screening, disk filters, and sand filters, while membrane
types also use microfiltration, ultrafiltration, nanofiltration, dy-
namic membranes, and reverse osmosis. Screening is first of all
used at most sewage remedy techniques to filter out bigger plastic
particles through filtering and sedimentation. Research has shown
that this screening technique is effective in removing 40%-80% of
microplastics. Membrane filtration, in particular, is efficient, with a
removal efficiency of over 90%, especially for microplastics larger
than 10 pm. This topic has been explored in several studies (Kunz
et al, 2016; Xu et al,, 2019; Hebner et al., 2020; Kaile et al., 2020;
Kang et al., 2020). However, the accumulation of microplastics on
membranes accelerates contamination of the membranes them-
selves and traps other organic materials. Therefore, a pretreatment
process involving membrane filtration is very essential to avoid

over-contamination from microplastics and organic matter.

Chemical removal technique

The chemical methods developed for the removal of microplastics
have been implemented in many ways, among which coagulation
and precipitation are the most used techniques for water treat-
ment. In this respect, the efficiency of microplastic removal is
highly dependent on the coagulant type, dosage, and coagulation
time. Hence, research in this area remains continuous to determine
the type of coagulant and its conditions that will ensure maximum
removal. For instance, the research of Lapointe et al. (2020) con-
ducted a Jar test to compare various microplastic removal rates
with aluminum-based coagulants and polyacrylamide dosing on
polyester and polyethylene microplastics. It points out the poten-
tial of chemical treatment, but many more studies are required to
fine-tune these methods to gain even better results. Based on its
review, PAM combined with aluminum- or iron-based coagulants is
capable of removing as high as 99% of microplastics, depending on
size, quantity, and aquatic parameters. The study also established
that electrocoagulation can be an effective method for eliminating

plastic particles.

Biotic removal technique
Biological methods for the removal of microplastics, such as pro-
cesses involving activated residue remedy, aerobic and anaerobic

breakdown, or lakes and sewage disposal, appeared studied, but

most of them usually have limited efficiency. For instance, the acti-
vated sludge systems are based on bacteria that capture microplas-
tics smaller than 0.5 mm, though they normally trap the particles
due to a short residence time in effluents and do not degrade them.
According to research, virgin microplastics had no significantimpact
on the activity of key bacterial groups associated with ammonia oxi-
dation and phosphorus accumulation. Other studies, for instance,
have documented some degree of microplastic removal or altera-
tion in the growth rate of organisms upon exposure to microplastics
(Huang et al., 2020). Most of these biological approaches, however,
result in low removal efficiency and can further cause secondary
contamination through sludge or sedimentation. As such, the effec-
tiveness of biological methods in removing microplastics needs to
be carefully weighed since they are normally very short of provid-

ing high removal efficiency.
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from Li et al, 2020a); (C) Biofilter; (D) A%0 (Liu et al,, 2020D).
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Factors Affecting Microplastic Analysis

The substantial amount and dispersal of plastic particles within the
water are driven primarily by plastic properties, including hydro-
phobicity, density, size, and environmental factors such as interac-

tions with organisms, weather conditions, and nearby industrial
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activities. In the process, plastic waste degrades into finer particles
due to exposure to sunlight, waves, and wind. These fine pieces can
travel by the action of wind to any part of the world, even finding
their way to the remotest of places such as the Alps and Antarctica.
Low-density microplastics usually attach to biological materials
and deposit, but they are easily resuspended by dynamic weather
conditions, leading to redistribution within the water body systems.
Mismanagement of industrial wastes is also behind these plastics
in these environments. Mismanagement of industrial wastes is also
behind these plastics in these environments. Dynamic changes
in weather conditions, however, hinder the understanding of the
sources and the attribution to microplastics in the water. This will
thus make the movement and dispersal of plastic particles both
vertically within the water pole and horizontally across different
areas greatly influenced by environmental factors, making it hard
to measure their presence with just a single sampling. Long-term
monitoring is essential to gain a clearer picture. In addition, the
inconsistency in mesh sizes used plus the difference in techniques
of sampling and processing challenges the consistency in interpret-
ing results. To enhance microplastic analysis, Lusher et al. (2018)
suggested that sampling and pretreatment methods should be
standardized. Since different reagents applied for separation tech-
niques influence different kinds of plastics, it is necessary to work

out specific protocols for each kind of polymer.

Advancement and Renovation in Microplastic Research

Research on microplastics is rapidly underway as scientists track
down new ways to solve this growing environmental problem. Ra-
man spectroscopy uses laser light to identify various plastics by
their distinct molecular fingerprinting. Next-generation sequenc-
ing reveals just how microplastics are impacting the environment
by decoding the DNA of organisms that come in contact with them.
Portable biosensors—for example, light-emitting bacteria or en-
zymes in the presence of specific plastics—can provide coverage
for a wide range of on-site rapid detection. Small devices, such as
microfluidic platforms, are involved in the processing and analysis
of vastnumbers of samples with high efficiency, while high-reso-
lution microscopy offers identification through detailed images of

the microplastics and hence their sources and potential dangers.

Monitoring devices, such as adsorption pads or artificial mussels,
have been used to provide a record of microplastic accumulation
over time across multiple situations recently. There exists the hope
of being able to clean up existing pollution from research into mi-

crobes and enzymes that can degrade plastics. To prevent more

microplastics from entering our environment in the first place,
developing biodegradable alternatives and enhancing waste man-
agement (in particular, recycling) are pressing tasks. Global efforts
by the International Microplastics Collaborative and others, such
as the United Nations, are very helpful in sharing data and coordi-
nating research among regions, according to Jambeck et al. (2015).
This brings together a wide range of experts, from engaging the
public with education and community science in the search for ef-

fective solutions.

Challenges Posed By Microplastics and Effective Solutions

The increased awareness of the microplastics’ impact on the en-
vironment shows the direct need for additional research into the
matter. Although plastics are being continuously produced and
disposed of, there is a lack of effective waste management. The
plastics, once let out into the environment, break down into small
particles that could enter the food chain through small organisms
and eventually pose risks to human health. It can be a serious threat
that cannot be disregarded, considering that microplastics detect-
ed in the lungs and digestive human system have been reported
by Jenner et al. (2021). Microplastics smaller than 1.5 pm are very
dangerous because they may penetrate cell membranes, leading to
a direct damage effect on cells. In-situ analysis, where samples are
analyzed in their natural environment, is recommended to avoid

contamination.

Although there is a massive research interest in the toxicity of mi-
croplastics, the smallness of their size is still a considerable chal-
lenge for their correct evaluation. Microplastics may have hazards
not only due to physical and chemical characteristics but also be-
cause of carrying some toxic chemicals from the environment. Most
of the current studies are oriented to virgin plastic materials, how-
ever, aging may change the chemical characteristics of microplastics
because of environmental factors. Such changes need further inves-
tigation to know their impacts on their toxicity. Plastic wastes con-
tinue to fragment and pose threats to life on Earth. There is a clear
need for strategies for managing waste so that the uncontrolled re-
lease of plastic waste stops. Such accurate research on microplastics
requires standardized methods of sample collection and pretreat-
ment and advanced techniques to identify them at their nanoscale
level. It also needs research on the toxicity of microplastics with
contaminants attached to them and all environmental factors that
may affect them. In addition, information on the behavior, entrance
to the human body, and minimization of microplastic concentration

are vital. If it is not possible to completely avoid plastic waste, then
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at least research should be done on the safe levels of microplastics

in the human body.

Conclusion

Due to their non-biodegradable nature, plastics contaminate a large
portion of the environment, and the contamination is increasing as
production increases globally; therefore, microplastics are consid-
ered by many to be a universal challenge. The review discusses the
dispersal, harmful effects, evaluation methods, and elimination ap-
proach connected to plastic particles. The major contaminants are
regular plastics, while sources range from agricultural and indus-
trial wastewater to cosmetic products and road runoff. Microplas-
tics are ingested through drinking water, rivers, seas, soil, and air,
and they are a potential danger to health. Their analytical process
includes sampling, pre-treatment, and analytical approach. This re-
view considers removal techniques in WWTPs, both physical and
chemical, together with biological methods; the removal values
after secondary treatment amount to more than 70% in sewage
remedy techniques. Despite this progress, more comprehensive
research is urgently needed about national policies for tackling mi-

croplastic contamination.
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