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Abstract

Background Due to the increasing usage of plastic, microplastics or plastic particles with a length of 1 to 5 mm are
omnipresent in the environment, including freshwater, agricultural soil and seas. The majority of plastic trash is made
up of microplastic debris, which has lately started to threaten ecosystems. This calls for immediate management

and analysis to ensure the traceability of microplastics in the environment.

The main body of the abstract The polymeric variety, irregular shape and microscopic size of microplastics make it
difficult to quantify their presence in the environment. In this review, the analytical techniques for evaluating micro-
plastics are discussed. The techniques included Fourier transform infrared spectroscopy, Raman spectroscopy, laser
diffraction particle, thermal analysis, scanning electron microscope, pyrolysis gas chromatography, dynamic light scat-
tering, and atmospheric solid analysis probe (ASAP) paired with quadrupole mass spectrometry (MS).

Short conclusion The purpose of the present review is to give a summary of the most efficient cutting-edge tech-
nigues for more accurate and precise microplastic examination in the environmental samples.

Keywords Analysis, Environment, Microplastics, Quantification, Toxicity

Background

Plastics play a significant function in providing greater
convenience in our everyday lives because of qualities like
low weight, affordability and durability (Gu et al. 2020).
Plastics are non-biodegradable pollutants that are unable
to break down naturally, making them an extremely per-
sistent environmental contamination. According to study
by Plastics Europe (2019), even though global plastics
output has topped 350 million tonnes, scientists warn
that if immediate action is not done to curb it, it might
reach 500 million tonnes by 2025 (Geyer et al. 2017).
Plastic goods disintegrate into microscopic particles
known as nanoplastics (length 1 m), microplastics (length
1 m to 5 mm), mesoplastics (length 5 mm to 5 cm),
macroplastics (length>5 to 50 cm) and megaplastics
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(length>50 cm) in the environment, including the soil,
air, water and other environmental media. Even further,
they may be carried by air and water currents. Microplas-
tics may be categorised into two main primary and sec-
ondary groups, depending on their source. Plastic pieces
that have been dumped into sewage treatment facilities
and rivers are considered primary microplastics. Second-
ary microplastics are produced when massive amounts
of plastic trash are fragmented and shrunk by chemical,
physical and biological activities (Guo and Wang 2019).
The fragments, granules, threads and films are the most
typical morphologies of microplastics (Cézar et al. 2014;
Huang et al. 2019; Guo et al. 2020).

Significant threats are posed by microplastics to the
environment and to living creatures. In the first place,
several researches (Wang et al. 2019; Guo et al. 2020;
Queiroz et al. 2020; Mu et al. 2022) have shown that
microplastics have a long shelf life and are challenging
to degrade, which causes significant harm to the ecosys-
tem and animals. It is also possible for microplastics in
the environment to undergo a multitude of changes that
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release biotoxic plastic additives into the atmosphere and
lead to secondary pollutants (Liu et al. 2020). Microplas-
tics are extremely likely to carry additional environmen-
tal toxins owing to their enormous specific surface area,
which might put ecosystems at greater risk (Li et al. 2018;
Nagqash et al. 2020). One type of substance that may read-
ily enter a person’s body through food chains is micro-
plastics (MPs). As a result, it is a significant risk to both
people and animals (Gaylarde et al. 2020). They have a
wide range of attributes that influence how deadly they
are, including their size, composition, and structure.
Pirsaheb et al. (2020) found that extremely small, fibre-
shaped microplastics are more dangerous in nature. The
microplastics formed from these materials, which mostly
consist of polyethylene terephthalate (PET), polyethylene
(PE) and polypropylene (PP), may, nevertheless, exhibit
minimal chemical risk, given that they were designed to
provide very minor concerns to human health (Lithner
et al. 2011). For instance, metals (such as Cr, Cd, Hg, Sb
and Pb) and also flame retardants are typically found in
e-waste plastics at per cent (%) concentrations by weight
(Li et al. 2019; Turner et al. 2019; Singh et al. 2020).

Microplastics are polymers with a range of chemical
compositions, as is widely known. PE, PP, polyvinyl chlo-
ride (PVC), polystyrene (PS), polyamide (PA) and PET are
some of the microplastics that are regularly found in the
environment. The impact of microplastics on plants has
been investigated (Zhu et al. 2019). The one that is most
usually picked to be assessed as a microplastic is PS. One
possible explanation is the fact that the basic PS spheres
have small and uniform particle sizes (i.e., 1 m). The con-
sequences of PEs are frequently studied as well because
of their widespread usage and persistence as a poly-
mer in the terrestrial environment (de Souza Machado
et al. 2018). As a result, from the perspective of ecosys-
tem health, less prevalent plastic products may have an
outsized impact and need prioritising for research. For
research monitoring microplastics, dependable and com-
parable standardised sampling and analytical procedures
are required (Galgani et al. 2013; Muller et al. 2020).
Methods for microplastics analysis are currently being
developed, and no uniform strategy has yet been created
(Uddin et al. 2020). Determining the types and concen-
tration of microplastic in agriculture is a hot topic at the
moment since it is used so often. According to several
studies, microplastics have the capability to change the
physical characteristics of soil, including adsorption—des-
orption practises, fertility rate and adverse toxic impacts
on terrestrial ecosystems (Brandes et al. 2021; Junhao
et al. 2021; Wang et al. 2022).

The significance of each type of data and the infor-
mation that has to be obtained from samples should be
taken into consideration when selecting an appropriate
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analysis approach among the ones that are accessible.
This review summarised the techniques developed and
already in use for determining the existence of microplas-
tics in real samples of the environment and speculated
on the direction that technology will go in the future.
Microplastics frequently consist of combinations of plas-
tic particles with diverse, very complicated compositions.
It is possible to figure out the molecular weights, func-
tional groups, structures, and degrees of polymerisation
of the polymers present in microplastics, as well as their
chemical makeup, by employing a variety of approaches.
Microplastic treatment strategies and traceability analy-
sis depend heavily on the chemical composition of micro-
plastics, which must be characterised (Song et al. 2015).

Various physical and chemical characterisation meth-
ods of the microplastics shown in Fig. 1 and a variety of
techniques are currently and frequently used, including
Fourier transform infrared spectroscopy (FTIR) (Song
et al. 2015), scanning electron microscopy—energy-dis-
persive X-ray (SEM-EDX) (Wagner et al. 2017), thermal
analysis (Majewsky et al. 2016) and Raman spectroscopy
(Araujo et al. 2018). These typical methods as well as a
few intriguing technologies have been introduced in this
section and are summarised in Table 1.

Methods for identifying and measuring
microplastics

Microplastics analysis using microscopy

The morphology of the MPs present in a sample may be
identified using visual identification methods such a light
microscope or polarising microscopy, according to early
investigations on MP counts and physical characterisa-
tion (Talvitie et al. 2017). Visual identification approaches
often classify MPs into three groups based on their exter-
nal appearance: fibres, fragments and pellets/microbeads.

Light microscopy

Light microscopy may be used to count the microplas-
tics, which are several hundred micrometres in size.
Since microplastics frequently lack shine, their physical
response characteristics, such as their unique elasticity
or hardness, are employed to identify them. Additionally,
fibres, fragments and beads made of microplastics fre-
quently show up in the environment (Abadi et al. 2021).
About 70% of the time, microplastic samples are clear
(Loder and Gerdts 2015). It is possible to swiftly deter-
mine coloured polymers that have had dye added dur-
ing manufacture using an optical microscope (Dehghani
and Moore 2017). It is difficult to define colourless or
amorphous plastic particles that are smaller than 100 m.
Furthermore, poor sample particle separation may
make it difficult to identify microplastics at the micro-
scopic level. Furthermore, it is challenging to distinguish
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Fig. 1 Multiple microplastics detection methods

microplastics under a microscope because sediments
and biological elements cannot be completely eliminated
through chemical degradation. A prior study found that
more than 70% of transparent particles and more than
20% of plastic-like particles are misdiagnosed. Since they
are similar particles with interfering components, it could
be difficult to distinguish between synthetic and natural
fibres with a microscope alone. Although cotton fibres
are sometimes mistaken for plastic, "destructive tests"
have been used to detect the particles. Consequently, a
technique has been developed to detect these particles
that require bringing heated needles into contact with
the particles, which melts the plastic particles (Shim
et al. 2017; Hendrickson et al. 2018). The most often used
plastic additives are bleaching agents, and they are used
in both the textile and plastic synthesis sectors. Due of

the fluorescence that bleaching chemicals generally pro-
duce, plastics may be identified using a fluorescence
microscope. Still, chemicals for paper whitening are also
applied. Inaccuracies in detection are still possible since
some minerals include chemicals that have the ability to
self-fluoresce (Dehghani and Moore 2017).

Polarising microscopy

In toxicity testing, polyethylene (PE) particles have been
successfully identified using polarised light microscopy
(Mossotti et al. 2021). The transmission of polarised
light that may be examined may be affected by the plas-
tic’s crystal structure (Abbasi 2021). Depending on the
method of manufacturing and the kind of polymer, the
degree of crystallinity varies, in the same polymer even.
However, tiny microplastic samples are necessary to
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allow enough polarised light to get through. Samples of
opaque microplastic cannot be used with this technique.

Dynamic light scattering

According to Li et al. (2021), nanoplastics are plastic par-
ticles having a particle size of less than 1 m. Dynamic
light scattering has great promise for the study of nano-
plastics. Sorasan et al. (2021) discovered that solar photo-
chemical ageing may transform secondary microplastics
into nanoplastics using dynamic light scattering experi-
ments. However, some pollutants in environmental sam-
ples might affect the experimental results, much like with
laser diffraction particle size analysis.

Laser diffraction particle size analysis

The rapid advancement of material science has resulted
in the creation of more sophisticated equipment. Laser
diffraction particle size analysis may be used to quickly,
precisely and automatically examine the distribution of
soil and the sediment particle sizes (Bittelli et al. 2022).
The experiment produced exact, finely resolved, and
comprehensive results. The approach is essentially non-
destructive and allows for the retrieval of crucial sam-
ples (Blott et al. 2004). Blott et al. (2004) claim that this
technique may be employed to investigate particles that
range in size from 0.04 m to 2000 m. However, a number
of pollutants in ambient samples might skew the results
of the study. Using this technique also aims to isolate
and eliminate microplastics from the environment. The
size distribution of microplastic particles has not been
widely detected using this approach, but as technology
advances, it will ultimately play a significant role in this
area.

Scanning electron microscopy

Even for exceedingly small particles like nanoplastics,
scanning electron microscopy (SEM) may give clear pic-
tures that have been magnified multiple times (Tunali
et al. 2020). The texture of the particle surface may eas-
ily distinguish organic particles from microplastics, and
this can be seen in high-resolution images (Hossain et al.
2019). TEM, or transmission electron microscopy, is
another method for locating microplastics. Cross-validat-
ing the data from numerous users using a tried-and-true
method helps decrease errors even if the visual detec-
tion of microplastics by TEM may differ according to the
analyser. Energy-dispersive X-ray spectroscopy (EDS) is
applied to conduct further research in order to ascertain
the elemental makeup of the item. In order to identify
microplastics using EDS, antioxidants or additive compo-
nents such Ca, Na, Al, Mg and Si are frequently collected
as markers (Watteau et al. 2018; Wagner et al. 2019).
By examining a particle’s surface elemental makeup,
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carbon-rich polymers may be differentiated from inor-
ganic particles (Abadi et al. 2021; Sabri et al. 2021). The
quantity of samples that can be processed by SEM and
TEM is constrained by the high cost of the equipment as
well as the time and labour needed for sample prepara-
tion and examination.

Flow cytometry

Adan et al. (2017) assert that the biological and medi-
cal fields have made substantial use of flow cytometry.
Flow cytometry makes use of laser light that is scattered
by particles and recorded in forward or side scattering
angles to measure substances range between 0.5 and
40 mm in particle size (Primpke et al. 2018). Kaile et al.
(2020) noted that this approach is hardly used for micro-
plastics measurement. Sorasan et al. (2021) employed
flow cytometry to track the development of micro-
scopic (1-25 m) microplastics by using Mie’s theory to
determine the size of microplastic particles from meas-
urements of scattering intensity. The different types of
microplastics cannot be distinguished by flow cytom-
etry; it can only detect microplastics with extremely
small particle sizes. Furthermore, there is a good chance
that certain pollutants in environmental samples will
have a negative impact on the accuracy of the outcomes
of experiments. In order to identify microplastics with
high particle sizes, flow cytometry must be improved. In
the future, it is projected that the field of environmen-
tal analysis will gain more from the application of flow
cytometry.

Spectroscopy-based analyses of microplastics
Spectroscopy can be categorised quantitatively and quali-
tatively microplastic without damaging the materials. The
two most popular spectrum analysis methods are Raman
spectroscopy and infrared spectroscopy employing the
Fourier transform. Fourier transform infrared spectros-
copy (FTIR) may be utilised for identifying microplastics
greater than 20 m in size, whereas Raman spectroscopy
may be utilised to detect and determine smaller micro-
plastics (Araujo et al. 2018; Schymanski et al. 2018; Prata
et al. 2019). FTIR spectroscopy and Raman spectroscopy
are widely coupled in order to investigate microplastics
(Kappler et al. 2016; Prata et al. 2019; Wright et al. 2019).
Today, spectroscopy is frequently used in combination
with other methods to count microplastics.

Fourier transform infrared spectroscopy

One can discover more about the specific chemical bonds
holding certain particles together by employing Fourier
transform infrared spectroscopy (FTIR) spectroscopy.
This method makes it simple to identify polymers with
a carbon basis. Plastics differ from other organic and
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inorganic particles in that they have a unique spectrum
that results from various bonding configurations in their
chemical structure (Avio et al. 2015; Garaba and Dierssen
2018). A trustworthy polymer spectral library may also be
utilised to recognise plastics (Jung et al. 2018; Witkowski
and Koniorczyk 2018). Using IR spectra to arrange data
for every individual plastic decreases the risk of miss-
ing plastic particles without a specific colour or texture
and prevents the measurement of non-plastic particles.
Additionally, FTIR identification indicates the composi-
tion of the polymer, which may shed light on the mate-
rial’s source and manner of occurrence (Veerasingam
et al. 2020). The conformation of oxygen bonds such as
carbonyl groups in the IR spectrum may also be used to
measure the degree of oxidation of microplastics (Zhou
et al. 2020; Hebner and Maurer-Jones 2020). Micro-FTIR,
which possesses both characteristics and permits micro-
scopic viewing of minute plastic-like particles prior to
spectroscopic confirmation on a single platform, makes it
easier to identify microplastics (Morgado et al. 2021). The
FTIR study of microplastics may also employ the trans-
mittance, reflectance and attenuated total reflectance
(ATR) modes (Hendrickson et al. 2018). Contrary to the
transmission mode, the reflectance and ATR modes do
not call for sample preparation procedures for thick and
opaque microplastics. Furthermore, unstable spectra can
be provided by the ATR mode on erratic microplastic
surfaces. The theoretical upper limit on the detection of
microplastics is set by the size of the IR beam aperture of
the ATR probe. In order to discover microplastics in envi-
ronmental samples, micro-ATR-FTIR is being employed
as a complement to the two tasks of microscopic deter-
mination of plastic-like particles and spectroscopy for
possible chemical identification (Morgado et al. 2021).
However, for microplastics smaller than 50 m, it is some-
times challenging to get a distinct spectrum that can be
precisely defined. Since ATR-FTIR measurement is a
form of surface contact investigation, the pressure cre-
ated by the ATR probe could potentially have an impact
on delicate microplastics (Silva et al. 2018). Small plastic
particles could be hard to find because of adhesion or
electrostatic interactions with the probe tip. Each particle
must be detected independently in the ATR mode, which
also takes a while. Each tiny plastic-like particle must be
identified by ATR probes one at a time, and micro-FTIR
equipment is pricey. Microplastics occasionally show up
as composite materials in environmental samples, are
frequently weathered and frequently have complicated
chemical compositions. Because of this, obtaining a clean
spectrum requires knowledgeable operators for accurate
spectrum interpretation. In order to decrease the possi-
bility of false positives while utilising a library, it is also
advised to register the variety of surfactants like sodium
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dodecyl sulphate (SDS) and sodium stearate, which may
be mistaken for plastic, together in the FTIR library
(Witzig et al. 2020). Because several studies suggest that
heavy metals and microbes are adsorbed on the surface
of plastics, the sample may need to be cleaned before
using FTIR (Mintenig et al. 2017; Jung et al. 2018; Corami
et al. 2020). A focal plane array (FPA) detector may be
used to obtain FTIR spectra for a range of microplastics
in numerous pixel arrays at the same time (Vianell 2020).
Mintenig et al. (2017) and Simon et al. (2018) claim that
each pixel can offer a unique IR spectra that can be uti-
lised to differentiate between tiny pieces and microplas-
tic fibres. Since there are not enough library data, errors
may still happen even when the FPA detector runs for a
long time (Primpke et al. 2018). More study is required
because PRCs such antioxidants, ink components, plasti-
cizers and label glue may have an effect on the FTIR data.
As an illustration, Zhang et al. (2018) created the method
known as Fourier transform infrared spectroscopy to
increase the effectiveness of identifying microplastics
by connecting Fourier transform infrared spectroscopy
with microscopy. This innovative method may be used
to measure microplastics in environmental samples in
addition to measuring microplastics as tiny as 10 m (Li et
al. 2020). Additionally, Loder and Gerdts (2015) created
a unique technique known as focal plane array detector
based micro-Fourier transform infrared imaging employ-
ing the focal plane array-based reflectance micro-Fourier
transform imaging approach.

Raman spectroscopy

In Raman spectroscopy, each polymer produces a dis-
tinct spectrum when exposed to a laser beam since the
frequency of the backscattered light changes dependent
on the molecular makeup and atom concentration of the
target. This spectroscopy may be used to detect plastics
since, like FTIR, it offers a polymer composition pro-
file for each sample (Witzig et al. 2020). It may be used
to analyse the outcomes of data libraries and algorithms
(Anger et al. 2019). Raman spectroscopy and the FTIR
approach both include non-destructive chemical analy-
sis and microscopy (Kniggendorf et al. 2019). Raman
spectroscopy’s smaller laser beam diameter than FTIR’s
allows it to identify microplastics as tiny as a few micro-
metres. The benefit of employing non-contact Raman
spectroscopy for research is that the microplastic sample
is preserved during and after the measurement, allowing
for future investigation. However, it can be more chal-
lenging to understand the results of each approach in
the detection of complex microplastics due to variations
in the reactions and spectra of microplastics between
Raman spectroscopy and FTIR. This method makes it
challenging to determine the target polymer type since
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additives and colouring agents in microplastics may
change the Raman signal (Dowarah and Devipriya 2019).
The microplastics’ surface curvature may potentially
cause accuracy problems. Additionally, it shares FTIR’s
drawbacks, such as a high cost and the need for expert
analysis. Micro-Raman spectroscopy can only distinguish
between different materials if a suitable Raman refer-
ence spectra for that material are provided in the data-
base and the potential of material misunderstanding has
been entered beforehand. Since it could be challenging to
detect the desired microplastic, the danger of false posi-
tives should be taken into account (Witzig et al. 2020). PE
is a chemical that might be mistaken for SDS or sodium
stearate. Moreover, by integrating Raman spectroscopy
with microscopy, the non-contact, non-destructive ana-
lytical technique known as micro-Raman spectroscopy
was established. The presence of microplastics in materi-
als may also be quantitatively investigated using micro-
Raman spectroscopy. However, because the method can
distinguish between particles of various sizes, the maxi-
mum number of micro-Raman spectroscopy particles is
only 5, 000. As a result, it is quite likely that the measure-
ments of the quantity of microplastics in samples made
using micro-Raman spectroscopy (Schymanski et al
2018; Tsering et al. 2022) will be off. As a result of the
field’s quick progress, spectroscopy is predicted to even-
tually take a significant role when analysing and quantify-
ing microplastics chemically at the same time.

Mass spectrometry-based analyses of microplastics
Gas and liquid chromatography combined with mass
spectrometry are methods for analysing microplastics by
looking at the distinctive products created when micro-
plastics are hydrolysed or pyrolysed (Fabbri et al. 2000;
Fischer and Scholz-Bottcher 2017; Wang et al. 2019;
Zhou et al. 2020; Li et al. 2021). These mass approaches
have a lot of potential for identifying and quantifying
microplastics, particularly nanoplastics, due to their high
sensitivity.

Inductively coupled plasma mass spectroscopy
Single particle inductively coupled plasma mass spec-
troscopy (ICP-MS), a novel mass spectrometry technique
for measuring microplastics, was developed as a result
of advances in isotope tagging technology. This innova-
tive method makes it feasible to quantify the quantity
and size of nanoparticles (Laborda et al. 2019). For metal-
based nanoparticles in environmental samples, this tech-
nique is applied very frequently (Huang et al. 2019; Keller
et al. 2018; Cervantes-Avilés et al. 2019).

Considering a comparatively low detection limit of
8.4 105 particles/L, single particle inductively coupled
plasma mass spectrometry, for instance, has been used
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to evaluate the size and number concentration of the
model Au-coated microplastics (at submicrometer scale).
However, because it relied on an indirect assessment
of the Au coating, employing it required lengthy sam-
ple preparation (Jiménez-Lamana et al. 2020; Lai et al.
2021). Single-particle inductively coupled plasma mass
spectrometry has been demonstrated to be able to evalu-
ate model microplastics particle sizes and number con-
centrations by monitoring 13C as the process develops
(Bolea-Fernandez et al. 2020; Laborda et al. 2021). Liu
et al. (2021) utilised single-particle inductively coupled
plasma mass spectroscopy in order to quantitatively ana-
lyse the particle number concentration (down to 7.1 106
particles/L) with a wide particle size range (800 nm-5 m)
and environmentally significant values produced during
the photoageing of polystyrene microplastics. It offers
enormous promise to investigate the dynamics of micro-
plastics in the ageing process using single-particle induc-
tively coupled plasma mass spectrometry.

Pyrolysis gas chromatography-mass spectrometry

An alternative method for evaluating pyrolysed gases in a
range of polymers is pyrolysis—gas chromatography mass
spectrometry (Py-GC-MS) (Ceccarini et al. 2018). To
evaluate whether a pyrogram acquired from a sample is
plastic, it may be compared to the findings of an acknowl-
edged polymer standard. Few plastic (particle) samples
are pyrolysed at temperatures above those used in TGA
(700 °C), after which they are separated and subjected
to GC-MS analysis (Shim et al. 2017). The sizes of these
samples range from 0.3 to 7 mg. Styrene butadiene rub-
ber (SBR), polyvinyl acetate (PVA), and poly(acrylonitrile
butadiene styrene) are all found in soil and suspended
solid particles after thorough investigation. This tech-
nique can only recognise microplastics made from deriv-
ative products of polystyrene (PS). More investigation is
necessary to develop molecular markers for a variety of
plastics (Watteau et al. 2018).

Liquid chromatography-tandem mass spectrometry

Liquid chromatography—tandem mass spectrometry
(LC-MS/MS) is a dependable method used in medicine
and pharmacology and the assessment of environmen-
tal acquaintances to minuscule heat-labile, nonvolatile
chemicals may be used to recognise few polymers (Gros
et al. 2006; Ng et al. 2020). In sewage sludge, for instance,
Nylon, PET and polycarbonate-based MPs have been
successfully identified and quantitatively assessed using
LC-MS/MS (Zhang et al. 2019, 2021; Peng et al. 2020).
Since it necessitates depolymerising macromolecules
before analysis, this approach is harmful. In contrast to
the count, colour, shape and size of NPs and MPs, the
analysis method provides information on the mass and
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number of monomers produced during depolymerisa-
tion. Additionally, size fractionation may be employed
with the approach to provide details on the size profile
distribution.

The majority of polymers lack the distinctive break-
down products required for mass spectrometry meas-
urement even though microplastics commonly contain
combinations of several polymer types (Wang et al. 2017;
Peng et al. 2020; Li et al. 2021; Zhang et al. 2021). As a
result, mass spectrometry cannot yet be used to calculate
the overall quantity of microplastics in the environment.

Thermal-based analyses of microplastics

Time and temperature both have an impact on a mate-
rial’s characteristics. Thermal analysis, which looks at the
functional relationship of this change, is a crucial tech-
nique for material study (Majewsky et al. 2016). Envi-
ronmental samples are heated before utilising thermal
analysis to assess microplastics. The microplastics absorb
significant heat as the temperature rises, eventually con-
verting the polymers from a solid state to a liquid or gas
form. At that specific temperature, an endothermic peak
then manifests (Majewsky et al. 2016). Since various
types of polymers have varying thermal stabilities, the
composition and type of microplastics and their additives
may be investigated using the standard thermograms of
polymers (Majewsky et al. 2016).

Differential scanning calorimetry

Analysing materials by examining the thermal charac-
teristics of polymers is made easier using differential
scanning calorimetry (DSC) (Tsukame et al. 1997). Cur-
rently, polyethylene and other important microplas-
tics are routinely found in the environment, and DSC is
widely employed to find them (Castaeda et al. 2014). Due
to the fact that DSC only has a few applications, other
techniques are usually used with differential scanning
calorimetry. It exhibits variations in dissolution, crystal-
lisation, transition temperatures and related enthalpy
and entropy to support the physical properties of poly-
mers (Miusellim et al. 2018). Since every plastic item
has distinctive characteristics, DSC may be utilised to
differentiate between various polymer types (Zainud-
din and Syuhada 2020). Because the peaks overlap when
DSC identifies microplastics having same melting points
(MPs), there are restrictions (Rodriguez Chialanza et al.
2018). It is solely useful for the identification of major
microplastics, including PP and PE not all microplastics
(Bitter and Lackner 2021). More investigation is neces-
sary to develop molecular markers for a variety of plastics
(Watteau et al. 2018).
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Thermogravimetric analysis

Thermogravimetric analysis (TGA) is an additional
technique for thermal analysis. By evaluating the sam-
ple’s dependency on time and temperature and meas-
uring the sample’s weight loss while it is heated at a
certain rate under predetermined ambient and tem-
perature settings, this approach validates the sample’s
qualitative and quantitative information (Ma et al.
2018). Microplastics in wastewater have been investi-
gated in the past using TGA and DSC. However, only
polypropylene (PP) and PE could be distinguished in
these tests with confidence. There was no mention of
polyamide (PA), polyvinyl chloride (PVC) or polyester
(PES). Polyethylene terephthalate (PET) and polyure-
thane (PU) phase transition signals, for example, are
difficult to identify from one another (Majewsky et al.
2016; Sun et al. 2019).

In conclusion, thermal analysis may be added to the
analysis process right away without the requirement for
time-consuming sample preparation. However, there
are also substantial disadvantages to thermal analysis.
First off, due to the tendency of polymer branching and
other impurities in microplastics to impact the transi-
tion temperature of polymers, certain copolymers are
difficult to detect by thermal analysis. Furthermore,
heat analysis cannot be used to characterise the physi-
cal characteristics of microplastics, such as their shape
and appearance, because it destroys environmen-
tal sample. Therefore, thermal analysis is commonly
employed to detect the chemical components of micro-
plastics and to calculate their quantity. This could limit
how thermal analysis is applied (Rocha-Santos and
Duarte 2015; Majewsky et al. 2016; Shim et al. 2017;
Huppertsberg and Knepper 2018; Silva et al. 2018).

Cutting-edge technology

Methods developed via the development of new ana-
lytical equipment and the integration of new detection
technologies with existing instrumentation should be
able to address the present issues in microplastic iden-
tification. One issue that has to be overcome in micro-
plastic analysis is the maximum detectable size. The
minimal detectable size limit for the current analyti-
cal methods is a few micrometres. It is more important
than ever to comprehend the presence, destiny, distri-
bution and toxicity of plastics at the nanoscale because
smaller plastic particles might cause more dangerous
side effects. New methods of identification and pro-
tocols for the collection, extraction, purification and
concentration of nanoplastics need to be developed as
a result.
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Atomic force microscopy-infrared and Raman

In conjunction with IR or Raman spectroscopy, atomic
force microscopy (AFM) could be a candidate for study-
ing nanoplastics. AFM probes may interact with objects
in contact- and non-contact modes, and the technique
can provide images with a resolution of just a few nano-
metres. You may also employ AFM with IR or Raman
spectroscopy to display the target material’s chemical
makeup (Luo et al. 2021a, b). Due to the sample’s ther-
mal expansion brought on by IR absorption, the AFM
cantilever vibrates. The Fourier transform is used to
evaluate the ring-down pattern and quantify the fre-
quency and amplitude of the vibration (Luo et al. 2020).
AFM-IR can also record both the target’s IR absorp-
tion spectra and an image with a spatial resolution of
50-100 nm. IR and AFM spectra of 100 nm PS beads
were effectively obtained in earlier research. However,
it is challenging and time-consuming to locate a single
nanoscale plastic particle target to concentrate on with
AFM-IR in an unidentified material. The human search
for plastic particles is one of the labour-intensive ana-
lytical stages in traditional microplastic analysis meth-
odologies. How rapidly organic and inorganic particles
are removed throughout the separation and purifica-
tion processes determines how long the pretreatment
procedure will last. It is possible to miss microscopic,
translucent plastic particles, especially during hand
identification. Both problems can be solved by auto-
mated FTIR/Raman mapping or by monitoring parti-
cles with Raman spectroscopy, but both methods need
pricey equipment that not many microplastics research
laboratories can afford.

Nile red staining of plastics

A simple staining approach may be used to address the
issue of minute, transparent particles. Attempts have
been made, although the use of Eosin B, Rose Bengal
Hostasol Yellow 3G and Oil red EGN is prohibited (Prata
et al. 2019). The fluorescent dye 9-diethylamino-5H-ben-
zophenoxazine-5-one is excellent for selectively colour-
ing very hydrophobic microplastics, however. Nile red is
an additional choice. It is frequently used to stain physi-
ologically neutral lipids. Only in a hydrophobic environ-
ment can Nile red be observed because of its great affinity
for neutral lipids and intense fluorescence. Short staining
times (10-30 min) and excellent recovery efficiencies (up
to 96%) are two benefits of the Nile red staining tech-
nique; in addition, a quick bleach wash is performed as
needed. This is a helpful first step before conducting a
more thorough spectroscopic investigation and is effec-
tive for finding hidden microplastics (Erni-Cassola et al.
2017; Simmerman et al. 2020). Following fluorescence
microscopy, an FTIR microscope with a fluorescent filter
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can be used to validate the spectrum identification of the
same particle. Combining fluorescence microscopy with
FTIR confirmation after Nile red staining might reduce
the possibility of missing microplastics in in situ sam-
ple identification (Sancataldo et al. 2020). Furthermore,
in comparison with only spectroscopy, it takes less time
to detect all particles that resemble plastic (Vermeiren
et al. 2020). The possibility of co-staining organic chemi-
cal molecules is one of the main drawbacks of using Nile
red staining on in situ materials. In order to properly pre-
pare the sample for the Nile red stain, extensive cleaning
is necessary. Complete organic material removal during
the pretreatment stage might be challenging and time-
consuming. To get around this, attempts have also been
made to remove organic molecules utilising H,O, or a
density separation process utilising, for instance, Fen-
ton reagent or sodium chloride (NaCl) (Al-Azzawi et al.
2020; Li et al. 2020). The efficiency of these techniques,
however, is constrained by the large range of densities of
plastics.

Near-IR spectra analysis method

NIR spectroscopy has also been considered as a possible
evaluation tool for microplastics. The spectrum between
600 and 4000 cm™ is studied by FTIR, whereas the spec-
trum between 4000 and 15,000 cm™! is examined by NIR,
according to Zhang et al. (2018). Studies of NIR spectra
frequently employ X-H chemical vibration combina-
tions, such as C-H, N-H and O-H. For quantitative
analysis, NIR analysis is imprecise and tough to employ.
But it can quickly sort and assess a lot of data from plastic
sample sets. In order to determine the kind of a sample
rather than its number, it is better to use this analytical
approach (Paul et al. 2019).

Vis-NIR analysis

A Vis—NIR spectroscopy evaluates how much light is
reflected from the surface of the sample in 350—2500 nm
range in order to compute the reflectance for each wave-
length. Since it takes into account the sample’s chemi-
cal makeup, this analytical approach may be utilised to
quantify microplastics (Corradini et al. 2019). Microplas-
tics like PET, low-density polyethylene (LDPE) and PVC
may be recognised using an open Vis—NIR spectral data
library for a number of polymers that are often discov-
ered in the environment. However, because it depends
on optical detection, biological particles might still be
incorrectly categorised as plastic, necessitating human
judgement.

Nanothermal analysis
AFM images made with nano-TA probes combine high
spatial resolution with local temperature monitoring.
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Nano-TA is a method for doing this. This makes it pos-
sible to understand the thermal behaviour of materi-
als with a spatial resolution of <100 nm. When a site of
interest is chosen during a nano-TA examination, the
probe travels to a fixed spot on the sample surface. The
probe is extremely sensitive to the microplastic’s stiffness
(hardness). When the sample surface reaches the glass
transition temperature, the tip stops gradually heating
up. Since the sample softens during phase inversion, it is
largely utilised to calculate the glass transition tempera-
ture and research the nanoscale surface characteristics
of microplastics. The probe can pierce the sample with
this procedure, which is another benefit (Luo et al. 2020).
Recent investigations on the features of microplastics
altered by the advanced oxidation process using nano-
TA and the impacts of TiO2-dyed microplastics’ charac-
teristics on ageing (Luo et al. 2020). Understanding the
thermal characteristics of distinct locations, such as glass
temperature, from the nano-TA research of microplastics
facilitates inferring both with the physical and chemical
state of each microplastics region. For both amorphous
and semi-crystalline polymers such LDPE, PS, polycapro-
lactone (PCL), PET, polyoxymethylene (POM) and poly-
methyl methacrylate (PMMA) comparable materials, the
phase transition temperature has been investigated using
the nano-TA measurement method (Guen et al. 2020).

X-Ray diffraction

XRD patterns were used to examine a range of micro-
plastics. PET has a very poor crystalline quality and
large peaks; its highest peak intensity is 2 of 25.7°. PP is
a potent crystalline compound with sharp peaks. It has a
31.2° diffraction peak and a 34.3° 2 decrease. Their maxi-
mum diffraction peak intensities fall by 21.6°, 24.05° and
27.5° in PE, which is inherently crystalline. These three
summits are all very visible and extremely distinct. The
emergence of large and wide peaks in PS reveals the
material’s poor crystalline quality. PS has an intensity
peak of 22.6° at a wavelength. The PBT microplastic poly-
mer’s pattern is noisy even though it lacks a clear peak
and is amorphous in nature (Thakur et al. 2023). Accord-
ing to previous research, the XRD patterns of three dif-
ferent types of microplastics (PE, PVC and PS) show two
strong sharp peaks at 2 of 21.1° and 23.4° for PE, no sharp
peak for PVC and wide peaks for PS that are defined as
having a poor crystalline structure (Ezeonu et al. 2019;
Liu et al. 2019; Moura et al. 2023).

Atmospheric solid analysis probe (ASAP)

Although it has been demonstrated that mass spectrom-
etry (MS) is useful for characterising synthetic poly-
mers, it has not yet been extensively investigated for the
examination of individual particle microplastics (MPs).
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Although MPs are currently considered to be widespread
contaminants, detailed information on their prevalence is
still scarce since MP characterisation processes are diffi-
cult to get. This work recommends employing an air solid
analysis probe (ASAP) linked to a small quadrupole MS
for the chemical analysis of single-particle microplastics
in order to completely support complementing stain-
ing and image analysis methodologies. Prior to finish-
ing the real polymer characterisation, a two-stage ASAP
probe temperature protocol was created with the goal of
removing additives and surface impurities. Numerous
single-particle MPs, such as polyamides, polyaromatics,
polyacrylonitriles, polyolefins, polyacrylates, polycarbon-
ates and (bio)polyesters showed unique mass spectra for
the approach. In both full scan and selective ion record-
ing modes, the individual particle size limits of detec-
tion for polystyrene MPs were found to be 30 and 5 m,
respectively. Also described the results of a multimodal
approach to microplastic characterisation. This method
uses staining and fluorescence microscopy to initially
analyse filtered particles before they are individually
probe-picked for ASAP-MS analysis. The procedure pro-
vides a comprehensive description of MP contamination,
compromising details on particle number, size, shape and
chemical composition. The research of MPs in bioplastic
water bottles demonstrated clearly the applicability of the
well-known multimodal approach (Vitali et al. 2022).

Conclusions

Combinations of different microplastic analytical tech-
niques will be employed to find microplastics in diverse
environment matrices. The smaller the microplastics
are, the harder they are to locate. Sub-micron analy-
sis is becoming more and more crucial to evaluate the
microplastics adverse effects on the environment and
human health. It will be essential to create new strate-
gies and enhance current ones as the need for micro-
plastic contamination monitoring grows in order to cut
down on the time and effort required for detection. For
locating and measuring nanoplastics in environmental
samples, it will also be crucial to create trustworthy and
useful identification procedures. Future study should
concentrate on developing a fully or partially automated
analytical strategy that can incorporate image analysis-
based approaches to identify the plastic components and
detect physical characteristics (such as size and shape)
of microplastics. In addition, synthetic cellulose fibres
that are sold under the names rayon in the US and vis-
cose in Europe are contaminating the environment in
a way that is quite similar to that of microplastics. As a
result, this should also be considered while researching
microplastics. In order to prevent this error, considera-
tion should also be given to the features that distinguish
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microplastics from materials that are equivalent to them.
In order to identify and eliminate microplastics from
environmental samples, research should also continue to
introduce and develop innovative dyeing methods, nano-
technology and analytical techniques.
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