SCIENCE FORUM (JOURNAL OF PURE AND APPLIED SCIENCES) 25, (3) (2025), 120 - 168

Science Forum (Journal of Pure and Applied Sciences)

Journal Homepage: https://atbuscienceforum.com.ng/index.php/jpas

Chemistry of Analysis and Determination of Microplastics and Nanoplastics in Humans, Air, Water
and Soil: A Comprehensive Review of Previous Studies

OBIJOLE', O. A; DEMEHIN', A.I, OJO' B. M.; AMOKO', J. S., OKE?, I.A

'Department of Chemistry, Adeyemi Federal University of Education, Ondo, Nigeria
2Department of Civil Engineering, Obafemi Awolowo University, Ile-Ife, Nigeria

Abstract

Environmental pollution caused by plastics has become one of the most pressing global

challenges of the 21st century. The rapid pace of industrial and technological advancement—  Keywords

often driven by human convenience and economic priorities—has intensified the accumulation ~3frength Prediction,

Opftimization,
Orange Peel ash,
Despite extensive global efforts to address legacy contaminants and pollutants, the continual  Eggshell powder

of plastic waste in the biosphere, posing severe threats to both human and ecosystem health.

introduction of new and complex plastic-derived substances, including microplastics (MPs)and ~ Cement blends
nanoplastics (NPs), remains a persistent and evolving concern. These emerging contaminants
have triggered worldwide initiatives focused on risk evaluation, toxicological assessment, and
regulatory control, highlighting the urgent need for improved analytical and monitoring
strategies. This study aims to present a comprehensive overview of the chemistry, analytical
techniques, and methodological approaches used in the identification, characterization, and
quantification of microplastics and nanoplastics in environmental media. Data and relevant
literature were systematically retrieved from reputable scientific databases including
Scopus, PubMed, Royal Society of Chemistry Publishing, SpringerLink, Google Scholar,
Magiran, and Taylor & Francis Online. The search employed keywords such as microplastics,
nanoplastics, analysis, determination, and environmental monitoring. The review identified a
range of analytical techniques employed for the determination of MPs and NPs. These include
particle-based methods, thermal degradation techniques (such as pyrolysis-6C/MS), and hon-
destructive spectroscopic approaches such as Fourier-transform infrared (FTIR)
spectroscopy, Raman spectroscopy, scanning probe microscopy coupled with spectroscopy, and
Raman-based analysis of nanoplastics enabled by optical tweezers. Each method varies in its
detection limits, resolution, selectivity, and sample preparation requirements, influencing its
suitability for specific environmental matrices such as water, air, and soil. The study
concludes that while remarkable progress has been made in the development of analytical
tools for MPs and NPs, significant challenges persist in achieving standardized, reproducible,
and high-sensitivity measurements—particularly at the nanoscale. Future research should
therefore focus on the harmonization of analytical protocols, development of integrated
multi-technique frameworks, and the advancement of real-time detection systems to better
understand the fate, transport, and ecological implications of micro- and nanoplastics in the
environment.
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INTRODUCTION

Emerging contaminants, microplastics and
nanoplastics are substances of synthetic origin
that are not typically regulated in the
environment (Goukeh et al., 2025). These
environmental pollutants are a significant
emerging research interest that can be
established in a variety of environmental
systems (Dirtu et al., 2012; Albero et al., 2017;
Barroso et al., 2019; Liu et al., 2021a, 2021b;
Bayabil et al.,, 2022; Pakdehi et al., 2023;
Goukeh et al.,, 2025). Several hundreds of
emerging contaminants, microplastics and
nanoplastics have been found in the
environment at low concentrations (Gliige et al.,
2020; Goukeh et al., 2025; Wang et al., 2024a).

Microplastic and nanoplastics pollution has led
to severe environmental problems.
Microplastics and nanoplastics have been
established on the world's highest mountain
(Dong et al., 2023) and in the deepest trench
of the Pacific Ocean. Microplastics and
nanoplastics are widely distributed throughout
the hydrosphere, pedosphere, atmosphere and
biosphere (Dong et al., 2023). Figure 1 presents
an overview of the sources of microplastics and
nanoplastics, implications and migration
pathways. Figure 2 shows a schematic diagram
of the degradation process of waste plastic.
Figure 3 shows a schematic of the sources of
waste plastics and their transportation routes.
Figure 4 presents the atmospheric deposition
of microplastics and nanoplastics in the
terrestrial ecosystem, their effect on soil
properties and feedbacks to the atmosphere.
Figure 5 shows an adsorption mechanism
between microplastics and chemicals. Figure 6
shows the role of microplastics in an aquatic
environment.

Humans are exposed to nanoplastics and
microplastics through the air, water and food.
nanoplastics and microplastics have been
frequently detected in food samples, such as
salt, sugar, beer, honey, eggs and seafood
(Dong et al., 2023). In addition, microplastics
and nanoplastics have been found in biological
samples from humans, such as colectomy
specimens, saliva, sputum, the lungs, liver,
breastmilk and faeces (Dong et al., 2023).

These microplastics, nanoplastics and smaller
polymers can be transported throughout the
human body through the blood circulation
system and can penetrate the blood-brain
barrier, possibly leading to oxidative damage
and immunological stress, which could threaten
human health (Dong et al., 2023). Figure 7
shows the cycling of microplastics in the multi-
sphere system. Figure 8 presents the potential
health effects and impacts of microplastics
and nanoplastics. Figure 9 presents changes in
the properties of microplastics and
nanoplastics.

Figure 10 shows the bioaccumulation phase of
the microplastics and nanoplastics life cycle.
Figure 11 presents the impacts of microplastics
and nanoplastics on seafood organisms. Figure
12 shows the impacts of microplastics and
nanoplastics on human health. Figure 13 shows
the sources, potential pathways and routes of
exposure to microplastics and nanoplastics and
potential toxic effects on humans. Figure 14
presents the interaction between
microplastics, nanoplastics and the human
body. Further readings on nanoplastics and
microplastics, effects, movement and fate can
be established in the literature, such as Parida
et al. (2021); Akhbarizadeh et al. (2020); Nika
et al. (2023); Mojiri et al. (2021); Rout et al.
(2021); Wang et al. (2021a; 2021b); Saravanan
et al. (2022); Yatoo et al. (2024); Mojiri et al.
(2021); Wijekoon et al. (2022); Chen et al.
(2022); Dong et al. (2023; Ghosh et al., 2023).
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Figure 1 An overview of the sources of microplastics and nanoplastics, implications and migration pathways (Source:
Roy et al., 2022).
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Figure 2 A schematic diagram of the degradation process of waste plastic (Source: Roy et al., 2022).
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Figure 3 A schematic of the sources of waste plastics and their transportation routes (Source: Roy et al., 2022).
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Figure 4 the atmospheric deposition of microplastics and nanoplastics in the terrestrial ecosystem, their effect on
soil properties and feedbacks to the atmosphere (Source: Roy et al., 2022).
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Figure 5 An adsorption mechanism between microplastics and chemicals (Source: Roy et al., 2022).
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Figure 6 The role of microplastics in an aquatic environment (Source: Roy et al., 2022).
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Figure 7 the cycling of microplastics in the multi-sphere system (Source: Dong et al., 2023).
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Figure 8 the potential health effects and impacts of microplastics and nanoplastics (Source: Goukeh et al., 2025).
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Figure 10 The bioaccumulation phase of the microplastics and nanoplastics life cycle (Source: Kushwaha et al., 2024).
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Figure 13 the sources, potential pathways and routes of exposure to microplastics and nanoplastics and potential
toxic effects on humans (Source: Barcelo et al., 2023).
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Figure 14 the interaction between microplastics, nanoplastics and the human body (Source: Rednikin et al., 2024).
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These observations and findings revealed that
there is a need to accurately assess
microplastics  and  nanoplastics in  the
environment to prevent ecological risks and the
health risks posed to humans by these pollutants.
The main focus of this study is to provide
information and data on methods and techniques
utilised in the analysis and determination of
microplastics and nanoplastics, with challenges in
each of these detection techniques.

MATERIALS AND METHODS

In this dynamic and vital study on the creative
methods for cleaning up soil contaminated by
microplastics, the evaluation of the literature
based on accomplished information on
microplastic and nanoplastic particles presence in
the soils, the sampling, examination, evaluation
and laboratory analysis of microplastic and
nanoplastic in soil samples, and the environment
utilising various techniques. The essential
information and relevant data (figure and
numerical values) were collected and extracted
from published databases such as PubMed link
(https://www.pubmed.ncbi. nlm.nih.gov), Taylor
and Francis Online link
(http://www.tandfonline.com/),  ScienceDirect
link  (http://www.sciencedirect.com/), Google
Scholar link (https:// scholar.google.com/),
Scopus link (https:// www.scopus.com/), Web of
Science link  (https://webofknowledge.com/),
Elsevier link (https://www.elsevier.com/), Wiley
Online Library link
(http://onlinelibrary.wiley.com/),  SpringerLink
(http://link.springer.com/), American Chemical

Society (ACS) Publications link
(http://pubs.acs.org), Magiran link
(https://www.magiran.com/), MDPI link
(https://www.mdpi.com/), Frontiersin link

(https://www.frontiersin.org), and Royal Society
of Chemistry (RSC) Publishing link
(http://pubs.rsc.org) using the keywords:
microplastics, microplastics - nanoplastics
methods for nanoplastics determination, creative
methods for microplastics determination, analysis
of microplastics, analysis of nanoplastics,
pretreatment of microplastics and nanoplastics,

digestion of microplastics and nanoplastics. Figure
15 presents the flow chart of the methodology
used. The outcome of the literature search was
analysed using Microsoft Excel.

Literature Review on techniques for the
analysis and determination of microplastics and

nanoplastics in human, air, water and soil.
Literature Review and Research Findings on
techniques for the analysis and determination of
microplastics and nanoplastics in human, air, water
and soil are presented as follows:

a. General Techniques for the
Determination of Microplastics and
Nanoplastics

Shi et al. (2024) reviewed methods to analyse

microplastic ageing with a focus on the ageing
process, qualitative identification, quantitative
characterisation, and chemometrics. It was
concluded that changes in mechanical and thermal
properties allow for the differentiation of aged
microplastics. Infrared and Raman spectroscopy
are rapid and sensitive for chemical identification
of microplastics in complex environmental
samples. Combining two techniques is preferable
for accurate detection and categorisation. Figure
16 shows the Methods for the qualification and
quantification of aged microplastics. Ivleva (2021)
reviewed  advanced methods  for  the
representative mass-based and particle-based
deftermination and analysis of microplastics and
nanoplastics, with a focus on the sensitivity and
lower-size limit for detection. The disadvantages,
advantages and limitations of these methods and
techniques, with their complementarity of the
methods and techniques for the comprehensive
characterisation of microplastics and
nanoplastics, were discussed.

b. Methods for the Analysis and
Determination of Microplastics and
Nanoplastics in Human.

Barcelo” et al. (2023) reported that the
techniques and methods that have been used for
analysis and determination of microplastics and
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nanoplastics in human samples fall into three
classes as follows:

I Microscopy (stereo microscopes, optical
microscopes, scanning electron microscope (SEM),
fluorescence microscopes after Red Nile
Stainning),

Spectroscopy (Raman, FTIR), and Separation
(Chromatography coupled with mass
spectrometric detection, such as pyrolysis gas
chromatography. mass sepctrometry (py-6C-MS),
high performance liquid chromatography with
tandem mass spectrometry (HPLC-MS/MS)).
Table 1 presents a brief description of sample
treatment and analysis techniques used for the
detection of microplastics and nanoplastics in
human matrices. Figure 17 shows the features and
limitations of the techniques used to characterise
and quantify microplastics and nanoplastics in
human samples. Figure 18 shows a scheme of the
different steps and procedures followed in the
studies on microplastics and nanoplastics in human
matrices.
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Figure 15 The flow chart of the methodology used
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Figure 16 The Methods for the qualification and quantification of aged microplastics (Source: Shi et al., 2024).
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et al.2023)

Matrix

Sample
pretreatment

Analysis

Reference

Filtered washes of
the hand and face
skin, head hair and

For hand, face or hair samples that appeared turbid:
Reduction of volume by heating , Removal of organic matter by adding
35 mL of 35% H:0: for 2-10 days. Elimination of residual HzO:
heating . Addition of 50 mL of ZnCl, (1.6 g/cm®), shaking for 5 min,
and allowed to settle for 90 minutes. Centrifugation of the remaining
supernatants and vacuum filtration through 2.0 x 10 ®m filter paper.

Binocular microscopy at up to 200 x magnification,
Polarized  light ~ microscopy,  fluorescence
microscopy x 10% Raman Spectra

400-800 cm™ Size determined equal or greater

Abbasi and Turner (2021)

saliva Samples without visible contamination: than 10.0 x 10°m
Vacuum filtration filters were air-dried at room temperature in a '
glass cabinet for a few days and then transferred to Petri dishes for
counting.
Urine Digestion with KOH 10% at a ratio of sample/ solution of 1:2 (v/v) for | Binocular microscopy using x 10 and x100 objectives Pironti et al. (2023)
48 h at 40 °C and filter through 1.2 um pore size glass fiber filter pRaman Spectral range 200-1800 cm™
Size determined 4.0 -15.0 x 10°m
BALF 44 healthy Rinse with bidestillated water and dry overnight at 60 °C Binocular  microscopy SEM-EDX  pFTIR - Baeza-Martinez et al.
volunteers Transmission mode Spectral range 550-4000 cm! (2022)
Size determined greater than 50.0 x 10°m
Sputum Digestion with nitric acid , density separation with ZnCl, (1.7-1.8 g/ cm®), Optical microscope, pFTIR -Reflection Size Huang et al.(2022)
Filtration in a silver membrane, rinsing and soaking in ethanol and drying determined greater than 0.1 mm, LDIR imaging
in a Petri dish -Reflection Size determined between 20.0 and
500.0 x 10°m
Breast milk KOH, ratio sample /solution 1:10 (w/v) at 40 °C for 48 h LRaman Spectral range 200-1800 cm™ Ragusa et al. (2022)
+ Filtration on a glass fibre membrane and dry in a Petri dish Size determined between
2.0 and 12.0 x*m
Blood Denaturing of proteins at 60°C for 1 h Double shot Py-6C-MS (First 100 -300 °C at Leslie et al. (2022)

- Digesting proteins with Proteinase K and CaCl2at 50°C for 2 h -
Filtration and rinsing with 30% H202 solution

50°C/min, second 600 ° C)
MPs total mass determined

Placentas, Breast
milk and Meconium
Infant feces

Digestion with HNO3 for 48 h at room temperature, then for 3 h at
95°C
- Filtration to 13.0 x 10°m stain steel sieve and rinse with water and
ethanol

LDIR imaging -Reflection
Size determined 20-500 ym

Liu et al. (2023); Liu et al.

(2022)

Feces

Treatment with H202, Keeping samples for 2 weeks to reduce the
amount of natural stool constituents + Separation of solids into 2
fractions 0.05-0.5 and > 0.5 mm r+ Additional treatment of 0.05-0.5 mm
fractions using chemical/ enzymatic procedures

Fractions > 0.5 mm by ATR- FTIR
+ 0.05-0.5 mm fractions by FTIR imaging
* Transmission mode

Schwabl et al.(2019)
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Table 1 Continued

Matrix Sample pretreatment Analysis Reference
Digestion of 3 g sample with 25 mL of 30% H202 for 20 days LFTIR Reflection mode Spectra 4000-750 cm™
Feces  Freeze drying - SieF\’/ing of particles > 5 mm - Filtration ! 4000-750 cm™ Size defefmined 20-800 ym Zhang ef al. (2021)
Feces Digestion using Fenton's reagent Raman Spectra 500-2750 cm™ Lugman et al.(2021)
* Filtration + Digestion with HNO3 Size determined not reported
+ Dilution and filtration
Feces Digestion using Fenton's reagent - Filtration + Incubation with 65% | pRaman: Spectra 200-1050 nm Space resolution: < Yan et al. (2022)
HNO3 at 50 - C for 30 min 0.5 ym Size determined: 1.7-393.8 um
Feces Dilution and filtration Drying + Digestion using Fenton's reagent Raman Spectra 500-2750 cm-1 Size determined (Wibowo et al.,
Filtration not reported 2021)
Human - Digestion with 10% KOH solution in a ratio with the LDIR imaging -Reflection Zhu et al. (2023)
placenta sample of 1:30 (w/v) for 72 h at 50 °C and 120 rpm - Filtration to 10 Spectra 900-1800 cm-1 Size determined
um stain steel sieve and rinse with water and ethanol 20-500 pm
Human Sieving through a 50 pm stainless steel sieve - Rinsing out into a beaker FTIR imaging system Transmittance mode (Braun et al.,
placenta with H202 30% at 25 o C keeping it ca. 5 weeks for meconium and 7 Spectra 4000-1250 cm-1 2021)
and weeks for placenta. * Sieving residuals using a 50 tm filter and placing Spectral resolution of 16 cm-1
meconium carefully intfo NaOH 0.05 M at 25 < C Pixel size 25 pym Size determined
+ Transfer onto a 50 pm stainless steel sieve and flushed out with > 50 um
ultrapure water into a pre- cleaned beaker. -« Vacuum filtration using
membrane - Placing filters in lidded Petri dishes and dried
at 60 - C overnight
Human Digestion with 10% KOH solution in a ratio with the Binocular microscopy using x 10 and x100 (Ragusa et al., 2021)
placenta sample of 1:8 (w/v) * Sealing and incubating the containers at objectives yRaman Spectral range
room temperature for 7 days - Filtration of digestates 160-2000 cm-1 Size determined 5-10 tm
+ Drying filter papers and storing in glass Petri dishes.
Pulmonary Digestion of tissues using enzymatic mixture for 12 hat 60 - C Binocular microscopy using x 10 and x100 (Amato-Lourengo
tissue * Density separation by ZnCl2 solution (1.5 g cm- 3) « Filtration by silver objectives pRaman Spatial resolution of 0.5 tm et al., 2021)
samples membrane * Drying of membrane filters Size determined Particles < 5.5 um Fibres from

8.12 10 16.8 ym

Lung tissues

Digestion with 100 mL of 30% H202 at 50°C for ca. 11 days - Filtration
onto Al203 membranes

UFTIR - transmittance mode Spectral range of
4000-1250 cm-1, High spectral resolution 8 cm-1
Size determined 20 - 500 ym

Jenner et al., 2022)

Human colectomy
specimens

Digestion: 10% KOH at 60 - C for 7-10 h. - Filtration cellulose filter
* Drying at room temperature for 2 days

Stereomicroscope (hot needle test) uFTIR -ATR
mode Spectral range of 4000-400 cm-1 SEM -
EDX Size determined not reported

Ibrahim et al.,
2021)

Liver tissues,

Digestion with 10% KOH and NaClO 2:1 ratio at 40 °C for 72 h

Fluorescent microscopy and Red Nile staining

Horvatits et al., 2022)

kidney, and * Filtration silver filter + Second digestion with 30% H202 - Filtration HRaman Size determine 3.3-30.1 ym
spleen silver filter
Saphene vein Digestion with 200 mL H202 (30%) for 168 h at 65 °C and 85 rpm PFTIR - transmittance mode Spectral range of Rotchell et al., 2023)
tissue * Filtration with AlO3 filters of 0.02 pm 4000-1250 cm-1 Spectral resolution 8 cm-1

Size determined > 5 tm
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Microscopy Stereomicroscope

Optical microscope MPs <0.1 mm, >1 ym
‘ Fluorescence microscope Quantify numb,er of MPs
Polarized light microscope

. MPs <1 um
- 3 Election microscope Quantify number of MPs
- ol
Features Limitations
» Simple, rapid and easy = No chemical confirmation
+ Visual identification of MPs = Missidentification of natural substances as MPs
» Characterization of size, shape and color = High possibility of missing small and transparent MPs
Spectroscopy
MPs >. 100-200 um
Limited by the need of manual handling
- FTIR-IR (ATR)
Raman Spectrum of each particle is use to identify the type of MPs
by comparison in the existing libraries
Features Limitations
+ Chemical confirmation of the type of polymer = Laborious work and time consuming for particle
+ Non-destructive analysis identification

= Requires training of the operators

Micr OSCOBY+ Srpectroscogyr \

b Advantages

T « Visual identification of MPs
* HOY MAENe ;TIR'IR mgs 2 ? HI « Characterization of size, shape and color
- géurgl;g SinEn MPz : 1 ﬁ: » Chemical confirmation of the polymer

« Identification of chemical composition

Quantify number of MPs

Chromatrography
Sensitivity is driven by mass and concentration
Py-GC-MS (Mg or pg/unit of sample
TD-GC-MS
( ‘ Pyrolyzers broken polymers in their monomeric
units that are then GC separated and MS
1 identified.
Features Limitations
» Chemical confirmation of the type of polymer = No visual identification of MPs
« |dentification of other additives of the plastic = No characterization of size, shape and color

Figure 17 The features and limitations of the techniques used to characterise and quantify

microplastics and nanoplastics in human samples (Source: Barcelo et al. 2023)
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SAMPLING
IN CLINICAL SETTINGS IN NON-CLINICAL SETTINGS
* Blood
Placenta "
, . * Breast milk

Lung, liver, colon and other tissues et
Bronchoalveolar lavage fluid (BALF) Ve : . .
S * Feces (including meconium

putLB ¢ Urine

PLAN TO AvOID MP CONTAMINATION DURING THE SAMPLE COLLECTION

* Cotton gloves, cotton towels, metal clippers and scalpels, glass container, wooden sticks
etc. avoiding plastic containers

* Prevent contact of the sample with plastic materials along surgery (if there are).

* Negative controls, screening of all materials and procedural blank

* Training of the participants to collect the sample

ISOLATION OF MPs

WET OXIDATION ENZYMATIC DIGESTION DENSITY SEPARATION
 H,0, (+ Fe?*) * Proteinase K and CaCl, * Salt solutions [Cl,Zn,
. KéHz NaOH. HCIO * Enzymatic mixture Corolase® d=1.6—1.8 g/em’]

4 ’ 7089

* HNO,

OPERATIONS INVOLVED IN THE ISOLATION OF MPs

« Dilution, heating, settlement, rising, soaking, dilution, freezing drying, sieving, inchubation
* Filtration and centrifugation

VISUALIZATION AND CHARACTERIZATION OF MPs

LIZATI SPECTROSCOPY GC-MS

Stereomicroscopy
* Fluorescence microscopy

Polarized light microscopy
Optical microscopy

* FTIR-ATR, UFTIR, LDIR imaging | , pouble shot Py-GC-MS
* Raman, pRaman
* SEM-EDX

( CHARACTERISTICS OF THE DETERMINATION OF MPs

* Test such as hot needle test help in the MPs identification
‘K * Spectroscopy can be used independently or combined with optical techniques

Figure 18 A scheme of the different steps and procedures followed in the studies on microplastics and
nanoplastics in human matrices ( Barcelo et al. 2023).
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c. Methods for the Analysis and
Determination of Microplastics and
Nanoplastics in Water

Caldwell et al. (2022) summarised research and
studies generated on multiple facets of the
micro- and nanoplastics field, ranging from size
and shape definitions to detection and
characterisation techniques to generating
reference particles, in order to provide a more
complete understanding of the current strategies
for the analysis of plastic particles. This
information is then used to provide generalized
recommendations for researchers to consider as
they attempt to study plastics in analytically
complex  environments; including  method
validation using reference particles obtained
through the presented creation methods,
encouraging efforts towards method
standardization through the reporting of all
technical details utilized in a study, and providing
analytical pathway recommendations depending
upon the exact knowledge desired and samples
being studied. Table 2 shows a summary of which
techniques can be used to gain information about

various particle properties.

d. Methods for the Analysis and
Determination of Microplastics and
Nanoplastics in Air

Rednikin et al. (2024) critically summarise the

existing body of literature on airborne
microplastics, including their distribution,
identification, and safety assessment. Dong et al.
(2023)  reviewed the current  sample
pretreatment and analytical methods used to
determine microplastics in water, soil, air and
biological matrixes and found many challenges,
especially in the prefreatment of human tissue
samples. The study summarize here the rescaling
methods used to correct the incompatibilities in
data caused by differences in the type of

microplastic and the quality assurance and control
strategies used to obtain more accurate and
comparable results. We recommend frameworks
for research into microplastics in water, soil, air

and biological samples. Micro-Raman

spectrometry and time-of-flight secondary ion
mass spectrometry are considered to be ideal
techniques for the determination of the number
and mass concentrations of microplastics.

e. Methods for the Analysis and
Determination of Microplastics and
Nanoplastics in Soil

Moaller et al. (2020) provided a critical review on

the different published methods for sampling,

extraction, purification, and

identification/quantification of microplastics in
complex environmental matrices, with the main
focus on their applicability for soil samples. It was
concluded that none of the published methods
seems ideally suitable for the analysis of smaller
microplastics in soil samples, but slight
modifications and combinations of methods may
prove promising and need to be explored.

Research Findings on the chemistry of analysis
and determination of microplastics and
nanoplastics in humans, air, water and soil

The summary of the articles on the keywords
based on the links are PubMed link (3829), Taylor
and Francis Online link (6017), ScienceDirect link
(12581), Google Scholar link (51965), Web of
Science link (3282), Elsevier link (8205), Wiley
Online Library link (6564), SpringerLink (7658),
American Chemical Society (ACS) Publications link
(1641), MDPT link (547), Frontiersin link (2188)
and Royal Society of Chemistry (RSC) Publishing
link (1094), which indicates that google scholar
has a lot of articles in it database than other links.
Figure 19 presents the growth of the cumulative
articles on the keywords. In addition,
classification of articles availability based on the
keywords chemistry of micro- and nano-plastics in
soil-water and a bibliometric analysis and a
literature review on chemistry analysis of micro-
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and nano-plastics in humans, air, soil, and water
revealed that chemistry of micro- and nonaplastic
in humans, (20890), soil and sediment of river
(10965), water (19675), air and related
environment such as in (3170).

Further literature on the chemistry of analysis
and determination of microplastics and
nanoplastics in humans, air, water and soil

e Abidin et al. (2024) in innovative solutions for
the removal of emerging microplastics from
water by utilizing advanced techniques, Acarer
(2023) in a review of microplastic removal from
water and  wastewater by membrane
technologies, Akhbarizadeh et al. (2020) in
worldwide bottled water occurrence of
emerging contaminants: a review of the recent
scientific literature, AL Falahi et al. (2022) in
occurrence of pharmaceuticals and personal
care products in domestic wastewater, available
treatment  technologies, and  potential
treatment using constructed wetland: a review
and Albero et al. (2017) in application of matrix
solid-phase dispersion followed by 6C-MS/MS
to the analysis of emerging contaminants in
vegetables.

e Allred et al. (2014) in orthogonal zirconium
diol/C18 liquid chromatography-tandem mass
spectrometry analysis of poly and perfluoroalkyl
substances in landfill leachate, Anger et al.
(2018) in raman microspectroscopy as a tool for
microplastic particle analysis, Arismendi et al.
(2019) in simultaneous determination of
multiresidue  and  multiclass  emerging
contaminants in waters by rotating-disk
sorptive extraction-derivatization-gas
chromatography/mass spectrometry, Arminini
Neto et al. (2024) in the role of membrane
technology in addressing pharmaceutical
pollution in water, Atugoda et al. (2021) in
interactions between microplastics,
pharmaceuticals and personal
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et al., 2022)

Property

Techniques

Size

AFM, SEM, TEM, Optical Tweezers coupled with Raman, DLS, DDLS, Dissecting and
Stereo Microscopy, NMR, NTA, TDA, AFM-IR, MALDI-ToF-MS, Diascopic microscopy,
Dark Field Microscopy, Hyperspectral Imaging, AF4-MALS, Particle- Impact
Electrochemistry, SP-ICP-MS, ToF-SIMS Imaging

Size Distribution

SEM, TEM, Dissecting and Stereo Microscopy, Diascopic microscopy, Dark Field
Microscopy, NTA, TDA, AFM, AFM-IR, AF4-MALS, SP-ICP-MS

Shape

AFM, SEM, TEM, Diascopic microscopy, Dissecting and Stereo Microscopy, Fluorescence
microscopy, AFM-IR, Hyperspectral Imaging, Dark Field Microscopy

3D Visualization

Fluorescence microscopy, AFM, AFM-IR

Surface Characteristics

SEM, AFM, AFM-IR

Chemical Fingerprint

EDS/EDX, FTIR, Raman, SERS, Optical Tweezers coupled with Raman, XPS, NMR, AFM-
IR, Hyperspectral Imaging, Pyr-G6C- MS, TED-GC-MS, MALDI-ToF-MS, SP-ICP-MS,
ToF-SIMS

Colloidal Stability
Concentration

DLS, DDLS NTA, TDA, SP-ICP-MS

Mass Quantitation

DSC, Pyr-6C-MS

Number of Publications

10000(

<Number of Publications

TE.T7A
y = 1E-74¢

© y = 2E-79¢

Number of cumulative publications

o <Number of Publications

» Number of cumulative publications

Years

Figure 19 the growth of the cumulative articles on the keywords
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care products: implications for vector
transport, Aydin et al. (2019) in monitoring the
release of anti-inflammatory and analgesic
pharmaceuticals in the receiving environment,
and Baderna et al. (2011) in a combined approach
to investigate the foxicity of an industrial
landfill's leachate: chemical analyses, risk
assessment and in vitro assays.

Barcel6 et al. (2023) in microplastics: detection
in human samples, cell line studies, and health
impacts, Barroso et al. (2019) in emerging
contaminants in the atmosphere: analysis,
occurrence and future challenges, Basaglia and
Pietrogrande (2012) in optimization of a
SPME/GC/MS method for the simultaneous
determination of pharmaceuticals and personal
care products in waters, Bayabil et al. (2022) in
emerging contaminants in soil and water,
Behmanesh et al. (2023) in sedimentary
abundance and major determinants of river
microplastic contamination in the central arid
part of Iran.

Behr et al. (2010) in  preliminary
characterization of the pharmaceutical content
of municipal solid waste landfill leachate from
three landfills in Maine, Benskin et al. (2012) in
per- and polyfluoroalkyl substances in landfill
leachate: patterns, time trends, and sources,
Beutel et al. (2021) in review of environmental
pollution from the use and disposal of cigarettes
and electronic cigarettes: contaminants,
sources, and impacts, Bhatt et al. (2021) in
microplastic contaminants in the aqueous
environment, fate, toxicity consequences, and
remediation strategies, Bolea et al. (2025) in
release of heavy metals during in vitro fish
gastrointestinal digestion from microplastics
collected at Calabrian coasts, Bossio et al.
(2025) in endocrine toxicity of micro-and
nanoplastics, and advances in detection
techniques for human tissues: a comprehensive
review.

e Brunetti et al. (2024) in examining microplastics
along the calabrian coastline: analysis of key
characteristics and metal contamination, Buck
et al. (2021) in identification and classification
of commercially relevant per- and poly-
fluoroalkyl substances (PFAS), Busch et al.
(2010) in polyfluoroalkyl compounds in landfill
leachates, Cahuas et al. (2022) in paints: a
source of volatile PFAS in air—potential
implications for inhalation exposure, Caldwell et
al. (2022) in the micro-, submicron-, and
nanoplastic hunt: a review of detection methods
for plastic particles, and Campanale et al.
(2020) in a detailed review study on potential
effects of microplastics and additives of
concern on human health.

e Cao and Ng (2021) in absorption, distribution,
and toxicity of per- and polyfluoroalkyl
substances (PFAS) in the brain: a review,
Capozzi et al. (2023) in PFAS in municipal
landfill leachate: occurrence, transformation,
and sources, Cara et al. (2022) in
bioaccumulation and trophic transfer of
perfluorinated alkyl substances (PFAS) in
marine biota from the Belgian North Sea:
distribution and human health risk implications,
Carneiro et al. (2024) in anaerobic co-metabolic
biodegradation of pharmaceuticals and personal
care products driven by glycerol fermentation,
Cen et al. (2025) in tailoring mesoporous Y-
zeolite molecular sieve for effective removal of
micropollutants from water, and Chafi et al.
(2022) in occurrence and distribution of
endocrine disrupting chemicals and
pharmaceuticals in the river Bouregreg (Rabat,
Morocco).

o Chakraborty et al. (2023) in pharmaceuticals
and personal care products as emerging
environmental contaminants: prevalence,
toxicity, and remedial approaches, Chamanee et
al. (2024) in occurrence and abundance of
microplastics and plasticizers in landfill
leachate from open dumpsites in Sri Lanka, Chen
et al. (2025) in influence of landfill leachate
microenvironment on the occurrence of
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microplastics: TOC changes are the main driving
factor, Chen et al. (2023) in evaluation of per-
and polyfluoroalkyl substances (PFAS) in
leachate, gas condensate, stormwater and
groundwater at landfills, Chen et al. (2022) in
concentrations  of perfluoroalkyl  and
polyfluoroalkyl substances before and after
full-scale landfill leachate treatment, Cheng et
al. (2021) in highly enhanced biodegradation of
pharmaceutical and personal care products in a
novel tidal flow constructed wetland with baffle
and plants, Chia et al. (2023) in a comparative
study of soil microplastic pollution sources: a
review, and Chung et al. (2018) in select
antibiotics in leachate from closed and active
landfills exceed thresholds for antibiotic
resistance development.

Cibati et al. (2022) in wunravelling the
performance of UV/H202 on the removal of
pharmaceuticals in real industrial, hospital, grey
and urban wastewaters, Clarke et al. (2015) in
investigating landfill leachate as a source of
trace organic pollutants, da Costa et al. (2018)
in microplastics in soils: assessment, analytics
and risks, Dirtu et al. (2012) in analytical
methods for selected emerging contaminants in
human matrices—a review, Dong et al. (2023) in
overview of analytical methods for the
determination of microplastics: current status
and trends, Dragon et al. (2023) in
perfluoroalkyl substances (PFAS) affect
inflammation in lung cells and tissues, Eeso et al.
(2023) in  degradation of per- and
polyfluoroalkyl substances in landfill leachate
by a thin-water-film nonthermal plasma reactor,
Eggen et al. (2010) in municipal landfill
leachates: a significant source for new and
emerging pollutants.

Ewadh et al. (2018) in the effect of
pharmaceuticals and personal care products
(PPCPs) on human embryonic kidney (HEK 293)
cells proliferation, Fang et al. (2024) in stability
and biotransformation of 6: 2 fluorotelomer
sulfonic acid, sulfonamide amine oxide, and

sulfonamide alkylbetaine in aerobic sludge,
Favreau et al. (2017) in multianalyte profiling of
per- and polyfluoroalkyl substances (PFASs) in
liquid commercial products, Feng et al. (2024) in
suspect, nontarget screening, and tfoxicity
prediction of per- and polyfluoroalkyl
substances in the landfill leachate, Fenti et al.
(2022) in performance testing of mesh anodes
for in situ electrochemical oxidation of PFAS,
Fuertes et al. (2017) in perfluorinated alkyl
substances (PFASs) in northern Spain municipal
solid waste landfill leachates.

Gallen et al. (2017) in Australia-wide
assessment of perfluoroalkyl substances
(PFASSs) in landfill leachates, Gallen et al. (2016)
in occurrence and distribution of brominated
flame retardants and perfluoroalkyl substances
in Australian landfill leachate and biosolids, Gan
et al. (2023) in environmental microplastics:
classification, sources, fates, and effects on
plants, Gao et al. (2022) in removal of
microplastics in water: technology progress and
green strategies, Garrido et al. (2024) in
degradation of pharmaceutical pollutants in
different soils by photocatalytic treatment
under solar irradiation, Ghosh et al. (2023) in
microplastics as an emerging threat to the
global environment and human health, Gliige et
al. (2020) in an overview of the uses of per- and
polyfluoroalkyl substances (PFAS), Golwala et
al. (2021) in solid waste: an overlooked source of
microplastics to the environment, Gorrasi and
Pantani (2017) in hydrolysis and biodegradation
of poly(lactic acid), Goukeh et al. (2023) in
measurement of fluorotelomer alcohols based
on solid phase microextraction followed by gas
chromatography-mass spectrometry and its
application in solid waste study.

Goukeh and Alamdari (2024) in removal of
contaminants in stormwater via subsurface-flow
wetlands: a review with focus on nutrients,
heavy metals, and PFAS, Hamid et al. (2020) in
aerobic biotransformation of fluorotelomer
compounds in landfill leachate-sediment, He et
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al. (2018) in microplastics in soils: analytical
methods,  pollution  characteristics  and
ecological risks, He et al. (2019) in municipal
solid waste (MSW) landfill: a source of
microplastics? -evidence of microplastics in
landfill leachate, Helmer et al. (2022) in per-
and polyfluorinated alkyl substances (PFAS)
cycling within Michigan: contaminated sites,
landfills and wastewater treatment plants,
Hepburn et al. (2019) in contamination of
groundwater with per- and polyfluoroalkyl
substances (PFAS) from legacy landfills in an
urban re-development precinct, Houtz and
Sedlak (2012) in oxidative conversion as a means
of detecting precursors to perfluoroalkyl acids
in urban runoff.

Huang and Jaff’e (2019) in defluorination of
perfluorooctanoic acid (PFOA) and
perfluorooctane  sulfonate  (PFOS) by
acidimicrobium sp. strain A6, Huimin et al.
(2024) in aging and adsorption of polypropylene
microplastics: key factors, models, and pca-
derived insights, Huset et al. (2011) in
quantitative determination of fluorochemicals
in municipal landfill leachates, Inam et al. (2015)
in assessment of the occurrence and risks of
emerging organic pollutants (EOPs) in Ikpa River
Basin freshwater ecosystem, Niger Delta-
Nigeria, Issaka et al. (2022) in advanced
catalytic ozonation for degradation of
pharmaceutical pollutants-a review, Ivleva
(2021) in chemical analysis of microplastics and
nanoplastics: challenges, advanced methods, and
perspectives, Jeong et al. (2022) in occurrence
and contamination profile of legacy and
emerging per- and polyfluoroalkyl substances
(PFAS) in Belgian wastewater using target,
suspect and non-target screening approaches.

Jiang et al. (2019) in microplastic pollution in
the rivers of the Tibet Plateau, Kamendulis et
al. (2022) in exposure to perfluorooctanoic acid
leads to promotion of pancreatic cancer,
Kameoka et al. (2022) in ivestigation of
perfluoroalkyl carboxylic and sulfonic acids in

leachates from industrial and municipal solid
waste landfills, and their treated waters and
effluents from their closest leachate
treatment plants, Kan et al. (2023) in screening
of indicator pharmaceuticals and personal care
products in landfill leachates: a case study in
Shanghai, China, Kapelewska et al. (2018) in
occurrence, removal, mass loading and
environmental risk assessment of emerging
organic contaminants in leachates,
groundwaters and wastewaters.

Khan et al. (2022) in efficient removal of
ibuprofen and ofloxacin pharmaceuticals using
biofilm reactors for hospital wastewater
treatment, Kiendrebeogo et al. (2021) in
treatment of microplastics in water by anodic
oxidation: a case study for polystyrene, Kim et
al. (2014) in 6: 2 fluorotelomer alcohol (6: 2
FTOH) biodegradation by multiple microbial
species  under  different  physiological
conditions, Kim et al. (2012) in indoor and
outdoor poly- and perfluoroalkyl substances
(PFASs) in Korea determined by passive air
sampler, Kristensen et al. (2016) in analgesic
use—prevalence, biomonitoring and endocrine
and reproductive effects.

Kumar et al. (2024) in advancing pharmaceutical
wastewater freatment: a comprehensive review
on application of catalytic membrane reactor-
based hybrid approaches, Kushwaha et al.
(2024) in microplastics pollution in the marine
environment: a review of sources, impacts and
mitigation, Kwon et al. (2014) in biodegradation
of perfluorooctanesulfonate (PFOS) as an
emerging contaminant, Lang et al. (2017) in
national estimate of per- and polyfluoroalkyl
substance (PFAS) release to U.S. Municipal
landfill leachate, Lang et al. (2016) in release of
per- and polyfluoroalkyl substances (PFASs)
from carpet and clothing in model anaerobic
landfill reactors, Langeveld et al. (2023) in
monitoring  organic  micropollutants  in
stormwater runoff with the method of
fingerprinting, Lee et al. (2022) in exposure to
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polystyrene microplastics impairs hippocampus-
dependent learning and memory in mice, Lee et
al. (2024) in a comprehensive review of urban
microplastic pollution sources, environment and
human health impacts, and regulatory efforts,
Lenka et al. (2021) in a review of the
occurrence, transformation, and removal of
poly- and perfluoroalkyl substances (PFAS) in
wastewater freatment plants, Leslie et al.
(2022) in discovery and quantification of plastic
particle pollution in human blood, Lewis et al.
(2020) in rapid degradation of PFAS in aqueous
solutions by reverse vortex flow gliding arc
plasma, Li et al. (2024) in the “"microplastome”-
a holistic perspective o capture the real-world
ecology of microplastics.

Li et al. (2024b) in transport of per-
/polyfluoroalkyl substances from leachate to
groundwater as affected by dissolved organic
matter in landfills, Li et al. (2017) in degradation
of fluorotelomer-based polymers contributes to
the global occurrence of fluorotelomer alcohol
and perfluoroalkyl carboxylates: a combined
dynamic substance flow and environmental fate
modeling analysis, Li et al. (2018) in antibiotics
in water and sediments of rivers and coastal
area of Zhuhai City, Pearl River estuary, south
Ching, Li et al. (2024a) in prenatal exposure to
poly/perfluoroalkyl substances and risk for
congenital heart disease in offspring, Li et al.
(2024c) in experimentally derived partitioning
coefficients of carbamazepine and sulfadiazine
in landfill refuse-leachate phase: effects of
refuse and leachate properties, Liu et al.
(2022¢) in evaluating the efficiency of
nanofiltration and reverse osmosis membrane
processes for the removal of per-and
polyfluoroalkyl substances from water:

A critical review, Liu and Mejia Avendano (2013)
in microbial degradation of polyfluoroalkyl
chemicals in the environment: a review, Liu et al.
(2021a) in microplastics and nanoplastics:
emerging contaminants in food, Liu et al. (2021)
in intferactions between microplastics and heavy

metals in aquatic environments: a review, Liu et
al. (2020) in effects of per- and poly-
fluorinated alkyl substances on pancreatic and
endocrine differentiation of human pluripotent
stem cells, Liu et al. (2022a) in non-target and
target screening of per- and polyfluoroalkyl
substances in landfill leachate and impact on
groundwater in Guangzhou, China, Liu et al.
(2015a) in determination of fluorotelomer
alcohols in selected consumer products and
preliminary investigation of their fate in the
indoor environment, Liu et al. (2024) in per- and
polyfluoroalkyl ~ substances  (PFAS) in
construction and demolition debris (CDD):
discerning sources and fate during waste
management.

Liu et al. (2022b) in municipal solid waste
incineration (MSWTI) ash co-disposal: influence
on per- and polyfluoroalkyl substances (PFAS)
concentration in landfill leachate, Liu et al.
(2015b) in discovery of C 5 -C 17 poly- and
perfluoroalkyl substances in water by In-line
SPE-HPLC-orbitrap with In-source
fragmentation flagging, Liu et al. (2021b) in
from waste collection vehicles to landfills:
indication of per- and polyfluoroalkyl substance
(PFAS) transformation, Loli"c et al. (2015) in
assessment of non-steroidal anti-inflammatory
and analgesic pharmaceuticals in seawaters of
North  of  Portugal:  occurrence  and
environmental risk, Longendyke et al. (2022) in
PFAS fate and destruction mechanisms during
thermal treatment:

A comprehensive review, Lott et al. (2023) in
behavior of per- and polyfluoroalkyl substances
(PFAS) in Pilot-scale vertical flow constructed
wetlands treating landfill leachate, Lu et al.
(2016) in occurrence and treatment efficiency
of pharmaceuticals in landfill leachates,
M’endez et al. (2022) in aerobic
biotransformation of 6:2  fluorotelomer
sulfonate by Dietzia aurantiaca J3 under
sulfur-limiting conditions, Ma et al. (2025a) in
distribution and characteristics of
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microplastics in leachate and underneath soil of
two informal landfills, Ma et al. (2025b) in
unveiling the fruth of interactions between
microplastics and per-and polyfluoroalkyl
substances (PFASs) in wastewater treatment
plants: microplastics as a carrier of PFASs and
beyond, Ma et al. (2024) in evaluation of
commercial nanofiltration and reverse osmosis
membrane filtration to remove per-and
polyfluoroalkyl substances (PFAS): effects of
transmembrane pressures and water matrices.

Mai et al. (2018) in a review of methods for
measuring microplastics in aquatic
environments, Malovanyy et al. (2023) in
comparative study of per- and polyfluoroalkyl
substances (PFAS) removal from landfill
leachate, Marcharla et al. (2024) in
microplastics in marine ecosystems: a
comprehensive review of biological and
ecological implications and its mitigation
approach using nanotechnology for the
sustainable environment, Masoner et al. (2016)
in landfill leachate as a mirror of today's
disposable society: pharmaceuticals and other
contaminants of emerging concern in final
leachate from landfills in the conterminous
United States, Masoner et al. (2014) in
contaminants of emerging concern in fresh
leachate from landfills in the conterminous
United States, Meng et al. (2021) in a review on
analytical methods for pharmaceutical and
personal  care  products and  their
transformation products, Mohammadi et al.
(2022) in occurrence, seasonal distribution, and
ecological risk assessment of microplastics and
phthalate esters in leachates of a landfill site
located near the marine environment: bushehr
port, Iran as a case, Mojiri et al. (2021) in
treatment of landfill leachate with different
techniques:

An overview. J. Water Reuse Desalin, Moller et
al. (2020) in finding microplastics in soils: a
review of analytical methods, Morales-McDevitt
et al. (2021) in the air that we breathe: neutral

and volatile PFAS in indoor air, Mortula et al.
(2021) in leachability of microplastic from
different plastic materials, Muensterman et al.
(2022) iner- and polyfluoroalkyl substances
(PFAS) in facemasks: potential source of Human
exposure to PFAS with implications for disposal
to landfills, Mulkiewicz et al. (2021) in
metabolism of non-steroidal anti-inflammatory
drugs by non-target wild-living organisms, Nika
et al. (2023) in non-target screening of
emerging contaminants in landfills: a review,
Nika et al. (2020) in wide-scope target analysis
of emerging contaminants in landfill leachates
and risk assessment using risk Quotient
methodology, Nikiforov (2021) in hydrolysis of
FTOH precursors, a simple method to account
for some of the unknown PFAS, Nizzetto et al.
(2016) in a theoretical assessment of
microplastic transport in river catchments and
their retention by soils and river sediments.

Nurhasanah et al. (2021) in micro- and
mesoplastics release from the Indonesian
municipal solid waste landfill leachate to the
aquatic environment: case study in Galuga
Landfill Area, Indonesia, OECD, (2022) in
synthesis report on understanding side-chain
fluorinated polymers and their life cycle, OECD
series on risk management, no. 73, environment,
health and safety, environment directorate,
Okine et al. (2023) in an investigation of field
performance of geomembrane-geosynthetic
clay liner landfill bottom lining systems,
Oyekunle et al. (2025) in harnessing adsorption
for efficient and eco-friendly removal of
amoxicillin from wastewater, Paiga et al. (2013)
in pilot monitoring study of ibuprofen in surface
waters of north of Portugal.

Pakdehi et al. (2023) in using analytical
hierarchy process for excess-chlorine risk
assessments in a water distribution network: a
case study, Palacio et al. (2021) in water-soluble
polymers with the ability to remove amoxicillin
as emerging pollutant from water, Parida et al.
(2021) in emerging contaminants in wastewater:
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a critical review on occurrence, existing
legislations, risk assessment, and sustainable
treatment alternatives, Peng et al. (2014) in
occurrence and ecological potential of
pharmaceuticals and personal care products in
groundwater and reservoirs in the vicinity of
municipal landfills in China, Persiani et al. (2023)
in microplastics: a matter of the heart (and
Vascular System), Pinon-Colin et al. (2020) in
microplastics in stormwater runoff in a semiarid
region, Tijuana, Mexico, Podder et al. (2021) in
per and poly- fluoroalkyl substances (PFAS) as
a contaminant of emerging concern in surface
water: a fransboundary review of their
occurrences and toxicity effects, Prata et al.
(2019) in methods for sampling and detection of
microplastics in water and sediment: a critical
review.

Prata et al. (2020) in environmental exposure to
microplastics: an overview on possible human
health effects, Qian et al. (2024) in rapid
single-particle chemical imaging of nanoplastics
by SRS microscopy, Qin et al. (2024) in
identification of microplastics in raw and
treated municipal solid waste landfill leachates
in Hong Kong, China, Rahman et al. (2024) in
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and groundwater of a U.S. metropolitan area:
migration and implications for human exposure,
Xie et al. (2022b) in occurrence, distribution
and risk of pharmaceutical and personal care
products in the Haihe River sediments, Ching,
Xie et al. (2022a) in strategies and challenges
of identifying nanoplastics in environment by
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leachate by a full-scale constructed wetlands
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municipal solid waste landfills in China, Yu and
Singh (2023) in microplastic pollution: threats
and impacts on global marine ecosystems, Yu and
Sui (2023) in editorial overview: emerging
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environment, Yu et al. (2021) in rainfall
influences occurrence of pharmaceutical and

personal care products in landfill leachates:
evidence from seasonal variations and extreme
rainfall episodes, Yu et al. (2023) in estimating
the mass of pharmaceuticals harbored in
municipal solid waste landfills by analyzing
refuse samples at various ages and depths, Yuan
et al. (2020) in rapid photochemical
decomposition of perfluorooctancic  acid
mediated by a comprehensive effect of nitrogen
dioxide radicals and Fe3+/Fe2+ redox cycle,
Zakari-Jiya et al. (2022) in pharmaceutical and
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systematic review on applications of biochar and
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adsorbents for sustainable remediation of
antibiotics from pharmaceutical wastewater,

Zhang et al. (2023b) in relationships between
per- and polyfluoroalkyl substances (PFAS) and
physical-chemical parameters in aqueous landfill
samples, Zhang et al. (2024a) in comparison of
the PFAS and physical-chemical parameter
fluctuations between an ash landfill and a MSW
landfill, Zhang et al. (2023c) in impacts of
garbage classification and disposal on the
occurrence of pharmaceutical and personal care
products in municipal solid waste leachates: a
case study in Shanghai, Zhang et al. (2024c) in
tracing residual patterns and microbial
communities of pharmaceuticals and personal
care products from 17 urban landfills leachate
in China, Zhang et al. (2021c) in occurrence and
removal of microplastics from wastewater
treatment plants in a typical tourist city in

China, Zhang et al. (2024b) in new insights into
microplastic contamination in different types of
leachates: abundances, characteristics, and
potential sources, Zhang et al. (2021a) in
biotransformation of  perfluoroalkyl acid
precursors from various environmental systems:
advances and perspectives, Zhang et al. (2022)
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antibodies: a systematic review and meta-
analysis based on epidemiological studies, Zhang
et al. (2023a) in association of per- and
polyfluoroalkyl substance exposure with fatty
liver disease risk in US adults, Zhang et al.
(2021b) in  distribution and  removal
characteristics of microplastics in different
processes of the leachate treatment system,
Zhao et al. (2022) in separation and
characterization of microplastic and nanoplastic
particles in marine environment, Zhou et al.
(2024) in photocatalysis toward microplastics
conversion: a critical review, Ziylan-Yavas et al.
(2022) in pharmaceuticals and personal care
products (PPCPs): environmental and public
health risks,

CONCLUSION
It can be concluded that techniques can be used
to gain information about various plastics
particle properties are as follows:

e Size: Particle- Impact Electrochemistry,
Dark Field Microscopy, Hyperspectral
Imaging, and Diascopic microscopy

e Size Distribution: Dissecting and Stereo
Microscopy, Diascopic microscopy, Dark
Field Microscopy,

e Shape:, Diascopic microscopy, Dissecting
and Stereo Microscopy, Fluorescence
microscopy, AFM-IR, Hyperspectral
Imaging, Dark Field Microscopy,

e 3D Visualization Fluorescence
microscopy, AFM, AFM-IR,

e Surface Characteristics: SEM, AFM,
AFM-IR and

e Chemical Fingerprint: EDS/EDX, FTIR,
Raman, SERS, Optical Tweezers coupled
with Raman, XPS, NMR, AFM-IR,
Hyperspectral Imaging, Pyr-GC- MS,
TED-GC-MS, MALDI-ToF-MS, SP-ICP-
MS, ToF-SIMS..
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