Volume 9, Issue 7, July — 2024
ISSN No:-2456-2165

International Journal of Innovative Science and Research Technology

https://doi.org/10.38124/ijisrt/IJISRT24JUL106

Effects of Nanoplastics on
Human Health: A Comprehensive Study

Dr. Urvashi Chauhan
ICRI, Sushant University, Gurugram, Haryana, 122002

Abstract:- Microplastics or nanoplastics are particles
of plastic with a size range of 1 to 1000 nm and have
emerged as a big public health concern due to their
pervasive presence in the environment and their
potential to gradually harm human health. This study
provides an overview of the capability of nanoplastics
to cause complex and diverse effects on human health,
consisting of information from pre-existing research
from multidisciplinary fields such as toxicology,
environmental science, epidemiology, and public
health.

Keywords:- Microplastics, Nanoplastics, Human Health,
Toxicological Effects, Exposure Pathways, Environmental
Pollution, Risk Assessment, Interdisciplinary Research,
Public Health, Environmental Remediation.

. INTRODUCTION

Plastics have the durability, affordability, and
adaptability that have made them revolutionary in several
businesses and people’s daily lives. However, excessive use
and improper waste disposal have caused them to
accumulate in the environment leading to pollution of
atmospheric, aquatic, and terrestrial ecosystems.
Nanoplastics can directly be produced from products that
contain nanoplastics such as paint, textiles, and personal
hygiene items, or can be formed as a consequence of the
breakdown of larger plastic particles [1]. Furthermore,
nanoplastics are known to get adsorbed and transport
various toxic chemicals and organic pollutants which
further exaggerate the harmful effects they tend to cause
on human health [2]. These nanoplastics may interact with
the biological system at the cellular and molecular levels,
[3] and preliminary studies have also suggested that
nanoplastics are more toxic as compared to microplastics
because of their small size and their capability to cross
biological barriers and accumulate in the organs and
tissues which subsequently leads to toxicity [4]. Since
they can adsorb and transport various heavy metals and
organic pollutants in the environment matrices, it as a
result further enhances the bioavailability and toxicity of
these pollutants [5]. Despite being of small size,
nanoplastics resist degradation and persist in the
environment for a very long time [6], and since humans
also get exposed to them through food and water, these
nanoplastics occur in the food chain causing significant
health impacts through dietary exposure [7].

IJISRT24JUL106

1. OBJECTIVE AND SCOPE

Research on nanoplastics comprises studies on its
primary sources which include fragmentation of plastic
debris, industrial processes, its occurrence as microbeads
in personal care products, and secondary sources which
include the breakdown of larger-sized plastic debris [8].
In addition, investigations into their transport mechanism
through air, water, and soil provide insight into their
distribution pattern [9]. The primary focus of research
efforts is quantifying their abundance, spatial distribution,
and temporal variability across many habitats [10] and
also the accumulation of microplastics in specific
environments such as coastal areas or deep-sea areas to
assess their ecological impacts [11]. The research on the
ecological impacts of nanoplastics helps to demonstrate the
physical and chemical interactions between nanoplastics
and biota including ingestion, entanglement, and leaching
of toxic additives [12] and also the backhanded effects of
nanoplastics on environmental cycles such as supplement
cycling and trophic repercussions [13]. Through late bits
of proof, it has been found that humans get exposed to these
nanoplastics via ingestion, dermal contact, and inhalation
[14]. Research endeavors also aim to identify the extent
of human exposure to nanoplastics, their potential to
accumulate and translocate inside the body, and health
outcomes associated with them such as oxidative stress,
inflammation, and accumulation of biohazardous
chemicals [15]. For legitimate moderation of
microplastic/nanoplastic contamination, complex
research methodology is completed to decrease its source,
appropriate  waste administration, and mechanical
developments for microplastic expulsion and remediation
[16]. Research endeavors in the relief of nanoplastic
toxicity will have an excellent spotlight on assessing the
plausibility and productivity of different moderation
techniques and their potential compromises and unseen
side effects [17].

NANOPLASTICS: SOURCES, OCCURRENCE,
AND FATE

Nanoplastics can be derived from both primary and
secondary sources with the primary source being the
intentional manufacturing of nanoplastics for industrial
and biomedical applications [18]. The most common
primary sources include nanoplastics containing
consumer products such as paints, textiles, and personal
hygiene items [19]. Secondary sources include
fragmentation or breaking down of larger plastic debris
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which generates nanoplastics through physical, chemical,
and biological degradation processes [20]. After being
released into the environment, these nanoplastics because
of their small size and low density, get suspended in the
water columns and facilitate its spread over a larger
distance [21]. Nanoplastics also exhibit very strong
interactions with multiple environmental matrices such as
soil, biota, and sediments that have a major influence on
their fate and bioavailability [22]. The ultimate fate of
nanoplastics in the terrestrial and aquatic ecosystem is
contributed by physical processes such as sedimentation
and advection and, also their chemical and biological
transformations [23].

Nanoplastic contamination is known to be found in
multiple environmental matrices such as soil, sediments,
marine, and freshwater systems with their traces also
being found in the atmospheric aerosols [24]. Many
advanced analytical techniques have also found
nanoplastics in multiple environmental compartments
with their concentrations ranging from nanograms to
micrograms per gram of matrix [25]. These nanoplastics
have also been found in remote and pristine environments
which further confirms their pervasive nature [26].

Nanoplastics get ingested by a large range of
organisms such as planktonic species to higher-level
organisms which leads to many adverse effects such as
tissue damage, reproductive impairment, and altered
behavior [27]. Since they also get adsorbed and transport
various pollutants and pathogens, they further serve as a
vector for the transfer of contaminants through the food
webs which potentially compromises the ecosystem’s
integrity and human health [28].

The primary focus of the prevention of nanoplastics
includes reducing the release of nanoplastics into the
environment which can be achieved by improving the
waste management system, substitution of plastic
material with their corresponding biodegradable
alternatives, and formulation of eco-designs that limit and
reduce nanoplastic generation [29]. Remediation techniques
such as membrane filtration and adsorption processes have
proven to be promising in removing nanoplastics from
contaminated matrices, although their efficacy and
feasibility are yet to be fully examined in real-world
settings [30].

» Formation and Persistence of Nanoplastics:

Under the impact of several environmental
contributing factors such as UV radiation, mechanical
abrasion, and microbiological activity, bigger plastic
wastes can lead to the formation of nanoplastics [31].
Because of their applications in coatings, textiles, and
personal hygiene products, nanoplastics are also
purposefully created [32]. Several chemical and physical
environmental processes also lead to the formation of
nanoplastics [33] and from there, nanoplastics tend to enter
the environment, travel larger distances via air currents, and
later accumulate in the water and land surfaces [34]. Runoff
of nanoplastics from agricultural and urban areas also leads
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to their accumulation in water bodies like rivers, lakes, and
ponds, posing a threat to aquatic life forms [35].

Nanoplastics get transported through ocean currents
and accumulate in the sediments where sometimes they
may undergo vertical migration and interact with benthic
organisms [36]. Numerous aquatic creatures may also
consume these nanoplastics which could result in their
bioaccumulation and biomagnification in the food webs
[37]. Nanoplastics can also interact with soil particles and
organic matter through deposition, which may impact
plant health, microbial activity, and soil structure [38].
Since nanoplastics also get transferred through air, this
causes nanoplastics to deposit in both dry and wet
terrestrial and aquatic systems [39].

Because of their slow rate of breakdown,
nanoplastics accumulate in the marine sediments and
biota, they have the potential to live in the marine
environment for a longer time [40]. Additionally,
nanoplastics may endure in freshwater systems,
particularly slow-moving and stagnant waters with little
chance of breakdown [41]. When nanoplastics persist in
the soil environment, they undergo various physical and
chemical weathering processes but remain in the soil
environment for an extended time [42]. In the
atmosphere, nanoplastics undergo degradation through
photodegradation and their reaction with other chemical
constituents, but still their persistence in the atmosphere is
yet to be understood completely [43].

V. NANOPLASTICS AND THEIR PATHWAYS

TO HUMAN EXPOSURE

Nanoplastics, because they tend to travel larger
distances via water currents, they are found in lakes,
oceans, and rivers thereby entering the aquatic food chain
[44]. Once they have entered the food chain, they get
exposed to humans through contaminated seafood and
water [45].

Nanoplastics also enter the atmosphere because of
degradation processes and multiple industrial activities
[46]. The inhalation of these nanoplastic particles
contributes to being a potential route of exposure for
humans [47].

Nanoplastics are also used in many personal care
products such as cosmetics and sunscreen, where they
facilitate the transfer of various drugs and chemicals
inside the body [48]. Continuous usage of these personal
care products leads to dermal exposure to nanoplastics in
humans [49].

Nanoplastics also tend to migrate from packaging
materials into food and drinking items [50] and their
consumption might lead to nanoplastic exposure and
accumulation in humans [51].

Workers in the industries of nanoplastic production
may also be exposed to them as an occupational hazard
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through dermal contact, inhalation, and ingestion
[52][53].

V. TOXICOLOGICAL EFFECTS OF
NANOPLASTICS ON HUMAN HEALTH

Nanoplastics can be very dangerous on human
consumption. The integrity of the intestinal barrier may be
jeopardized if these nanoplastics interact with intestinal
cells and disturb their gut flora after ingestion. Increased
intestinal permeability, inflammation, and several
gastrointestinal conditions, including irritable bowel
syndrome (IBS) and inflammatory bowel disease (IBD)
may arise from this [54].

Nanoplastics can also pose a threat to the respiratory
system of human beings. Upon inhalation, they have the
potential to deposit themselves in the respiratory system,
where they can lead to oxidative stress, inflammation,
and respiratory symptoms like coughing, wheezing, and
shortness of breath. Long-term exposure to nanoplastics
may cause lung cancer, chronic obstructive pulmonary
disease (COPD), and asthma, among other respiratory
conditions [55].

Once these nanoplastics get inhaled or ingested, they
might dislocate from the respiratory and intestinal tract
and enter the systemic circulation. These circulating
nanoplastic particles in the bloodstream may interact with
endothelial cells, induce inflammation, and contribute to
the occurrence of various cardiovascular diseases,
atherosclerosis, and hypertension [56].

Fetal development may also be compromised by the
exposure of nanoplastics during pregnancy. These
nanoplastics may cross the placental barrier,
accumulating in the fetal tissues and potentially
interfering with pre-natal and post-natal development. Many
animal studies conducted in the past have suggested that
nanoplastics exposure may also lead to several
developmental defects such as growth retardation,
malformation of organs, and, neurological abnormalities
in the offspring [57].

Nanoplastics can cross the blood-brain barrier and
once inside the brain, they may result in oxidative stress,
neuroinflammation, and neuronal damage. These effects
can further exaggerate neurological conditions such as
deficits in cognition and movement, as well as
neurodegenerative illnesses such as Parkinson’s and
Alzheimer’s [58].

Nanoplastics may also lead to various
immunological defects by modulating the immune
response in human beings. Once they interact with the
immune cells, they alter cytokine production which disrupts
the immune signalling pathways and results in a
dysregulated immune system. They can also lead to
increased  susceptibility to infections, exaggerate
inflammatory conditions, and contribute to autoimmune
diseases [59].
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VI. MECHANISMS OF NANOPLASTICS-
INDUCED TOXICITY

Various aspects of nanoplastic-induced toxicity may
include its physical and chemical interactions, cellular
uptake, internalization, inflammatory  responses,
oxidative stress, and genotoxicity.

Nanoplastics have been shown to exert their
toxicological effects once they interact with the biological
system. Because of their very small size and high surface
area-to-volume ratio, they can easily adhere to cell
membranes and potentially disrupt their cellular
structures resulting in the interference of cellular
functions. The physical interaction of the nanoplastic
with the biological system can trigger signalling pathway
which ultimately leads to cellular stress and dysfunction
[60].

Nanoplastics may enter the cell through various
processes such as endocytosis, phagocytosis, and
pinocytosis, and if these nanoplastics get internalized,
they may accumulate in the intracellular compartments
such as endosomes, cytoplasmic vesicles and lysosomes.
This internalization may lead to the disruption of cellular
homeostasis, induce a stress response, and impair
organelle function [61].

Nanoplastics also have the capability of adsorbing
and transporting various drugs and chemicals inside the
body which also includes secondary pollutants and heavy
metals. The chemical interactions between the
nanoplastics and the toxicant can enhance their
bioavailability and toxicity which causes a synergistic
deteriorating effect on the biological systems. In addition,
nanoplastics also release various plasticizers, additives, and
by-products of degradation which can further enhance their
toxicological effects [62].

One of the key mechanisms of nanoplastic-induced
toxicity is oxidative stress and genotoxicity. Nanoplastics
can generate Reactive Oxygen Species (ROS) through
photochemical reactions or by activation of cellular
oxidative pathways. The excessive production of these
Reactive Oxygen Species can result in an overwhelming
of cellular antioxidant defenses which cause oxidative
damage to lipids, proteins, and DNA. This oxidative
damage could lead to several health outcomes such as
DNA mutations, genotoxicity, and chromosomal
aberrations and also contribute towards carcinogenesis
[63].

Nanoplastics can induce inflammatory responses in
the biological system and once humans get exposed to
them, these nanoplastics can lead to the activation of
immune cells commonly macrophages and dendritic cells
which result in the release of inflammatory cytokines and
chemokines. Long-term exposure to this nanoplastic-
induced inflammation may cause the development of
multiple inflammatory diseases such as asthma, arthritis,
and also cardiovascular diseases [64].
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VIL. RISK ASSESSMENT OF NANOPLASTIC-
INDUCED TOXICITY

As discussed earlier, nanoplastics can carry certain
drugs and chemicals, including various additives used in
the manufacturing of plastics, these additives along with
environmental pollutants get adsorbed on the surface and
pose negative health impacts once ingested or inhaled by
humans [65], these nanoplastics also interact with the
cellular structures resulting in oxidative stress,
inflammation, and oxidative stress [66]. Nanoplastics also
have the potential for widespread human exposure as their
presence has been found in several environmental
matrices and atmospheric aerosols which ultimately results
in bioaccumulation of nanoplastics in drinking food and
water [67]. The entry of nanoplastics in humans occurs
through ingestion (via food and water), inhalation
(atmosphere), and dermal contact [68].

In Vitro and In Vivo research studies on the dose-
related relationship of nanoplastics including in vitro
studies using cell structures and in vivo studies using
animal models have suggested that there is a correlation
between the increased toxicological effects of nanoplastics
with an increased nanoplastic concentration [69]. Even
though the shreds of evidence on the toxicological effects
of nanoplastics on humans are limited, studies conducted
on animals have suggested the potential health risks that
chronic doses of nanoplastics can induce in human beings
[70].

A proper comprehension and characterization of the
risks of nanoplastics on human health can be achieved by
a combination of identification of hazards, dose-response
data, and exposure assessment. Multiple current research
conducted have also demonstrated the potential health
impacts of nanoplastics on humans, especially those with
pre-existing health conditions and compromised
immunity [71].

VIII. MANAGEMENT STRATEGIES OF
NANOPLASTIC-INDUCED TOXICITY

Based on the scientific evidence of safe exposure
levels, the government and international bodies should
establish regulatory standards for the concentration of
nanoplastics in consumer goods [72]. Effective
monitoring programs are important to ensure that they
comply with regulations which include regular testing of
food sources, water sources, and environmental samples
for the contamination of nanoplastics [73].

Education of the public about the sources and
associated  health  implications of  nanoplastic
contamination can prove to be effective in reducing its
exposure. The primary focus of these informative
campaigns should be proper disposal and waste
management of plastics and banning single-use plastic
items. People should also be encouraged to use consumer
goods with the least amount of plastic packaging which
could in turn encourage the consumer market demand for
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more sustainable and safer options. The liability of
exposure assessment and risk characterization of
nanoplastics can be improved by the advancements in
their analytical techniques with the help of which we can
easily quantify and detect nanoplastics in various sources.
The use of biodegradable and less harmful alternatives to
conventional plastic use and the development of materials
that degrade with non-toxic by-products can help reduce
the prevalence of nanoplastics. Along with that, enhanced
recycling techniques which include recycling of
microplastics, nanoplastics, and macroplastics should be
developed by the improvement of recycling rates and
techniques [74].

IX. CASE STUDY AND EXPERIMENTAL
PIECES OF EVIDENCE

According to a recent study published in the 2024
Journal Of Medicine, there is a significant correlation
between the exposure of nanoplastics with cardiovascular
events like attacks and strokes [75].

» Study Design:

The artery-clogging plaques from 257 patients who
had their carotid arteries surgically cleared were
examined by researchers. They discovered that most of
these patients had microplastics that were embedded in
their arterial plaques with the most common plastics
polythene and polyvinyl chloride, which is also widely used
in household items. The study conducted was designed as
a cross-sectional observational study which was aimed at
the identification of nanoplastics in the arterial plaques
and the correlation of these findings with the
corresponding cardiovascular events. It involved a
combination of both retrospective analysis of the medical
records and prospective collection of the plaque samples
from the patients who underwent or were undergoing
carotid endarterectomy.

> Key Findings:

The presence of microplastics in the arterial plaques
was associated with an increased risk of cardiovascular
events such as heart attacks, strokes, and even death. Out of
the study conducted on 257 patients who were
undergoing cardiac endarterectomy, 30 out of 150
patients with plastic-containing plaque experienced
serious cardiovascular events within 3 years in
comparison to 8 out of 107 in the plastic-free group. The
plagues that contained plastics also showed an increased
amount of inflammatory cytokines and other molecules
which suggested that nanoplastics might exaggerate
inflammation within the arteries which potentially leads
to the progression of cardiovascular diseases.

» Implications:

The findings in the study indicate the potential
cardiovascular health risks that are associated with
nanoplastic pollution and that the presence of these
small-sized plastic particles in arteries is alarming but also
that the exact mechanism with which they lead to certain
diseases is yet to be fully investigated. The researchers have
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also emphasized the need for a larger, longitudinal study
for the confirmation of this research and a better
understanding of the pathways through which
nanoplastics affect human health.

» Recommendations:

Reducing plastic pollution is urgently necessary,
given the possible health hazards this study highlights. This
involves encouraging people to use less plastic in their daily
lives and enacting policies to reduce the production of
plastic and improve waste management [76] [77].

X. CONCLUSION

From the above review of the literature, we can
conclude that nanoplastics have emerged as a significant
environmental concern with potential impacts on human
health. As these nanoplastics are extremely small in size,
they tend to infiltrate various ecosystems and find their
way to the food chain and ultimately in human bodies. To
efficiently tackle this nanoplastic pollution, it is also
crucial to address the sources of nanoplastic pollution and
development of mitigation strategies. These strategies can
include the use of single-use plastic items, advanced
recycling techniques, and improvement of waste
management practices. Along with this, constant research
practices should be conducted to properly identify the
safety guidelines for its exposure levels.

Even after all the research conducted in this area, the
full risks of nanoplastics-induced health effects on
humans are still uncertain and require further
investigation and precautionary measures. To efficiently
deal with this problem, cooperation is required at local,
national, and international levels along with the concerted
effort of scientists, policymakers, industries, and the
public. By taking proactive measures, we can deal with
risks posed by nanoplastics and ensure a safer
environment for future generations.
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