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Abstract 
The spread of microplastics has become a major environmental issue in recent years 
with potentially devastating impacts on ecosystems and human health. While 
considerable focus has been on the visible effects of microplastic pollution but their 
presence and influence within laboratory environments have been less understood. 
This review examines the sources and routes of microplastic contamination in 
laboratory settings, emphasizing their intentional and unintentional introduction 
through laboratory equipment, materials, and environmental exposure. This paper 
assesses the potential impacts of microplastic contamination on cellular well-being 
including implications for experimental outcomes and research methodologies. This 
paper further investigates the challenges in detecting and preventing microplastic 
contamination in the laboratory, underscoring the need for standardized procedures 
and advanced detection techniques. By synthesizing current literature this study 
provides a comprehensive analysis of the risks posed by microplastics in laboratory 
environments and suggests strategies to mitigate their influence on scientific research.  

Keywords: Microplastic, Laboratory, Standardization Protocols, 
Environmental Contamination, Cellular Health.

Introduction 

Microplastics are widespread pollutants found in the 
environment and are defined as plastic particles smaller than 
five millimeters in size, have spread across the entire planet, 
posing a widespread challenge to environmental sustainability 
(da Costa et al. 2017). They come from various sources such 
as the breakdown of larger plastic waste, microbeads in 
personal care products, and synthetic textile fibers (Hale et al. 
2020). These tiny pollutants have become deeply embedded in 
modern life and can be found in various ecosystems including 
marine environments, freshwater systems (Campanale et al. 
2020), soil (Rillig et al. 2017), air (Prata, 2018), and organisms 
(Rezania et al. 2018) throughout the biological spectrum 

(Gavrilescu et al. 2015). 
Microplastic's extensive presence highlights the pressing 

requirement for an in-depth understanding and measures to 
reduce its impact. Investigations into their presence within 
laboratory environments have garnered substantial interest 
and far-reaching implications beyond just contamination. 
Whether introduced through laboratory equipment, supplies, or 
environmental factors, microplastics do not merely remain 
passive within the lab setting. Instead, they can actively 
interact with experimental systems, particularly in cell-based 
assays, where their influence may alter cellular responses and 
jeopardize the reliability of scientific findings (Jones et al. 
2024). 

Emerging research has revealed diverse sources of 
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microplastic contamination in laboratory settings, ranging from 
airborne particles to water and consumable materials. This 
contamination may originate from the utilization of plastic 
labware, which has demonstrated superior performance 
compared to glassware in specific applications, yet still 
introduces microplastic pollutants (Mills et al. 2023). Notably, a 
recent study has underscored that any experimental activities 
inherently introduce microplastic and nanoplastic 
contaminants, underscoring the critical need for robust quality 
control measures to ensure the reliability of research outcomes 
in this field. Furthermore, biological safety cabinets have failed 
to substantially mitigate contamination levels, suggesting that 
microplastic presence is an inherent challenge within 
laboratory settings (Jones et al. 2024). 

Microplastic contaminants can undermine the validity of 
laboratory findings. Their presence can bias the results of 
toxicological studies and other experimental investigations. For 
instance, a review of in vivo studies using laboratory rodents 
revealed a marked disparity between the concentrations of 
microplastics administered in experiments and those detected 
in natural environments, emphasizing the need for more 
ecologically representative studies. This discrepancy implies 
that the effects observed in controlled laboratory settings may 
not accurately reflect real-world scenarios, thereby 
complicating our understanding of the health impacts of 
microplastics (Mills et al. 2023). 

Microplastic's interaction with experimental systems, 
particularly in cell-based studies, may alter cellular behavior 
and compromise the integrity of scientific research. 
Comprehending how microplastics can affect cellular health is 
crucial, as even minute quantities can lead to significant 
changes in cell viability, function, and experimental outcomes 
(Jones et al. 2024). This cellular interaction with microplastics 
is not only relevant for laboratory settings but also reflect 
broader environmental and health implications. Understanding 
the mechanisms of microplastic uptake by cells can provide 
insights into their potential impacts on human health and 
ecological systems, as analogous processes may occur in 
natural environments. Addressing microplastic contamination in 
laboratories is thus crucial, as it serves as a microcosm for 
larger environmental concerns, rendering the discussion 
pertinent to both the scientific community and public health 
stakeholders (Ali et al. 2024). This connection underscores the 
necessity for a more in-depth investigation into the biological 
ramifications of microplastic contamination within laboratory 
settings, linking environmental concerns with the fundamental 
aspects of biomedical research (Jones et al. 2024). 

An especially noteworthy area of investigation revolves 
around the interaction between microplastics and cellular 
membranes, which play a critical role in maintaining biological 
integrity (Wang et al. 2022). Due to their minute size and 
chemical makeup, microplastics have an unusual ability to 
attract and accumulate harmful substances from the 
surrounding environment (Huang et al. 2021). When 
consumed by living organisms, these particles can interfere 
with the integrity of cellular membranes, impacting vital 

cellular processes like nutrient absorption, waste removal, and 
cell communication pathways. This disruption at the cellular 
membrane level can trigger widespread effects on biological 
functions, potentially causing far-reaching impacts at both 
individual organism and ecosystem levels (Yin et al. 2021). 

Recent research has uncovered the complex ways in which 
microplastics cause harm within cells. Advanced imaging 
techniques have shown that these tiny particles are located 
inside cell organelles like lysosomes and mitochondria. This 
internal localization not only interferes with organelle 
operations but also induces cellular stress reactions, such as 
oxidative stress and inflammation (Kadac-Czapska et al. 2024). 
The combined effect of these disruptions can lead to various 
negative health effects, from lowered reproductive capability to 
impaired immune function in affected organisms (Sharifinia et 
al. 2020). 

Additionally, new findings indicate that microplastics may 
disrupt cellular metabolism by affecting energy production 
pathways and changing essential biochemical processes for 
maintaining cellular balance (Cheng et al. 2022; Goodman et 
al. 2022; Ye et al. 2021). Research has shown alterations in 
gene expression patterns and metabolic profiles in organisms 
exposed to microplastics, underscoring the intricate nature of 
their impact on cellular functions. The repercussions of these 
metabolic disturbances can be extensive, impacting the 
growth, development, and general fitness of affected 
organisms (Kazmi et al. 2024). 

Microplastic pollution extends beyond the scope of 
individual cells and presents wider ecological issues, such as 
changes in food chains, ecosystem functions, and natural 
cycles (Hale et al. 2020; Kumar et al. 2021). Microplastics can 
build up in higher trophic levels through processes of 
bioaccumulation and biomagnification, endangering predators 
and eventually affecting entire ecosystems (Huang et al. 2021; 
Alava, 2020). Moreover, the movement of microplastics 
through the air (Enyoh et al. 2019; O'Brien et al. 2023) and 
water currents enables them to disperse over long distances 
globally, increasing their environmental impact and 
complicating efforts to control them (He et al. 2021; Cai et al. 
2021). The objectives of our review are to investigate the 
sources and pathways of microplastic contamination in 
laboratory environments, and to assess the impact of 
microplastics on cellular health and the implications for 
laboratory research and methodologies, and to explore 
challenges and strategies in detecting, preventing, and 
standardizing microplastic contamination in laboratory settings. 

Microplastic contamination in the laboratory 

Laboratory instruments and supplies are essential for 
conducting experimental studies, but they also carry the risk of 
microplastic contamination. Plastic components commonly 
found in laboratories can release tiny plastic particles through 
abrasion, leaching, and degradation. Typical consumables like 
pipette tips, culture dishes, flasks, and tubes are frequently 
made from plastic polymers, increasing the likelihood of 
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microplastic emission during various stages of handling and 
use (Tan et al. 2022). Microplastic contaminants are 
introduced during the production process, and standard 
laboratory practices like washing, autoclaving, and sterilization 
can potentially worsen particle shedding. Furthermore, the 
repeated utilization and cleaning of plastic equipment can 
result in wear and tear, thereby increasing the possibility of 
microplastic contamination (Freeland et al. 2022). 

Environmental introduction of microplastics  

Besides the laboratory ware, environmental factors play a 
crucial role in the presence of microplastic contamination. For 
example, microplastics in the air, which come from sources 
such as outdoor pollution, industrial processes, and indoor 
settings, can enter laboratory spaces through ventilation 
systems, open windows, and human actions (Kacprzak and 
Tijing, 2022; Bhat, 2023; Chen et al. 2022). Additionally, water 
sources utilized for preparing media, cleaning glassware, and 
conducting lab procedures may harbor microplastic particles 
stemming from public water sources, plumbing systems, or 
contamination during storage and transportation. Furthermore, 
plastic containers and tools for laboratory activities like storing, 
cleaning, and personal hygiene may inadvertently add to the 
problem of microplastic contamination in laboratory settings 
(Wesch et al. 2016; Brander et al. 2020). 

Methodological introduction of microplastics 

Controlled laboratory experiments are commonly employed to 
investigate the environmental impact, biological effects, and 
potential mitigation strategies of microplastics. This intentional 
introduction of microplastics allows researchers to simulate 
real-world conditions and assess their interactions with various 
biological and ecological systems. 

Experimental approaches 

Laboratories may utilize specific types and concentrations of 
microplastics to evaluate their effects on organisms, such as 
fish or invertebrates. This helps elucidate the toxicological 

impacts and potential for bioaccumulation of microplastics in 
marine and freshwater environments (Cowger et al. 2020; 
Jones et al. 2024). 

Methodological standardization: 

The development of standardized protocols for the introduction 
and analysis of microplastics is crucial. These protocols often 
include detailed procedures for the preparation of microplastic 
samples, including size fractionation and characterization 
techniques like Fourier-transform infrared spectroscopy and 
Raman spectroscopy. Such standardization promotes 
reproducibility and comparability of results across different 
studies (Masura et al. 2015; Prata et al. 2019). 

Quality assurance and control 

To maintain the integrity of experiments, strict quality 
assurance and control measures are implemented. This 
includes the use of procedural blanks to quantify 
contamination levels and ensure accurate measurement and 
reporting of microplastic introduction (Campanale et al. 2020; 
Jones et al. 2024). 

Microplastic implications in laboratory settings 

Microplastics impact on cellular health 

Cellular models serve as a fundamental tool in a wide range of 
biomedical research, encompassing areas such as drug 
development and toxicity testing. Any factor that influences 
cellular behavior or health can significantly impact the 
outcomes of these studies. Microplastics, even in minute 
amounts, can interact with cells in ways that may not be 
immediately apparent, yet have the potential to alter crucial 
cellular functions, including gene expression, protein synthesis, 
and cell signaling (Cassano et al. 2023). These changes can 
lead to inaccurate data and erroneous conclusions if not 
properly accounted for. Within laboratory environments, 
microplastic contamination can act as an unintended variable 
that may interfere with cellular processes. Without a thorough 
understanding of this interaction, researchers may incorrectly 
attribute changes in cellular health to other experimental 
factors. Disregarding the potential effects of microplastics on 
cellular health could undermine the reliability of experimental 
results, thereby compromising the integrity of the research 
(Prinz and Korez, 2020). Recognizing and comprehending how 
microplastics affect cellular health is crucial for designing 
experiments that can effectively control or eliminate these 
effects. This understanding also aids in the proper 
interpretation of results, ensuring that the observed outcomes 
are genuinely due to the intended experimental conditions 
rather than unintended contamination (Jones et al. 2024). 
Given the pivotal role of reproducibility in scientific research, 
acknowledging and accounting for the effects of microplastics 
on cellular health is essential for generating consistent and 

Figure 1: Microplastic sources in laboratory settings. 
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reliable results across different laboratories and studies. 

Cellular uptake and accumulation 

Microplastics can be internalized by cells through various 
mechanisms, primarily endocytosis, where cells engulf particles 
from their surrounding environment (Huang et al. 2022). 
Research has demonstrated that the uptake of microplastics is 
size-dependent, with smaller particles typically exhibiting 
higher rates of cellular internalization. For instance, 
polystyrene microplastics with a 1 μm diameter have shown 
substantial internalization in diverse cell types, with the 
percentage of cells containing these particles increasing over 
time with prolonged exposure. At a concentration of 5 μg/mL, 
approximately 39% of cells were found to have internalized 
microplastics after 24 hours, which then increased to around 
64% after 72 hours. In contrast, at a higher concentration of 
100 μg/mL, approximately 91% of cells had internalized 
microplastics within the first 24 hours, indicating a rapid 
uptake at elevated concentrations (Goodman et al. 2022). 

Factors influencing cellular uptake 

Cells' uptake of microplastics is affected by various factors, 
including the properties of the particles, the types of cells 
involved, and the surrounding environmental conditions. For 
example, particle size plays a crucial role in determining how 
effectively and through what method microplastics are taken 
up by cells. Phagocytic cells have an easier time engulfing 
larger microplastic particles while smaller ones may be 
internalized through pinocytosis or passive diffusion (Caputo et 
al. 2021). Moreover, particle shape, surface charge, and 
surface chemistry also impact cellular interactions and uptake 
rates, with hydrophobic particles tend to adhere more to cell 
membranes and have higher rates of internalization (Stock et 
al. 2022).  

Cell type specificity also determines the likelihood of taking in 
microplastics, with immune cells like macrophages, dendritic 
cells, and neutrophils showing greater ability to consume 
compared to non-immune cells. Nonetheless, recent research 
has shown that different cell types such as epithelial cells, 
endothelial cells, and neuronal cells can internalize 
microplastics through endocytic processes, although the extent 
may vary (Rio et al. 2024; Prado et al. 2023). 

Environmental conditions such as temperature, pH, and the 
composition of the extracellular matrix can impact how cells 
take in and move microplastics inside them. For example, 
acidic pH levels in lysosomes could speed up the breakdown of 
engulfed microplastics, while changes in membrane flexibility 
and lipid makeup can affect passive diffusion rates (Asmonaite, 
2019). Additionally, the presence of serum proteins, 
substances secreted by cells, and components of the 
surrounding matrix may either encourage or hinder 
microplastic uptake by influencing interactions on cell surfaces 
and signaling pathways. 

Moreover, the physical and chemical characteristics of 
microplastics like surface modifications, polymer structure, and 
absorbed pollutants play a role in cellular reactions and 
harmful effects (Shi et al. 2022). Microplastics covered with 
biofilms or communities of microbes might have different 
interactions with cells that result in enhanced clinging to cells, 
internalization into them, or immune system activation (Lehel 
and Murphy, 2021; Gupta et al. 2024). On the other hand, 
microplastics combined with toxic contaminants or chemicals 
that disrupt hormones could trigger stress responses within 
cells, cause oxidative harm, and set off inflammatory processes 
which would then compromise cell life span and functionality 
(Kadac-Czapska et al. 2024).

 
Figure 2: Impacts of microplastics on cellular health 
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Cellular response to microplastics 

Microplastics impact gene expression, signaling pathways, and 
crucial cellular functions. They have been demonstrated to 
influence the way genes are expressed and how signaling 
pathways operate in various types of cells, causing changes in 
cellular reactions and bodily processes. When exposed to 
microplastics, cells undergo a reorganization of their 
transcriptional activity, bringing about modifications in the 
expression of genes related to inflammation, oxidative stress, 
DNA repair, and regulation of the cell cycle (Sun et al. 2021; 
Wang et al. 2022).  

One regular cellular response to microplastic exposure is 
the activation of pro-inflammatory signaling pathways, such as 
nuclear factor-kappa B (NF-κB) and mitogen-activated protein 
kinases (MAPKs). In response to environmental pressures, 
these pathways are essential for coordinating immune 
responses, cytokine generation, and tissue remodeling (Qi et al. 
2021). Microplastics induce the production of pro-inflammatory 
cytokines, chemokines, and adhesion molecules which then 
lead to the start and spread of inflammatory sequences within 
impacted tissues (Pechiappan, 2021; Del Piano et al. 2023).  

In addition, microplastics can disturb DNA repair 
mechanisms, telomere maintenance, and epigenetic regulation, 
causing genomic instability and irregular gene expression 
profiles. This interference with DNA integrity and chromosomal 
stability caused by microplastics can lead to an increase in 
genetic mutations and cellular transformation, which may 
ultimately increase the risk of carcinogenesis and malignant 
cell changes. Microplastics not only impact gene expression 
and signaling pathways but also have significant effects on 
crucial cellular processes such as proliferation, apoptosis, and 
differentiation. The disturbance of these functions leads to 
cellular dysfunction, tissue injury, and the development of 
diseases (Bucaite et al. 2023).  

Microplastics influence cellular proliferation by changing the 
progression of cell cycles, DNA replication, and dynamics of 
mitotic spindles. Depending on the specific traits of the 
particles and the surrounding cellular environment, 
microplastics may prompt either increased or decreased cell 
growth effects, resulting in disrupted tissue homeostasis (Gao 
et al. 2021). Apoptosis, also known as programmed cell death, 
plays a crucial role in removing defective or irregular cells to 
preserve tissue health and balance. Research suggests that 
microplastics may interfere with the normal regulation of 
apoptotic processes, impacting the survival or elimination of 
cells. This influence on the expression of genes can disturb the 
equilibrium between cell survival and demise, potentially 
leading to tissue dysfunction and various diseases like 
neurodegenerative conditions, cardiovascular disorders, and 
cancer (Lu et al. 2024; Pluciennik et al. 2024). In conclusion, 
comprehensively investigating microplastic contamination in 
laboratory environments necessitates considering the cellular 
health perspective, as it offers a holistic understanding of how 
these particles may impact experimental outcomes at the most 
fundamental level. The implications of microplastics extend 

beyond the physical environment, permeating the underlying 
biological systems. By addressing cellular health, one can 
consider both the direct and indirect ramifications of 
microplastic contamination, which is crucial for devising 
effective mitigation strategies. 

Impact on experimental validity 

The presence of microplastics in laboratory settings can 
significantly compromise the experimental validity. 
Microplastics can introduce unaccounted variables, leading to 
skewed results, particularly in sensitive assays such as toxicity 
testing and drug efficacy studies. For example, a study 
demonstrated that contamination from common laboratory 
procedures, including the use of unburnt glassware and water 
sources, can introduce microplastics into samples, potentially 
altering the conclusions drawn from experiments (Aminah and 
Ikejima, 2023). Researchers have also found that microplastics 
present in laboratory air and dust could affect cellular 
responses, resulting in misinterpretation of the effects of 
tested substances. This emphasizes the necessity for 
researchers to consider microplastic contamination as a critical 
factor in their experimental designs and analyses (Jones et al. 
2024).  

Challenges in reproducibility 

The presence of microplastics in laboratory environments 
poses a significant threat to the reproducibility of scientific 
experiments, which is a fundamental principle of credible 
research. Varied sampling methodologies across laboratories, 
such as the use of nets with different mesh sizes, can lead to 
discrepancies in measured microplastic levels. This size-
selective nature of sampling techniques may result in the 
under- or over-estimation of microplastic abundance, 
consequently skewing the comparability of findings across 
studies (Weis and Palmquist, 2021). The analytical methods 
utilized by different laboratories to identify and enumerate 
microplastics can vary considerably. For example, some 
laboratories may rely on optical microscopy, while others 
employ more sophisticated techniques such as micro-Raman 
spectroscopy or scanning electron microscopy. This 
methodological heterogeneity can result in divergent 
determinations of microplastic types and abundances, 
ultimately affecting the overall conclusions derived from multi-
institutional studies (Bhat, 2024; Cormier et al. 2019). 
Additionally, fluctuations in microplastic contamination levels 
over time, driven by factors such as changes in plastic usage 
and waste management practices, can pose challenges for 
long-term studies. Failure to account for these temporal 
variations may result in inconsistent findings, hindering the 
accurate assessment of long-term trends. For example, a 
multi-year investigation may encounter dynamic contamination 
levels, complicating the analysis of long-term patterns and 
developments (Ziani et al. 2023). Variation in background 
contaminants associated with microplastics across different 
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studies can contribute to inconsistent findings. For instance, if 
microplastic samples from one laboratory are contaminated 
with pollutants such as oxybenzone or benzopyrene, while 
samples from another laboratory are not, the resulting data on 
toxicity and environmental impacts could differ significantly. 
This variability in contaminant profiles would lead to disparities 
in the conclusions drawn from these studies (Cormier et al. 
2019). 

Impact on methodological design 

Microplastic identification and quantification can be hindered 
by contamination, complicating the differentiation between 
environmental and laboratory-derived samples. This challenge 
requires the implementation of robust control measures and 
meticulous methodological approaches to maintain data 
reliability (Loder and Gerdts, 2015) Researchers must 
increasingly implement new control measures or redesign 
studies to account for or mitigate the effects of microplastic 
interference. For example, it is recommended that laboratories 
employ microplastic-free consumables and establish rigorous 
contamination control procedures, such as conducting 
experiments in clean rooms or utilizing biological safety 
cabinets (Campanale et al. 2020). Furthermore, researchers 
may need to incorporate contamination as an experimental 
variable, enabling a more accurate assessment of the 
phenomena under investigation. This proactive approach is 
crucial for preserving the integrity and reliability of research 
findings.  

Considerations for data interpretation 

Microplastic contamination can complicate the interpretation of 
experimental data, as it has the potential to influence cellular 
responses and overall experimental outcomes. Failure to 
account for the effects of microplastics may lead researchers 
to incorrectly attribute observed effects to other experimental 
factors, resulting in inaccurate conclusions (Jones et al. 2024). 
For instance, a study has demonstrated that microplastics can 
interfere with the biological reactions of cells, which could be 
mistakenly attributed to the primary variables under 
investigation if the issue of contamination is not acknowledged 
(Aminah and Ikejima, 2023). Therefore, researchers must 
recognize and properly address potential microplastic 
contamination when analyzing their data, to ensure that their 
interpretations accurately reflect the true experimental 
conditions.  

Long-term implications for biomedical research 

The widespread presence of microplastics in laboratory 
settings can have profound implications for biomedical 
research. Ongoing contamination issues may undermine trust 
in research findings, impeding scientific advancement and 
necessitating more rigorous regulations and oversight in 
laboratory environments. As awareness of microplastic 

pollution increases, researchers may face heightened scrutiny 
regarding the integrity of their results, particularly in fields 
such as toxicology and pharmacology where microplastics 
could significantly influence experimental outcomes (Aminah 
and Ikejima, 2023). Future research should prioritize the 
development of standardized protocols for contamination 
control, the enhancement of detection methods, and the 
further investigation of microplastics' effects on biological 
systems to fully comprehend their impact within laboratory 
settings. 
WAKs control a variety of pathogen hosts, including race-
specific, extracellular and intracellular and pathogen attack on 
single and multiple plant species (Stephens et al. 2022).  In 
Arabidopsis, the AtWAK1 gene enhanced resistance to Botrytis 
cinerea, confirming their role in plant immunity. AtWAKL22-
RFO1 is required for resistance against Fusarium oxysporum 1 
(RFO1). WAKL22-ROF1 activates the Mitogen-Activated Protein 
Kinase (MAPK) signaling cascade and senses pectin 
methylation, providing early defense against the pathogen 
(Huerta et al., 2023).  

Race-specific resistance to Leptosphaeria maculans and 
Zymoseptoria tritici is conferred by WAKL genes Rlm9 and Stb6 
in Brassica and wheat, respectively (Larkan et al., 2020; 
Saintenac et al., 2018). Xanthomonas oryzae (Xoo) is managed 
by a race-specific, durable resistance WAK gene, Xa4, which 
modulates the CesA expression to facilitate cellulose 
biosynthesis and provide resistance against Xoo, and is also 
involved in cell wall enforcement (Hu et al. 2017). For chitin-
induced responses, GhWAK7A interacts with chitin receptors 
and activates a signaling system against Verticillium dahliae 
(Vd) and Fusarium oxysporum in cotton (Wang et al. 2020). 
Additionally, GhWAK7 is not involved in oligogalacturonides 
(OG) responses, as it does not affect MAPK activation or ROS 
production.  

In maize (Zea mays), early studies identified different Ht 
loci (Ht1, Ht2 and Ht3), with the Htn1 gene providing 
resistance against northern corn leaf blight (NCLB). It was later 
found to encode a WAK-associated protein (ZmWAK-RLK1), 
which is involved in delayed lesion formation of NCLB (Yang et 
al. 2021). Another gene ZmWAK/qHSR1, highly expressed in 
the maize mesocotyl, confers quantitative resistance against 
head smut by promoting the salicylic acid pathway (Zuo et al. 
2015). WAKs that confer disease resistance through cell wall 
modification also modifies composition of the cell wall as an 
additional role, with an increase in strength of cell wall to 
prevent pathogen penetration during disease occurrence. 
ZmWAK/qHSR1 is involved in cell turgor regulation and 
osmotic stress tolerance, which promotes cell growth, 
whereas, in rice, Xa-mediated resistance to Xoo increases the 
expression of CesA genes, leading to increased mechanical 
strength. 

Managing microplastic contamination in 
laboratories: detection, prevention, and 
standardization 
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Microplastic contamination detection 

As the universality of microplastic contamination increases, 
precise and authentic detection methods are crucial for 
comprehending its impact on the environment and lessening 
its consequences.  

Detection techniques 

Microscopic Techniques: Microscopic techniques, such as 
optical, scanning electron, and transmission electron 
microscopy, have been essential for detecting and 
characterizing microplastics. These methods provide detailed 
visual information on microplastic dimensions, structure, and 
surface properties (Kalaronis et al. 2022; Fu et al. 2020). 
Additionally, researchers are developing innovative 
approaches, including automated image analysis and machine 
learning, to enhance the efficiency and accuracy of 
microplastic detection (Cowger et al. 2020). These 
advancements are supporting large-scale monitoring and 
improving our understanding of microplastic distribution and 
abundance in the environment. 

Spectroscopic and chromatographic methods 

Spectroscopic and chromatographic methods are valuable tools 
for analyzing microplastics. Fourier-transform infrared 
spectroscopy and Raman spectroscopy provide molecular 
fingerprints to differentiate plastic polymers from other 
materials (Cowger et al. 2020). These techniques can quantify 
chemical bonds and identify molecular vibrations, enabling 
precise analysis of microplastic composition (Jung et al. 2018; 
Ribeiro-Claro et al. 2017). Chromatographic methods, such as 
gas and liquid chromatography-mass spectrometry, can also 
identify and measure plastic additives, breakdown substances, 
and impurities, providing insights into the makeup and fate of 
microplastics in the environment (Akoueson et al. 2021; Ainali 
et al. 2021). 

Emerging technologies in microplastic detection 

Recent advances in nanotechnology, sensors, and imaging 
have revolutionized microplastic detection. Nanoparticle-based 
sensors and microscopy techniques enable real-time 
monitoring and spatial analysis of microplastics in 
environmental and biological samples (Velez‐Escamilla and 
Contreras‐Torres, 2022). Additionally, portable solutions like 
microfluidics and lab-on-a-chip platforms facilitate on-site 
identification and continuous environmental surveillance (Zhu 
et al. 2022; Farre, 2020). DNA-based methods also show 
promise for the rapid detection and characterization of 
microplastics using molecular probes and biosensors (Demeter 
et al. 2023; Pathan et al. 2020).  

Challenges in detecting microplastic contamination 

Sources of microplastic contamination: Laboratory 
environments can become contaminated with microplastics 
from various sources, including airborne particles, 
consumables, and materials used for sample preparation. 
Research indicates that microplastic contamination is a 
widespread issue, complicating the accurate detection and 
quantification of these particles in experimental samples (Jones 
et al. 2024).  

Limitations in microplastic detection 

Different analytical methods possess varying sensitivities and 
size detection limits, leading to discrepancies in reported 
contamination levels. For instance, while µ-FTIR can detect 
particles as small as 2.7 µm, flow cytometry can identify 
particles down to 200 nm. This variability in detection 
capabilities can significantly influence the perceived extent of 
microplastic contamination in experimental samples (Jones et 
al. 2024).  

Airborne microplastic contamination 

Airborne microplastics pose a persistent challenge, as they can 
settle on samples during processing. Even with rigorous 
laboratory protocols, airborne contamination can still occur, 
necessitating continuous evaluation and improvement of 
measures to control microplastic contamination (Wesch et al, 
2017; Paiva et al. 2022). 

Microplastic contamination prevention 

Challenges in preventing microplastic contamination in the 
laboratory 

Researchers face several key challenges in preventing 
microplastic contamination in laboratory settings: 

Ubiquity of microplastics 

Microplastics are ubiquitous in various environments, including 
indoor air, making it extremely challenging to completely avoid 
contamination. Even with the implementation of stringent 
protocols, some degree of contamination is often introduced 
through experimental procedures and materials (Prata et al. 
2021). 

Multiple contamination sources 

Microplastics can infiltrate samples from diverse sources, such 
as airborne particles, plastic laboratory equipment, and 
materials used for sample preparation. Identifying and 
controlling all potential sources of contamination is a 
formidable task (Paiva et al. 2022). 

Lack of standardized methods 
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The absence of harmonized and standardized methods for 
contamination prevention hinders researchers from 
implementing effective, validated protocols (Prata et al. 2024). 
Developing and adopting consistent best practices across the 
field remains an ongoing challenge. 

Limitations of detection methods 

Different microplastic detection techniques have varying size 
detection limits, which can lead to inconsistencies in reported 
contamination levels. For instance, μ-FTIR can detect particles 
≥2.7 μm, while flow cytometry can detect ≥200 nm. Selecting 
the appropriate method for the specific research question is 
crucial (Jones et al. 2024). 

Airborne contamination persistence 

Airborne microplastics can persistently settle on samples 
during processing, even with strict protocols in place. 
Continuous evaluation and improvement of contamination 
control measures are necessary to mitigate this issue (Jones et 

al. 2024).

Balancing contamination reduction and sample integrity 

Some contamination prevention measures, such as the use of 
clean-air devices, may necessitate significant changes to 
experimental procedures and sample handling (Paiva et al. 
2022). Researchers must carefully balance the need for 
contamination reduction with the preservation of sample 
integrity and representative results.

Strategies to prevent microplastic contamination 

Implementing strict practices in laboratory environments is 
essential for preventing contamination and reducing the 

transmission of microplastics (Rodrigues et al. 2019). Key 
strategies include: 

Equipment and consumable selection 

Figure 3: Strategies to prevent microplastic contamination in laboratory. 
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Research suggests prioritizing non-plastic laboratory 
instruments and supplies to minimize microplastic pollution. 
When plastic products are necessary, opt for high-quality 
options with minimal particulate release and regularly check for 
wear and deterioration to control the spread of microplastics 
during experiments (Jones et al. 2024).  

Sample handling and processing 

Using clean tools and non-plastic containers when collecting, 
preparing, and analyzing samples can minimize the risk of 
contamination (Costa and Duarte, 2017). 

Waste management practices 

In laboratory environments, efficient waste management, such 
as separating plastic waste from non-plastic materials, 
establishing recycling initiatives for plastic products, and 
embracing sustainable options over single-use plastics 
whenever possible, can reduce the dissemination of 
microplastics and mitigate negative environmental effects. 
(Thareja and Thareja, 2019; Sarkar et al. 2022). Implementing 
a routine cleaning for laboratory surfaces and equipment 
utilizing suitable solvents (like 70% ethanol) can assist in 
mitigating the accumulation of dust and potential sources of 
contamination (Jones et al. 2024).  

Laboratory environmental monitoring 

Regular monitoring of laboratory facilities for environmental 
factors, such as air and water quality, aids in addressing 
microplastic pollution. Implementation of filtration systems 
(Tiernan et al. 2022) and water treatment technologies can 
reduce the levels of airborne and waterborne microplastics in 
laboratories, lowering the risk of contamination (Schymanski et 
al. 2021). The use of clean-air equipment, such as biosafety 
cabinets, can substantially mitigate airborne microfiber 
contamination. One study reported a 96.5% decrease in 
contamination levels when samples were processed in a 
controlled environment. Rigorous protocols for controlling 
airborne contamination have demonstrated effectiveness in 
mitigating microplastic contamination. For instance, one study 
documented a substantial decrease in contamination levels, 
from 3.8% to 1.1%, after implementing more stringent control 
measures (Paiva et al. 2022). 

Standardization in microplastic analysis 

Establishing standardized methods in microplastic analysis is 
essential to ensure the reliability, comparability, and 
reproducibility of results across diverse research settings and 
investigations. In the absence of such standardization, it 
becomes difficult to compare data and draw meaningful 
insights about the scale and impact of microplastic 
contamination.  

Consistent sampling methods  

Defined guidelines should be established for sample collection, 
this entails defining appropriate sample sizes, collection 
techniques, and storage conditions to mitigate contamination 
and preserve the integrity of microplastics during 
transportation and subsequent analysis. Standardized sampling 
protocols will help reduce variability in results stemming from 
differences in collection methods (ISO, 2023; Cui et al. 2022). 

Consistent sample preparation techniques 

Develop standardized protocols for sample preparation, such 
as drying, grinding, or sieving, ensuring these processes do not 
modify the microplastic properties. For example, drying 
temperatures should be regulated to prevent the thermal 
degradation of plastics, generally not exceeding 40 °C (ISO, 
2023; Cui et al. 2022). 

Calibration with reference standards 

The use of certified reference materials is crucial to validate 
analytical methods and ensure accurate quantification of 
microplastics. These CRMs should include known size, shape, 
polymer type, and concentration of microplastic particles. 
These reference materials enable the establishment of reliable 
recovery efficiencies and the assessment of the performance of 
analytical techniques employed in microplastic studies (Cui et 
al. 2022; Masura et al. 2015). 

Validation of analytical techniques 

Develop standardized validation protocols for commonly used 
microplastic detection methods, such as microscopy (SEM, 
fluorescence), spectroscopy (FTIR, Raman), and 
chromatography (GC-MS, Py-GC-MS). This involves assessing 
key performance characteristics, including sensitivity, 
specificity, and reproducibility, as well as determining 
appropriate detection limits and quantification thresholds (ISO, 
2023; Zhao et al. 2020). 

Uniform reporting guidelines 

Create uniform templates for documenting microplastic data, 
encompassing the types, sizes, shapes, concentrations, and 
polymer compositions of detected microplastics. This ensures 
consistent communication of results, facilitating comparison 
across different studies (ISO, 2023). 

Inclusion of quality control measures 

Mandated that researchers include detailed descriptions of 
quality control procedures, such as blank controls, spike 
recoveries, and replicate analyses, in their reports. This 
enhances the transparency and reliability of the data (Ding et 
al. 2022; Masura et al. 2015). 
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Laboratory contamination prevention 

Establishing standardized best practices for preventing 
contamination during microplastic analysis is crucial. This 
includes the use of materials free of microplastics, maintaining 
clean laboratory environments (Jones et al. 2024), and 
employing controlled airflow (Paiva et al. 2022). Implementing 
consistent contamination prevention measures ensures that 
external sources of microplastics do not compromise 
microplastic analysis results. 

Documentation of contamination sources 

Researchers should be encouraged to thoroughly document 
and report any potential sources of contamination encountered 
during microplastic analysis. By developing a comprehensive 
understanding of these contamination risks, the scientific 
community can collaboratively establish more robust and 
reliable protocols to effectively minimize contamination in 
future studies (Masura et al. 2015). 

Interlaboratory comparison studies 
Regularly conducting interlaboratory comparison studies can 
help assess the consistency of microplastic analysis methods 
across different research facilities. These collaborative 
exercises facilitate the identification of inconsistencies and 
opportunities

for improvement, ultimately contributing to the development 
of more standardized and reliable analytical approaches for 
microplastic research (Masura et al. 2015).

 
Table 1: Standardization in microplastic analysis 

Sr. 
No. 

Recommended 
Standardized Methods 

Key strategies Explanation References 

1. Consistent Sampling 
Methods 

Clearly defined, standardized 
guidelines and protocols for MP 
sample collection should be 
established 

Define appropriate sample sizes, collection techniques, and 
storage conditions to mitigate MP contamination and preserve 
the integrity of microplastics during transportation and 
subsequent analysis. 

(ISO, 2023; 
Cui et al. 
2022) 

2. Consistent MP Sample 
Preparation Techniques 

Standardized protocols for MP sample 
preparation should be developed. 

Define standardized protocols for MP sample preparation like 
sample drying, grinding, sieving, etc. For example, drying 
temperatures should be regulated to prevent the thermal 
degradation of plastics, generally not exceeding 40 °C. 

(ISO, 2023; 
Cui et al. 
2022) 

3. Calibration with 
Reference Standards 

Standardized and certified reference 
materials for MPs should be defined. 

Defined CRMs should include MP known size, shape, polymer 
type, and concentration of microplastic particles. 

(Cui et al. 
2022; 
Masura et al. 
2015) 

4. Validation of Analytical 
Techniques 

Development of standardized 
validation protocols for commonly 
used microplastic detection methods. 

Standardized reference data should include key performance 
characteristics, including sensitivity, specificity, and 
reproducibility, as well as determining appropriate detection 
limits and quantification thresholds. 

(ISO, 2023; 
Zhao et al. 
2020) 

5. Uniform Documenting 
Guidelines 

Standardized reporting guidelines 
should be established to ensure the 
consistent communication of results, 
facilitating comparison across 
different studies. 

Guidelines should have uniform templates for documenting 
microplastic data, encompassing the types, sizes, shapes, 
concentrations, and polymer compositions of detected 
microplastics. 

(ISO, 2023) 

6. Inclusion of Quality 
Control Measures 

Detailed descriptions of quality 
control procedures should be 
established. 

Descriptions of quality control procedures like blank controls, 
spike recoveries, and replicate analyses can enhance the 
transparency and reliability of the data. 

(Ding et al. 
2022; 
Masura et al. 
2015) 

7. Laboratory Contamination 
Prevention 

Establishing standardized best 
practices for preventing 
contamination during microplastic 
analysis is crucial. 

Standardized best practices should include the usage of 
materials free of microplastics, maintaining clean laboratory 
environments, and employing controlled airflow. 

(Jones et al. 
2024; Paiva 
et al. 2022) 

8. Documentation of MP 
Contamination  

Thorough documentation of 
microplastic encountered by 

The scientific community can collaboratively establish more 
robust and reliable protocols to minimize contamination in 

(Masura et 
al. 2015) 
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researchers during the analysis 
should be encouraged. 

future studies effectively. 

9. Interlaboratory 
Comparison Studies 

Interlaboratory comparison studies 
should be established to assess the 
consistency of microplastic analysis 
methods across different research 
facilities. 

These collaborative exercises facilitate the identification of 
inconsistencies and opportunities for improvement, ultimately 
contributing to the development of more standardized and 
reliable analytical approaches for microplastic research. 

(Masura et 
al. 2015) 

10. Global Collaboration and 
Standardization Initiatives 

Fostering collaborations among 
researchers, standardization 
organizations (e.g., ISO, ASTM), and 
regulatory bodies is essential. 

This collaborative effort is essential for establishing a coherent 
and comprehensive framework to guide microplastic research. 

(ISO, 2023; 
Cui et al. 
2022) 

11. Training and Awareness Education of laboratory personnel 
about potential contamination 
sources and effective prevention 
strategies should be implemented. 

Heightening the awareness of contamination risks can 
promote more meticulous handling of samples and equipment, 
thereby further mitigating such risks. 

(Gheorghe et 
al. 2024) 

Global collaboration and standardization initiatives 
Fostering global collaboration among researchers, 
standardization organizations (e.g., ISO, ASTM), and 
regulatory bodies is crucial for developing and implementing 
universally accepted standards for microplastic analysis. This 
collaborative effort is essential for establishing a coherent and 
comprehensive framework to guide microplastic research (ISO, 
2023; Cui et al. 2022). 

Training and awareness 
It is crucial to educate laboratory personnel about potential 
contamination sources and effective prevention strategies. 
Heightening their awareness of contamination risks can 
promote more meticulous handling of samples and equipment, 
thereby further mitigating such risks (Gheorghe et al. 2024). 

In conclusion, the persistent issue of microplastic 
contamination in laboratory environments poses considerable 
challenges. However, the implementation of rigorous detection 
and prevention measures, coupled with the standardization of 
analytical methodologies, can effectively mitigate these 
challenges. Continuously improving laboratory practices and 
fostering greater awareness among researchers are essential 
for enhancing the reliability and credibility of microplastic 
research. 

Conclusions 

Summary of findings  

Microplastic presence in laboratory settings  

This research paper examines the widespread prevalence of 
microplastic contamination in laboratory environments. Both 
intentional and unintentional sources lead to the introduction 
of microplastics through laboratory instruments, supplies, and 
environmental factors. The findings underscore the critical 
need to address these sources to maintain the integrity of 
experimental research. 

Impact on cellular health and research 

This paper demonstrates that microplastics can significantly 
impact cellular health, altering cellular processes and 
potentially compromising experimental results. These 

implications extend beyond individual studies, potentially 
influencing broader research outcomes and leading to 
misinterpretations if not properly accounted for. 

Challenges and strategies 

The analysis of the challenges in detecting microplastics 
highlights the limitations of current methodologies. This study 
identifies key strategies for preventing contamination and 
discusses the necessity of standardized protocols to ensure 
consistent and reliable analysis across laboratories. Improving 
detection technologies and establishing standardized practices 
are identified as critical steps in mitigating the impact of 
microplastics on laboratory research. 

Broader implications 

Impact on research reliability: The presence of microplastics in 
laboratory settings raises concerns about the reliability and 
reproducibility of scientific research. By addressing these 
issues, this paper contributes to a growing awareness of the 
need for rigorous contamination control measures in the 
scientific community. 

Relevance to environmental and biomedical fields 

The insights gained from this study are relevant not only to 
laboratory research but also to environmental science and 
biomedical research. Understanding microplastic 
contamination at the cellular level helps bridge the gap 
between environmental exposure and its effects on human 
health, providing a more comprehensive understanding of 
microplastic pollution. 

Future recommendations 

Development of advanced detection methods 

Innovative technologies: Future research should focus on 
developing and improving advanced detection methods that 
can accurately identify and quantify microplastics at even 
smaller sizes and lower concentrations. This includes 
enhancing the sensitivity of current techniques and exploring 
innovative approaches like microfluidics, lab-on-a-chip devices, 
and nanoscale imaging. 
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Standardized reference materials 

There is a need for the creation and widespread adoption of 
standardized reference materials for microplastic analysis. 
Future research should aim to produce these materials and 
establish guidelines for their use in the calibration and 
validation of analytical instruments. 

Understanding the long-term effects of microplastics on 
cellular health 

In-Depth toxicological studies: More comprehensive 
toxicological studies are needed to fully understand the long-
term effects of microplastics on cellular health. This includes 
exploring how chronic exposure to different types and 
concentrations of microplastics affects cellular functions, gene 
expression, and overall cell viability. 

Implications for human health 

Research should also expand to investigate the implications of 
microplastic contamination in laboratory settings for human 
health, particularly in medical research and drug development, 
where microplastics could influence experimental outcomes. 

Implementation of contamination control measures 

Best Practices and Guidelines: Future studies should work 
towards the development of detailed best practices and 
contamination control guidelines specific to different types of 
laboratories. This includes creating microplastic-free protocols 
and designing lab environments that minimize the risk of 
contamination. Emphasizing the importance of education and 
training in contamination control for laboratory personnel is 
also crucial. 

Interdisciplinary collaboration 

Fostering interdisciplinary collaboration: Encouraging 
collaboration between environmental scientists, toxicologists, 
chemists, and biomedical researchers can lead to a more 
holistic understanding of microplastic contamination. 
Interdisciplinary studies can address the issue from multiple 
angles, combining expertise to develop comprehensive 
solutions. 

Global standardization efforts 

There is a need for coordinated global efforts to standardize 
microplastic analysis. Researchers should collaborate with 
international organizations to develop universally accepted 
standards and protocols, ensuring that findings are 
comparable across different regions and disciplines.  

This paper has highlighted the pervasive challenge of 
microplastic contamination within laboratory settings, which 
poses significant threats to the integrity and reliability of 
scientific research. The findings emphasize the urgent need 
for the scientific community to prioritize addressing this issue 

through the development of advanced detection methods, 
rigorous contamination control strategies, and standardized 
protocols. While progress has been made, ongoing research 
and interdisciplinary collaboration will be essential in 
mitigating the far-reaching impacts of microplastic 
contamination on both environmental and biomedical fields. 
This paper serves as a call to action, urging researchers to 
recognize microplastic contamination as a critical area of study 
and to continue advancing our collective understanding of its 
consequences, to ensure the reliability and sustainability of 
future scientific endeavors.  

Abbreviations 
BSR Broad-spectrum resistance 
DAMPs Damage-associated molecular patterns  
ETI Effector-triggered immunity 
GLS  Gray leaf spot 
NCLB Northern corn leaf blight 
NLRs Nucleotide-binding leucine-rice proteins 
PAMPs Pathogen-associated molecular patterns 
PRRs Pattern recognition receptors  
PTI Pattern-triggered immunity 
QDR  Quantitative disease resistance 
QTLs Quantitative trait loci 
RLK Receptor like kinase 
ROS Reactive oxygen species 
Vd Verticillium dahlia 
WAKs Wall-associated receptor-like kinases 
Xoo Xanthomonas oryzae 

Declarations 

Ethics approval 
Not applicable. 

Consent to participate  
Not applicable. 

Consent for publication 
Not applicable 

Conflict of interest 
Author declares no conflict of interest. 

Acknowledgements 
This study was supported by Riphah International University, 
Faisalabad Campus, Department of Zoology. 

Funding 
Not applicable. 

Data availability 
All the data generated are available in the manuscript. 

Authors contribution 
M.R conceived the study, I., A.N., H.C., and I.A. collected the 
data and wrote the original manuscript, and revised the 



Perspective  WAKs and disease resistance 

 
Riast, M. JFAS 2024, 1(1): 1-16.  13 

manuscript. All authors approved the manuscript for 
publication. 

References 

1. Ainali, N.M., Kalaronis, D., Kontogiannis, A., Evgenidou, E., Kyzas, 
G.Z., Yang, X., and Lambropoulou, D.A., (2021). Microplastics in 
the environment: Sampling, pretreatment, analysis and 
occurrence based on current and newly-exploited 
chromatographic approaches. Science of the Total Environment. 
794: 148725. 

2. Akoueson, F., Chbib, C., Monchy, S., Paul-Pont, I., Doyen, P., 
Dehaut, A., and Duflos, G., (2021). Identification and 
quantification of plastic additives using pyrolysis-GC/MS: A 
review. Science of the Total Environment. 773: 145073. 

3. Alava, J.J., (2020). Modeling the bioaccumulation and 
biomagnification potential of microplastics in a cetacean foodweb 
of the northeastern pacific: a prospective tool to assess the risk 
exposure to plastic particles. Frontiers in Marine Science. 7: 
566101. 

4. Ali, N., Katsouli, J., Marczylo, E.L., Gant, T.W., Wright, S., and de 
la Serna, J.B., (2024). The potential impacts of micro-and-nano 
plastics on various organ systems in humans. eBioMedicine. 99: 
34211. 

5. Aminah, I.S., and Ikejima, K., (2023). Potential sources of 
microplastic contamination in laboratory analysis and a protocol 
for minimising contamination. Environmental Monitoring and 
Assessment. 195(7): 808. 

6. Bhat, M.A., (2023). Identification and characterization of 
microplastics in indoor environment. Air Quality, Atmosphere & 
Health. 33: 12241. 

7. Bhat, M.A., (2024). Airborne microplastic contamination across 
diverse university indoor environments: A comprehensive ambient 
analysis. Air Quality, Atmosphere & Health. 11: 1-16. 

8. Brander, S.M., Renick, V. C., Foley, M.M., Steele, C., Woo, M., 
Lusher, A., and Rochman, C.M., (2020). Sampling and quality 
assurance and quality control: a guide for Scientists investigating 
the occurrence of microplastics across matrices. Applied 
Spectroscopy. 74(9): 1099-1125. 

9. Bucaite, A., Sauliute, G., and Stankeviciute, M., (2023). Effects on 
hematological and morphological parameters in fish after chronic 
exposure to microplastics. In the Coins 2023: International 
Conference of Life Sciences. 71-85. 

10. Cai, Y., Li, C., and Zhao, Y., (2021). A review of the migration 
and transformation of microplastics in inland water systems. 
International Journal of Environmental Research and Public 
Health. 19(1): 148. 

11. Campanale, C., Massarelli, C., Savino, I., Locaputo, V., and 
Uricchio, V.F., (2020). A detailed review study on potential effects 
of microplastics and additives of concern on human health. 
International Journal of Environmental Research and Public 
Health. 17(4): 1212. 

12. Campanale, C., Savino, I., Pojar, I., Massarelli, C., and Uricchio, 
V.F., (2020). A practical overview of methodologies for sampling 
and analysis of microplastics in riverine environments. 
Sustainability 12(17): 6755. 

13. Campanale, C., Stock, F., Massarelli, C., Kochleus, C., Bagnuolo, 
G., Reifferscheid, G., and Uricchio, V.F., (2020). Microplastics and 
their possible sources: The example of Ofanto river in southeast 
Italy. Environmental Pollution. 258: 113284. 

14. Caputo, F., Vogel, R., Savage, J., Vella, G., Law, A., Della 
Camera, G., and Calzolai, L., (2021). Measuring particle size 
distribution and mass concentration of nanoplastics and 
microplastics: addressing some analytical challenges in the sub-
micron size range. Journal of Colloid and Interface Science. 588: 
401-417.  

15. Cassano, D., Bogni, A., La Spina, R., Gilliland, D., and Ponti, J., 
(2023). Investigating the cellular uptake of model nanoplastics by 

single-cell ICP-MS. Nanomaterials. 13(3): 594. 
16. Chen, Y., Li, X., Zhang, X., Zhang, Y., Gao, W., Wang, R., and He, 

D., (2022). Air conditioner filters become sinks and sources of 
indoor microplastics fibers. Environmental Pollution. 292: 118465. 

17. Cheng, W., Li, X., Zhou, Y., Yu, H., Xie, Y., Guo, H., and Wang, 
Y., (2022). Polystyrene microplastics induce hepatotoxicity and 
disrupt lipid metabolism in the liver organoids. Science of the 
Total Environment. 806: 150328. 

18. Cormier, B., Batel, A., Cachot, J., Bégout, M.L., Braunbeck, T., 
Cousin, X., and Keiter, S. H., (2019). Multi-laboratory hazard 
assessment of contaminated microplastic particles by means of 
enhanced fish embryo test with the zebrafish (Danio rerio). 
Frontiers in Environmental Science. 7: 135. 

19. Costa, M.F., and Duarte, A.C., (2017). Microplastics sampling and 
sample handling. Comprehensive Analytical Chemistry. 75: 25-47. 

20. Cowger, W., Booth, A.M., Hamilton, B.M., Thaysen, C., Primpke, 
S., Munno, K., and Nel, H., (2020). Reporting guidelines to 
increase the reproducibility and comparability of research on 
microplastics. Applied Spectroscopy. 74(9): 1066-1077. 

21. Cowger, W., Gray, A., Christiansen, S.H., DeFrond, H., 
Deshpande, A.D., Hemabessiere, L., and Primpke, S., (2020). A 
critical review of processing and classification techniques for 
images and spectra in microplastic research. Applied 
Spectroscopy. 74(9): 989-1010. 

22. Cui, T., Shi, W., Wang, H., and Lihui, A.N., (2022). Standardizing 
microplastics used for establishing recovery efficiency when 
assessing microplastics in environmental samples. Science of the 
Total Environment. 827: 154323. 

23. da Costa, J. P., Duarte, A. C., and Rocha-Santos, T.A., (2017). 
Microplastics-occurrence, fate, and behavior in the environment. 
Comprehensive Analytical Chemistry. 75: 1-24. 

24. Del Piano, F., Lama, A., Piccolo, G., Addeo, N.F., Iaccarino, D., 
Fusco, G., and Ferrante, M.C., (2023). Impact of polystyrene 
microplastic exposure on gilthead seabream (Sparus aurata 
Linnaeus, 1758): Differential inflammatory and immune response 
between anterior and posterior intestine. Science of the Total 
Environment. 879: 163201. 

25. Demeter, K., Linke, R., Ballesté, E., Reischer, G., Mayer, R. E., 
Vierheilig, J., and Farnleitner, A.H., (2023). Have genetic targets 
for faecal pollution diagnostics and source tracking revolutionized 
water quality analysis yet? FEMS Microbiology Reviews. 47(4): 
1028. 

26. Ding, J., Sun, C., Li, J., Shi, H., Xu, X., Ju, P., and Li, F., (2022). 
Microplastics in global bivalve mollusks: A call for protocol 
standardization. Journal of Hazardous Materials. 438: 129490. 

27. Enyoh, C.E., Verla, A.W., Verla, E.N., Ibe, F.C., and Amaobi, C.E., 
(2019). Airborne microplastics: a review study on method for 
analysis, occurrence, movement and risks. Environmental 
Monitoring and Assessment. 191: 1-17. 

28. Farre, M., (2020). Remote and in situ devices for the assessment 
of marine contaminants of emerging concern and plastic debris 
detection. Current Opinion in Environmental Science & Health. 18: 
79-94. 

29. Freeland, B., McCarthy, E., Balakrishnan, R., Fahy, S., Boland, A., 
Rochfort, K.D., and Gaughran, J., (2022). A review of polylactic 
acid as a replacement material for single-use laboratory 
components. Materials 15(9): 2989. 

30. Fu, W., Min, J., Jiang, W., Li, Y., and Zhang, W., (2020). 
Separation, characterization and identification of microplastics 
and nanoplastics in the environment. Science of the Total 
Environment. 721: 137561. 

31. Gao, N., Huang, Z., Xing, J., Zhang, S., and Hou, J., (2021). 
Impact and molecular mechanism of microplastics on zebrafish in 
the presence and absence of copper nanoparticles. Frontiers in 
Marine Science. 8: 762530. 

32. Gavrilescu, M., Demnerova, K., Aamand, J., Agathos, S., and 
Fava, F., (2015). Emerging pollutants in the environment: present 
and future challenges in biomonitoring, ecological risks and 
bioremediation. New Biotechnology. 32(1): 147-156. 

33. Gheorghe, S., Stoica, C., Harabagiu, A.M., Neidoni, D.G., Mighiu, 



Perspective  WAKs and disease resistance 

 
Riast, M. JFAS 2024, 1(1): 1-16.  14 

E.D., Bumbac, C., and Enachescu, M., (2024). Laboratory 
assessment for determining microplastics in freshwater systems—
characterization and identification along the Somesul Mic River. 
Water. 16(2): 233. 

34. Goodman, K.E., Hua, T., and Sang, Q.X.A., (2022). Effects of 
polystyrene microplastics on human kidney and liver cell 
morphology, cellular proliferation, and metabolism. ACS Omega. 
7(38): 34136-34153. 

35. Gupta, N., Parsai, T., and Kulkarni, H.V., (2024). A review on the 
fate of micro and nano plastics (MNPs) and their implication in 
regulating nutrient cycling in constructed wetland systems. 
Journal of Environmental Management. 350: 119559. 

36. Hale, R.C., Seeley, M.E., La Guardia, M.J., Mai, L., and Zeng, E.Y., 
(2020). A global perspective on microplastics. Journal of 
Geophysical Research: Oceans. 125(1): 014719. 

37. He, B., Smith, M., Egodawatta, P., Ayoko, G.A., Rintoul, L., and 
Goonetilleke, A., (2021). Dispersal and transport of microplastics 
in river sediments. Environmental Pollution. 279: 116884. 

38. Huang, D., Chen, H., Shen, M., Tao, J., Chen, S., Yin, L., and Li, 
R., (2022). Recent advances on the transport of 
microplastics/nanoplastics in abiotic and biotic compartments. 
Journal of hazardous Materials. 438: 129515. 

39. Huang, D., Tao, J., Cheng, M., Deng, R., Chen, S., Yin, L., and Li, 
R., (2021). Microplastics and nanoplastics in the environment: 
Macroscopic transport and effects on creatures. Journal of 
Hazardous Materials. 407: 124399. 

40. Huang, W., Song, B., Liang, J., Niu, Q., Zeng, G., Shen, M., and 
Zhang, Y., (2021). Microplastics and associated contaminants in 
the aquatic environment: A review on their ecotoxicological 
effects, trophic transfer, and potential impacts to human health. 
Journal of Hazardous Materials. 405: 124187. 

41. International Organization for Standardization., (2023). Principles 
for the analysis of microplastics present in the environment. 41. 
International Organization for Standardization. 9: 24187.  

42. Jones, N.R., de Jersey, A.M., Lavers, J.L., Rodemann, T., and 
Rivers-Auty, J., (2024). Identifying laboratory sources of 
microplastic and nanoplastic contamination from the air, water, 
and consumables. Journal of Hazardous Materials. 465: 133276. 

43. Jung, M.R., Horgen, F.D., Orski, S.V., Rodriguez, V., Beers, K. L., 
Balazs, G.H., and Lynch, J.M., (2018). Validation of ATR FT-IR to 
identify polymers of plastic marine debris, including those 
ingested by marine organisms. Marine Pollution Bulletin.127: 704-
716. 

44. Kacprzak, S., and Tijing, L.D., (2022). Microplastics in indoor 
environment: sources, mitigation and fate. Journal of 
Environmental Chemical Engineering. 10(2): 107359. 

45. Kadac-Czapska, K., Osko, J., Knez, E., and Grembecka, M., 
(2024). Microplastics and Oxidative Stress—Current Problems and 
Prospects. Antioxidants. 13(5): 579. 

46. Kalaronis, D., Ainali, N.M., Evgenidou, E., Kyzas, G.Z., Yang, X., 
Bikiaris, D.N., and Lambropoulou, D.A., (2022). Microscopic 
techniques as means for the determination of microplastics and 
nanoplastics in the aquatic environment: A concise review. Green 
Analytical Chemistry. 3: 100036. 

47. Kazmi, S.S.U.H., Tayyab, M., Pastorino, P., Barcelò, D., Yaseen, 
Z.M., Grossart, H.P., and Li, G., (2024). Decoding the molecular 
concerto: Toxicotranscriptomic evaluation of microplastic and 
nanoplastic impacts on aquatic organisms. Journal of Hazardous 
Materials. 134574. 

48. Kumar, R., Verma, A., Shome, A., Sinha, R., Sinha, S., Jha, P. K., 
and Vara-Prasad, P.V., (2021). Impacts of plastic pollution on 
ecosystem services, sustainable development goals, and need to 
focus on circular economy and policy interventions. Sustainability. 
13(17): 9963. 

49. Lehel, J., and Murphy, S., (2021). Microplastics in the food chain: 
food safety and environmental aspects. Reviews of Environmental 
Contamination and Toxicology. 259: 1-49. 

50. Loder, M.G., and Gerdts, G., (2015). Methodology used for the 
detection and identification of microplastics—a critical appraisal. 
Marine Anthropogenic Litter. 12: 201-227. 

51. Lu, H., Hou, L., Zhang, Y., Guo, T., Wang, Y., and Xing, M., 
(2024). Polystyrene microplastics mediate cell cycle arrest, 
apoptosis, and autophagy in the G2/M phase through ROS in 
grass carp kidney cells. Environmental Toxicology. 39(4): 1923-
1935. 

52. Masura, J., Baker, J., Foster, G., and Arthur, C., (2015). 
Laboratory Methods for the Analysis of Microplastics in the Marine 
Environment: Recommendations for quantifying synthetic 
particles in waters and sediments. Reviews of Environmental 
Contamination and Toxicology. 2: 31-49. 

53. Mills, C.L., Savanagouder, J., de Almeida Monteiro Melo Ferraz, 
M., and Noonan, M.J., (2023). The need for environmentally 
realistic studies on the health effects of terrestrial microplastics. 
Microplastics and Nanoplastics. 3(1): 11.   

54. O'Brien, S., Rauert, C., Ribeiro, F., Okoffo, E.D., Burrows, S. D., 
O'Brien, J.W., and Thomas, K.V., (2023). There's something in 
the air: a review of sources, prevalence and behaviour of 
microplastics in the atmosphere. Science of the Total 
Environment. 874: 162193. 

55. Paiva, B.O., Souza, A.K.M.D., Soares, P.L., Palma, A.R.T., and 
Vendel, A.L., (2022). How to control the airborne contamination 
in laboratory analyses of microplastics? Brazilian Archives of 
Biology and Technology. 65: e22210399. 

56. Pathan, S.I., Arfaioli, P., Bardelli, T., Ceccherini, M.T., Nannipieri, 
P., and Pietramellara, G., (2020). Soil pollution from micro-and 
nanoplastic debris: A hidden and unknown biohazard. 
Sustainability. 12(18): 7255. 

57. Pechiappan, H., (2021). Effects of Nano-and Microplastics on 
Inflammatory Responses in Macrophages in vitro. Environmental 
Science & Technology. 56(22): 15192-15206. 

58. Prado, Y., Aravena, C., Aravena, D., Eltit, F., Gatica, S., Riedel, 
C.A., and Simon, F., (2023). Small plastics, big inflammatory 
problems. Advances in Molecular Pathology. 9: 101-127.  

59. Prata, J.C., (2018). Airborne microplastics: consequences to 
human health?. Environmental Pollution. 234: 115-126. 

60. Prata, J.C., Da Costa, J.P., Duarte, A.C., and Rocha-Santos, T., 
(2019). Methods for sampling and detection of microplastics in 
water and sediment: A critical review. Trends in Analytical 
Chemistry. 110: 150-159. 

61. Prata, J.C., da Costa, J.P., Lopes, I., Andrady, A.L., Duarte, A.C., 
and Rocha-Santos, T., (2021). A One Health perspective of the 
impacts of microplastics on animal, human and environmental 
health. Science of the Total Environment. 777: 146094.  

62. Prata, J.C., Padrao, J., Khan, M.T., and Walker, T.R., (2024). Do's 
and don'ts of microplastic research: a comprehensive guide. 
Science of the Total Environment. 21: 115-138. 

63. Prata, J.C., Reis, V., da Costa, J.P., Mouneyrac, C., Duarte, A.C., 
and Rocha-Santos, T., (2021). Contamination issues as a 
challenge in quality control and quality assurance in microplastics 
analytics. Journal of Hazardous Materials. 403: 123660. 

64. Prinz, N., and Korez, S., (2020). Understanding how microplastics 
affect marine biota on the cellular level is important for assessing 
ecosystem function: a review. YOUng MArine RESearcher: 9-The 
Oceans: Our Research, Our Future. 101-120. 

65. Qi, X., Zhang, Y., Liu, H., and Lin, H., (2021). Cadmium exposure 
induces inflammation and necroptosis in porcine adrenal gland via 
activating NF-κB/MAPK pathway. Journal of Inorganic 
Biochemistry. 223: 111516. 

66. Rezania, S., Park, J., Din, M.F.M., Taib, S.M., Talaiekhozani, A., 
Yadav, K.K., and Kamyab, H., (2018). Microplastics pollution in 
different aquatic environments and biota: A review of recent 
studies. Marine Pollution Bulletin. 133: 191-208. 

67. Ribeiro-Claro, P., Nolasco, M.M., and Araujo, C., (2017). 
Characterization of microplastics by Raman spectroscopy. 
Comprehensive Analytical Chemistry. 75: 119-151. 

68. Rio, P., Gasbarrini, A., Gambassi, G., and Cianci, R., (2024). 
Pollutants, microbiota and immune system: frenemies within the 
gut. Frontiers in Public Health. 12: 1285186. 

69. Rodrigues, S.M., Almeida, C.M.R., and Ramos, S., (2019). 
Adaptation of a laboratory protocol to quantity microplastics 



Perspective  WAKs and disease resistance 

 
Riast, M. JFAS 2024, 1(1): 1-16.  15 

contamination in estuarine waters. MethodsX. 6: 740-749. 
70. Sarkar, B., Dissanayake, P.D., Bolan, N.S., Dar, J.Y., Kumar, M., 

Haque, M.N., and Ok, Y.S., (2022). Challenges and opportunities 
in sustainable management of microplastics and nanoplastics in 
the environment. Environmental Research. 207: 112179. 

71. Schymanski, D., Oßmann, B.E., Benismail, N., Boukerma, K., 
Dallmann, G., Von der Esch, E., and Ivleva, N.P., (2021). Analysis 
of microplastics in drinking water and other clean water samples 
with micro-Raman and micro-infrared spectroscopy: minimum 
requirements and best practice guidelines. Analytical and 
Bioanalytical Chemistry. 413(24): 5969-5994. 

72. Sharifinia, M., Bahmanbeigloo, Z.A., Keshavarzifard, M., Khanjani, 
M.H., and Lyons, B.P., (2020). Microplastic pollution as a grand 
challenge in marine research: a closer look at their adverse 
impacts on the immune and reproductive systems. Ecotoxicology 
and Environmental Safety. 204: 111109. 

73. Shi, Q., Tang, J., Liu, R., and Wang, L., (2022). Toxicity in vitro 
reveals potential impacts of microplastics and nanoplastics on 
human health: A review. Critical Reviews in Environmental 
Science and Technology. 52(21): 3863-3895.  

74. Stock, V., Böhmert, L., Coban, G., Tyra, G., Vollbrecht, M.L., 
Voss, L., and Sieg, H., (2022). Microplastics and nanoplastics: 
size, surface and dispersant–what causes the effect? Toxicology 
in Vitro. 80: 105314.  

75. Sun, R., Xu, K., Yu, L., Pu, Y., Xiong, F., He, Y., and Pu, Y., 
(2021). Preliminary study on impacts of polystyrene microplastics 
on the hematological system and gene expression in bone 
marrow cells of mice. Ecotoxicology and Environmental Safety. 
218: 112296. 

76. Tan, M.L., Ying, C.K., and Hamid, S.B.S., (2022). Plastic Pollution 
and Sustainable Managing of Single-Use Laboratory Plastic Waste. 
Sustainability and Climate Change. 15(1): 6-16. 

77. Thareja, P., and Thareja, P., 2019. The Menace of Single use 
Plastic: Hell! or Hoax? Ecotoxicology and Environmental Safety. 
87, 101723. 

78. Tiernan, H., Friedman, S., Clube, R.K., Burgman, M.A., Castillo, 
A.C., Stettler, M.E., and De Nazelle, A., (2022). Implementation of 
a structured decision-making framework to evaluate and advance 
understanding of airborne microplastics. Environmental Science & 
Policy. 135: 169-181.  

79. Velez‐Escamilla, L.Y., and Contreras‐Torres, F.F., (2022). Latest 
advances and developments to detection of micro‐and 
nanoplastics using surface‐enhanced Raman spectroscopy. 
Particle & Particle Systems Characterization. 39(3): 2100217. 

80. Wang, W., Zhang, J., Qiu, Z., Cui, Z., Li, N., Li, X., and Zhao, C., 
(2022). Effects of polyethylene microplastics on cell membranes: 
A combined study of experiments and molecular dynamics 
simulations. Journal of Hazardous Materials. 429: 128323.  

81. Wang, X., Jian, S., Zhang, S., Wu, D., Wang, J., Gao, M., and 
Hong, Y., (2022). Enrichment of polystyrene microplastics induces 
histological damage, oxidative stress, Keap1-Nrf2 signaling 
pathway-related gene expression in loach juveniles 
(Paramisgurnus dabryanus). Ecotoxicology and Environmental 
Safety. 237: 113540. 

82. Weis, J.S., and Palmquist, K.H., (2021). Reality check: 
experimental studies on microplastics lack realism. Applied 
Sciences. 11(18): 8529. 

83. Wesch, C., Bredimus, K., Paulus, M., and Klein, R., (2016). 
Towards the suitable monitoring of ingestion of microplastics by 
marine biota: A review. Environmental Pollution. 218: 1200-1208. 

84. Wesch, C., Elert, A.M., Wörner, M., Braun, U., Klein, R., and 
Paulus, M., (2017). Assuring quality in microplastic monitoring: 
About the value of clean-air devices as essentials for verified 
data. Scientific Reports. 7(1): 5424. 

85. Ye, G., Zhang, X., Liu, X., Liao, X., Zhang, H., Yan, C., and 
Huang, Q., (2021). Polystyrene microplastics induce metabolic 
disturbances in marine medaka (Oryzias melastigmas) liver. 
Science of the Total Environment. 782: 146885. 

86. Yin, K., Wang, Y., Zhao, H., Wang, D., Guo, M., Mu, M., and Xing, 
M., (2021). A comparative review of microplastics and 

nanoplastics: Toxicity hazards on digestive, reproductive and 
nervous system. Science of the Total Environment. 774: 145758. 

87. Zhao, S., Zhu, L., Gao, L., and Li, D., (2018). Limitations for 
microplastic quantification in the ocean and recommendations for 
improvement and standardization. Microplastic Contamination in 
Aquatic Environments. 27-49. 

88. Zhu, X., Wang, K., Yan, H., Liu, C., Zhu, X., and Chen, B., (2022). 
Microfluidics as an emerging platform for exploring soil 
environmental processes: a critical review. Environmental Science 
& Technology. 56(2): 711-731. 

89. Ziani, K., Ionita-Mindrican, C.B., Mititelu, M., Neacsu, S.M., 
Negrei, C., Morosan, E., and Preda, O.T., (2023). Microplastics: a 
real global threat for environment and food safety: a state of the 
art review. Nutrients. 15(3): 617.  

Publisher note: FUTURE Agrisphere remains neutral with 
regard to jurisdictional claims in published maps and 
institutional affiliations. 


