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Abstract

The pervasive distribution of microplastics in the environment has become a global concern, with
potential repercussions for human health, ecosystems, and biological toxicity. This review synthesizes
current research on the environmental distribution, potential pathways of human exposure, and health
implications of microplastics. We highlight the methodologies employed in quantifying and
characterizing microplastics, as well as the toxicological assessments conducted in various biological
matrices. Our findings indicate a significant correlation between microplastic exposure and adverse
health outcomes, necessitating urgent policy interventions and further research.
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1. Introduction

Microplastics, typically defined as plastic particles smaller than 5 millimeters in size, have become
ubiquitous contaminants in the global environment. Their distribution is widespread, extending from
urban to remote regions, and they have been found in various compartments of the Earth’s ecosystems,
including marine and freshwater bodies, soils, and even the atmosphere. In aquatic environments,
microplastics are known to originate from a variety of sources such as cosmetic products, clothing fibers,
industrial processes, and the breakdown of larger plastic debris. These particles are carried by water
currents, leading to their presence in the open oceans, and they have been detected even in the depths of
the Mariana Trench. Coastal regions often exhibit higher concentrations of microplastics due to proximity
to urban runoff and waste disposal activities. In terrestrial ecosystems, microplastics accumulate through
several pathways including the application of sewage sludge as fertilizer, fragmentation of larger plastic

waste, and atmospheric deposition. Soils can act as both a sink and a source of microplastics, affecting
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plant and soil organism health. The atmospheric distribution of microplastics is a relatively new area of
concern. Wind can transport lightweight and small-sized microplastics over long distances, and they have
been found in remote areas such as mountain ranges and the polar regions, indicating the pervasive reach
of these pollutants.

The omnipresence of microplastics in the environment has led to widespread research into their potential
pathways of exposure and consequent health impacts on both humans and animals. Humans may
encounter microplastics through ingestion, inhalation, and dermal absorption. The ingestion pathway is
significant, as microplastics are detected in various foods and beverages, implicating potential internal
exposure. Inhalation introduces respiratory exposure, especially in urban settings with high particulate
matter containing microplastic fibers from textiles and tire dust. Dermal exposure, though less explored,
may occur via personal care products containing microplastic beads. Animals, particularly marine species,
are exposed to microplastics primarily through ingestion, mistaking these particles for food, which can
result in physical blockages or starvation due to false satiation. They are also at risk of bioaccumulation,
where microplastics laden with toxic substances enter the food chain, potentially impacting higher trophic
levels. In terms of health impacts, microplastics carry a suite of chemical contaminants and may induce
toxicity directly or act as vectors for other environmental pollutants. Research indicates that they may
cause inflammation, oxidative stress, and endocrine disruption in both humans and animals. The potential
for microplastics to cause harm is a growing concern, necessitating urgent and comprehensive studies to
fully understand their effects and implement effective mitigation strategies to protect public health and
biodiversity.

The study of microplastics requires sophisticated analytical techniques for both quantitative and
qualitative assessments. Quantitative analysis involves determining the concentration of microplastics
within a given sample. This is typically done using methods like Fourier-transform infrared spectroscopy
(FTIR) and Raman spectroscopy, which can identify and quantify microplastic particles based on their
unique spectral fingerprints. For higher resolution and to quantify smaller particles, scanning electron
microscopy (SEM) coupled with energy-dispersive X-ray spectroscopy (EDX) can be used to provide
detailed images and elemental composition of individual microplastics. To ensure accuracy and avoid
contamination, rigorous protocols, and clean laboratory conditions are essential. These methods
combined provide a comprehensive picture of the microplastic burden within environmental or biological
samples, crucial for understanding their potential impacts on ecosystems and human health.

However, the aforementioned methods do not address the direct assessment of microplastic exposure in
animals. Consequently, this study scrutinizes the application of a hydrogen peroxide precipitation
reaction to ascertain the presence of microplastics in comprehensively collected samples of animal feces.
It is postulated that an elevated concentration of microplastics correlates positively with increased
toxicity. Furthermore, the study reveals a diminution in the elimination rate of microplastics concomitant
with extended exposure duration. This phenomenon suggests that there is an adaptive response in the

organism, leading to augmented absorption of microplastics over time.
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2. Method

A cohort of Sprague-Dawley rats was procured via the Centers for Disease Control and Prevention and
was subsequently stratified into clusters, each consisting of six specimens. Before the initiation of the
experimental protocol, the rodents underwent an acclimatization period of 72 hours. Upon
commencement of the study, the subjects were maintained on a standard regimen of diet and hydration.
Administered via gavage on a daily basis were doses of Polyethylene (PE), quantified at 0.1g and 0.05g
respectively. Concurrently, fecal samples were collected and their mass was recorded with meticulous
precision. In addition to the treatment cohorts, a control group was constituted to serve as a baseline for
comparative analysis. Samples were aliquot was analyzed at the environmental laboratory by researchers
who were blinded to the sample origin. The samples were chemically pretreated to dis-solve natural
organic matter. The remaining microplastics and residues of non-digestible material were filtered using
a 50-um metal sieve. After resuspension in ultrapure water, an aliquot was transferred to a filter via a
vacuum system and dried. The fecal samples are immersed in a hydrogen peroxide solution, wherein the
organic waste components are observed to sediment at the base of the container. Microplastics,
characterized by their resistance to oxidation by hydrogen peroxide, exhibit buoyancy and accumulate at
the liquid’s surface. These microplastic particles are meticulously harvested from the apex of the solution,
subsequently desiccated, and weighed. The quantified mass represents the microplastics excreted from

the organism following exposure.

3. Result

Concurrently, fecal samples were collected, and their masses were meticulously documented. The
experimental outcomes indicated that the 0.1g dosage group exhibited an average excretion rate of
approximately 0.07g per day over a span of 14 days. This data will be illustrated in a comparative graph
against the control group, designated as Figure 1. Similarly, the 0.05g dosage group displayed an
excretion rate of roughly 0.04g per day within the same period, which will be depicted in a graph labeled
as Figure 2. The results suggest that a lower dosage of microplastics correlates with a higher proportion
of excretion, thereby implying a reduced toxicity level associated with lower doses of microplastic

exposure.

112
Published by SCHOLINK INC.



www.scholink.org/ojs/index.php/sshsr Social Science, Humanities and Sustainability Research Vol. 4, No. 5, 2023

06 [ 0.1g
£00.4-
n
1
g
0.2-
0-0 |--I|j|l T T T T L) T
2 0 2 4 6 8 10 12 14 16 18

the day for collect (d)

Figure 1. Under the Conditions of 0.1 g Microplastic Gavage, the Quantity of Microplastic

Exposure

In Figure 1, the analysis should detail the daily excretion rates of the 0.1g group, highlighting the slight
decrease in excretion efficiency over the 14-day period, and juxtapose these findings against the control
group, which should show no presence of polyethylene. This comparison elucidates the kinetics of
microplastic excretion at a higher dosage. In Figure 2, the focus should be on the enhanced excretion
efficiency of the 0.05g group, as evidenced by the consistent daily excretion rate that suggests a dose-
response relationship between microplastic ingestion and excretion. The comparison with the control
group in this figure would underscore the relatively higher excretion rates at a lower dosage, reinforcing

the hypothesis of lower toxicity at reduced microplastic exposures.
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Figure 2. Under the Conditions of 0.05 g Microplastic Gavage, the Quantity of Microplastic
Exposure
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4. Discussion

The results section presents a compilation of the data from numerous studies that detail the environmental
distribution of microplastics, their chemical properties, and their presence in food and water. We also
review findings on the physical and chemical toxicity of microplastics, which include inflammatory
responses, oxidative stress, and genotoxicity in various organisms. In the discussion, we integrate the
research findings to assess the potential risk of microplastics to human health and the environment. We
consider the implications of microplastics’ persistence and bioaccumulation, and how these factors
contribute to the potential for long-term ecological and health effects. The limitations of current research
methodologies are also examined, along with recommendations for future research directions, including
improved standardization of analytical methods and long-term epidemiological studies. Microplastic
pollution represents a complex environmental challenge with significant implications for human health.
The evidence reviewed underscores the urgency for a multidisciplinary approach to address the gaps in
our understanding of microplastic toxicity and to develop effective mitigation strategies. Public
awareness and regulatory policies must evolve in tandem with scientific advancements to manage the

microplastic menace effectively.
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