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ABSTRACT

Nanoparticles (NPs) are becoming more and more significant every day because of their profound effect on human
health. The ability of NPs levels to differentiate between natural and artificial causes of air pollution makes them an
essential indicator. Due to their ultrafine size, which enables them to stay suspended in the environment for prolonged
periods of time, they can cause a range of health issues and move farther. Indoor and outdoor conditions can both
cause respiratory and cardiovascular diseases caused by NPs. Exposure to nicotine products at work, home, and through
passive smoking has been associated with side effects such as dyspnea, thin septum and elevated levels of interleukin
protein and tumor necrosis factor (TNF-o), which can lead to tumor growth in the exposed population. This
comprehensive volume compiles information on the origin, exposure and impacts of NPs on numerous organ systems.
For researchers exploring air nanoparticles in the fields of epidemiology, this chapter provides background information
and scientific data.
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INTRODUCTION

NPs, which have diameters ranging from 1 to 100 nm, are one of the different sizes of particles that can be found in
the environment. Particles in the environment that range in diameter from 0.1 to 10 um stay there for approximately one
week. The only mechanisms that can possibly remove small particles from the mixture are coagulation and diffusion;
settling can remove larger particulate debris.Furthermore, the main reasons why NPs are difficult to remove from the
atmosphere and represent a risk to human health are their fine size and extended atmospheric retention duration
(Sonwani et al., 2021). In addition to being created in the bodies of insects, plants and people, nanoparticles are also
released via combustion processes, forest fires, automobile exhaust, and industrial emissions (Jeevanandam et al., 2018).
The high rates of urbanization, industrialization, vehicle emissions, extreme events (such as dust storms, volcanic eruptions,
forest fires, etc.) and episodic events (like fireworks and crop residue burning) in Asia contribute to the region's high
concentration of nanoparticles in the atmosphere (Saxena et al., 2020 and Sonwani et al., 2001).

Titanium dioxide nanoparticles, or TiO2 NPs, are the most commonly produced nanomaterial and are used in personal
hygiene products, food additives, pigments and photocatalysis. These nanoparticles represent the cutting edge of a rapidly
expanding discipline of nanotechnology. Titanium dioxide (TiO2) is the most often utilized and longest-produced of all
these nanomaterials. These TiO2 nanoparticles are extensively utilized in the commercial sector, particularly in the
cosmetics industry. High consumption in this method has made the effects of human population toxicity worse. Numerous
investigations have demonstrated that the lungs, heart, liver, spleen, kidneys, alimentary canal and heart all gathered TiO2
NPs following oral exposure or inhalation.

Furthermore, they disrupt the equilibrium of glucose and lipids in mice and rats. TiO2 nanoparticles are mostly
harmful because they induce oxidative stress, which can lead to immunological reactions, genotoxicity, inflammation, and
cell damage. Degradation type and intensity are significantly influenced by the physical and chemical properties of TiO2
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nanoparticles, which regulate their reactivity and bioavailability. According to research, TiO2 NPs have the ability to break
DNA strands and harm chromosomes. The consequences of genotoxicity are influenced by a number of factors, including
exposure route, size and change of the particle surface. The majority of these symptoms can be the consequence of a very
high TiO2 NP dosage. Although more TiO2 NPs are being produced and employed, epidemiological data are still scarce
(Shabbir et al.,, 2021). The potential health harm that the increasing amount of nanoparticles (NPs) in our environment may
pose to human health must be investigated as soon as possible. Thus, more research is required to evaluate various
biological endpoints and use various human cell models as targets.

Source of Nanoparticles
Natural and manmade processes are the two potential sources of nanoparticles in the atmosphere.
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Fig. 1: Sources of nanoparticle emissions into the environment, both man-made and natural (adapted from Buzea and
Pacheco, 2017).

Natural Source

About 10.5% of the aerosols in the atmosphere are produced by human activities; the remaining 90% are created by
nature (Pipal et al., 2014; Jeevanandam et al., 2018; Sonwani and Saxena, 2021). In nature, nanoparticles are everywhere
and originate from a multitude of sources, including sea spray, forest fires, volcanic eruptions, landslides, dust storms and
biogenic emissions. Because of their tendency to react with air particles and clouds, organic chemicals make up a
significant fraction of atmospheric nanoparticles.

Nitrogen oxides, volatile organic compounds, and primary organic aerosols are abundant in ambient air due to both
natural and anthropogenic sources. These substances eventually combine to form secondary organic aerosols, or SOA
(Tiwari and Saxena, 2021). Numerous studies (Sonwani et al, 2016) estimate that 90% of SOA generated globally is
produced by biogenic volatile organic compounds (bVOCs).

Location-specific factors, such as the kinds of local sources and their relative contributions, greatly influence the
chemical composition of nanoparticles (NPs). The roles of NPs in varying ambient atmospheres have not been extensively
researched. According to a Pittsburgh study, organic carbon (OC) and ammonium and sulfate salts, which make up 45-55%
and 35-40% of NPs, respectively, are the main components of NPs. Furthermore, incomplete burning and geological
origins make up the other main atmospheric causes of nanoparticle production.The main combustion-generated sources
are forest fires and volcanic eruptions, while the main geological sources are earthquakes, glaciers, dust storms and
volcanic eruptions (Strambeanu et al., 2015).

Human-based Source

In comparison to natural sources, anthropogenic sources of nanoparticles are found primarily in urban areas.
Intentional and inadvertent anthropogenic sources are distinguished. Burning biomass, incinerating non-biodegradable
garbage, and incomplete combustion from autos and factories are examples of unintentional sources. One deliberate
source of NPs is the application of pesticides and fertilizers, which generates large amounts of them. Non-primary and
secondary sources are another division of NPs based on origin. Transportation-related activities, industrial emissions,



374

resource mining, and energy generation are examples of primary sources. Both stationary and mobile primary sources are
possible. Stationary sources of emissions include mining operations, thermal power plants, and the chemical and
metallurgical sectors. The largest source of NPs is thermal power plants, especially in metropolises and semi-urban/rural
areas where there are more of them than anywhere else (Sonwani et al, 2021). The bulk of the sources of mobility,
according to (Strambeanu et al, 2015), include engines, extra-atmospheric rocket launches, automobiles, ships,
submarines, airplanes, and engines.

The sharp increase in the number of cars on the road is one of the main causes of air pollution. In 2002, there were
more than one billion cars on the road worldwide, and the number has only increased since then. Carbon monoxide (CO),
hydrocarbons (HCs), nitrogen oxides (NOx), sulfur oxides (SOx), particulate matter (PM), volatile organic compounds
(VOCs) and their secondary consequences are the main components of exhaust, according to Banerjee and Christian
(2018). The second-largest sources of anthropogenic NPs emissions into the atmosphere are the mining and construction
sectors. Indirect processes including decantation, sedimentation, and flotation can also produce nanoparticles (NPs); direct
production of NPs can occur via surface mining and excavation through mine shafts (Strambeanu et al, 2015).
Meteorology and demolition methods both have an impact on the amount of NPs in the atmosphere. In addition to dust,
one can find lead, glass, wood and other dangerous particles at demolition sites, as well as respirable asbestos fibers.
These particles can travel quite far into the atmosphere and sometimes they form dust clouds that can reach several
kilometers, affecting nearby areas (Kumar et al., 2013).

Movement of NPs Across Borders

An additional significant factor in enhancing the pollution load and atmospheric concentration of particulates in a
given area is the transboundary migration of air pollutants. Since air mass migration from desert and ocean areas includes
a range of minerals and salts in addition to tiny particles, it has a considerable impact on the quality of the air in remote
areas (Sonwani and Saxena, 2021). For instance, seasonal disturbances are brought to the Caribbean basin by the
transportation of mineral dust from Africa (Buzea and Pacheco, 2017). The forest fires in 1997 and the volcanic eruptions in
Iceland in 2011 caused comparable environmental destruction in Asia, especially in Singapore and Malaysia.Numerous
writers from all over the world, especially in South Asia, have reported on the transportation of fine particle emissions from
anthropogenic sources (Saxena et al-2020). Roughly 70-80 million tons of crop residue are burned each year, contributing
significantly to air pollution and aggravating respiratory disorders. In October and November, daily newspapers in
Northern India carried stories on the frequent occurrences of dense clouds of smog caused by farmers burning agricultural
waste, which reduced visibility and raised the Air Quality Index (AQI) to an extreme level. In pre-monsoon Asia (March to
early June), temperatures and wind speeds are higher than in other seasons, which makes dust storms more frequent
(Badarinath et al., 2009).

Table 1: Indicates Effects of nano-particles on various organ of body

S. No Biological System Target Organ Effect of Nanoparticles Reference
1 Neural System Epithelial lining and DNA damage, apoptosis Valdiglesias et al,
Brain And hormonal imbalance 2013; Pujalté et al,
2011

2 Endocrine System Epithelial lining, Thyroid Oxidative Stress, Apoptosis, Overproduction of Jaing et al,, 2019
and Hormone Receptors T3 hormone and blocking of signal cascades Leso et al,, 2018

3 Respiratory Lungs Inflammation, Oxidative Stress and Genotoxicity Clif et al.,, 2014
System Sharma et al., 2012
4 Cardiovascular Heart Increase blood pressure and Decrease Heart Yu et al., 2016
System Rate
5 Excretory System Kidney Nephrotoxicity, DNA damage, Shrinkage of Sramkova et al., 2019
Epithelial lining Kidney Cell and Vasoconstriction
6 Digestive System Stomac Increase mucus production, Inflammation and Georgantzopoulou et
Intestine Accumulation in lamina propria al, 2015

Impact of Nanoparticles on the Respiratory System and Inhalation Exposure

When humans inhale nanoparticles, they can cause a variety of respiratory disorders. According to Esztati et al. (2004),
indoor air pollution from burning home fuel is the eighth-largest risk factor for the worldwide burden of disease. The
primary cause of indoor nanoparticle pollution in homes is smoke from inefficient stoves and biomass fuels, which are
most frequently used in rural regions. Ignorance and customs are the main barriers preventing rural populations from
switching to contemporary chulas and eco-friendly fuels. Unprocessed biomass solid fuel, which is 50 times more polluting
than gas stoves, is the most popular fuel used for residential cooking in rural areas (Ravindra et al., 2019). Another frequent
cause of NPs exposure is cigarette smoking. It has been observed that a single cigarette releases nearly 8.8 x 109
nanoparticles. There are few research on distinguishing the various types of particles found in cigarette smoke, perhaps
due to the large concentrations of particles and their quick dilution in air. An investigation conducted in the Netherlands
provided experimental evidence of the direct correlation between a greater number of NPs and a longer puff length and
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higher tar concentration in a single cigarette.

NP exposure at work poses health risks that are more prevalent in poor and underdeveloped countries. Traffic officers
have been found to have higher incidences of respiratory and cardiovascular conditions as a result of their prolonged
exposure to vehicle emissions. In a joint study conducted in 2017 by the United Kingdom and India, various medical tests
of 532 traffic cops exposed to air nanoparticles were compared with 150 office workers working interior environments.
According to the findings, there were 50% higher incidences of thick sputum, joint discomfort, and dyspnea in the traffic
cops (Bajaj et al., 2017).
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Fig. 2: Overview of pathway of nanoparticles from inhalation to disease site.

Inhalation

The human lung has an internal surface area of approximately 75-140 m2 and approximately 3,00,106 alveoli. The
lungs are the main site of entry for nanoparticles into the body because of their direct contact with the external
environment. According to Pacurari et al. (2016), they are also thought to be important and the primary focus of study on
the effects of nanoparticles. Air enters the body through the mouth, nose, and throat, travels through the tracheobronchial
tree, and then arrives in the alveoli. The Weibel bifurcating tubes model can be used to depict the conducting zone and
respiratory zone, which were previously covered in depth and establish the contour of the respiratory airway. Particle
transit is influenced by this structure. Furthermore, some of them can enter the cardiovascular system and other internal
organs by overcoming alveolar epithelium and capillary endothelial cells (Qiao et al., 2015). Furthermore, deep into the
cytoplasm and karyoplasm of the pulmonary epithelium and mesothelial cells of the lungs, electron imaging demonstrates
that nanoparticle penetration can occur in both the outer and inner cellular compartments (Bakand et al., 2012).

Deposition

The aerodynamic dimension of the particle determines where NP will deposit in the respiratory tract (Ferreira et al,
2013). Larger diameter fibers are mainly deposited in the respiratory airways' "saddle points" where they branch off. As a
result, they are unable to enter the respiratory system very far. For smaller particles, Brownian motions dominate the
deposition process. Aerosol nanoparticles (NPs) measuring 20 nm or less have been found to elude most clearance
systems and end up in the alveolar region of the lungs after 24 hours of inhalation, according to data gathered by energy
filtering transmission electron microscopy (EFTEM).

Lung Burden

It is demonstrated that there are notable differences in the lung behavior of soluble and insoluble particulate matter
(NPs). Once dissolved in aqueous solution, soluble nanoparticles enter the circulatory systems. By the way of macrophage
phagocytosis or mucociliary escalator, on the other hand, the insoluble NPs (black carbon) are eliminated (Buzea et al.,
2007). According to reports, insoluble particulate matter is responsible for increased inflammation, lung tumors, and tissue
damage (Ferreira et al., 2013). Lung damage results from the insoluble particulates accumulating more quickly than the
ability of macrophages to clean them. As a result, the lungs' defense mechanisms are unable to function. Additionally, it
was found that the bronchoalveolar lavage fluid's shortened half-life of IL-1B and TGF-B1 induces acute lung inflammation.
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Increased exposure durations, however, lead to the production of collagen, which irritates the lungs and can induce
pulmonary fibrosis (Lin et al., 2014).

Nano-Toxicity

The pseudostratified epithelium that makes up the lung-blood stream barrier is present in human lungs. The mucous
layer covers the thin columnar epithelium, bronchial epithelium (3-5 mm) and bronchiolar epithelium (0.5-1 mm), which
make up the airways (Prapathawatvet et al., 2020). Since there are more than forty different cell types that make up lung
tissue, a number of cell models were developed and assessed to look into the overall effects of nanoparticles on the lungs.
The main focus of NP exposure is the epithelium of the respiratory system. A549, which is derived from human lung
adenocarcinomas, is the most often used cell line for toxicity testing; Calu-3, 16HBE140- and BEAS-2B cell lines are utilized
as models for the bronchial barrier system.
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Fig. 3: Effects of toxicity caused by nanoparticles on human body (adapted from Li et al., 2010; Chakraborty et al., 2018).

According to Donaldson et al. (2005), the damage that nanoparticles (NPs) inflict to the respiratory system is inversely
proportionate to their size, since smaller particles are more easily deposited in the distal portions of the throat.
Herein, four primary categories of nanoparticle toxicological impacts are examined.
® Stress Caused by Oxidation
® |nflammation
@® Genotoxicity
® The ability to grow

Oxidative Stress

The main effect of nanotoxicity is oxidative stress, which is brought on by an imbalance between antioxidants and free
radicals in the body. According to Sharma et al. (2012), this leads to an imbalance in the respiratory system when excess
free radicals with an unbalanced number of electrons accidentally react with other molecules. Reactive oxygen species
(ROS) production. The production of reactive oxygen species (ROS) is a major oxidative mechanism that damages human
lungs. According to Donaldson et al. (2010), NPs' involvement in the electron transport chain of the cell's mitochondria
causes an excess of reactive oxygen species (ROS). According to Martin and Sarkar (2017), metallic NPs can trigger Fenton-
type reactions that lead to free-radical-mediated toxicity, whereas carbon NPs are known to affect mitochondrial functions.
According to Li et al. (2008), Fenton's reaction is the process that produces exceptionally reactive hydroxyl radicals (OH-)
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when hydrogen peroxide (H202) has an enhanced potential due to specific metals' unique oxygen transfer characteristics.
The surface groups' catalytic activity determines how much ROS is created by a specific NP. About 10% of the
molecules in a particle with a size of 30 nm are expressed, compared to only about 20% and 50% of the molecules in
particles with a size of 10 and 3 nm, respectively (Hao and Chen, 2012). As nanoparticles are deposited, molecular oxygen-
dependent superoxide anion radicals (02-2), H202 and hydroxyl radicals (OH-) are produced. It has been demonstrated
that BEAS-2B bronchial epithelial cells respond cytotoxically to several chemical species. Additionally, it was noted that the
respiratory system releases neutrophils and macrophages, which are inflammatory phagocytes, in reaction to particulates.

Inflammation

There are two types of immune systems in humans: innate and adaptive. The innate immune system is the body's
initial line of defense against any foreign particle that gets inside. If the foreign particle (antigen) cannot be neutralized by
the innate immune system, the much more powerful and complex adaptive immune system is activated. The body's
dendritic cells carry out this activation. Because they are foreign particles, nanoparticles also trigger the activation of
dendritic cells, which release ROS, chemokines and cytokines and stimulate naive T-cells and different inflammasomes.
Factors that Determine Inflammation. NPs trigger an inflammatory response in the respiratory system, just like they do in
other body systems (Padmanabhan and Kyriakides, 2015). The zeta potential (§P) of a particle is a well-known indicator of
its capacity to induce inflammation. The electric potential generated by the interaction of charged groups (found on a
particle's surface) with the suspension medium is known as &P. A particle with more positively charged groups on its
surface will be more soluble in the acidic medium of the human body. This will enhance the particle's interaction with
macrophages, leading to an inflammatory response (Schins, 2013).

The amount of white blood cells (WBCs) in the blood is another sign of inflammation in the body. An elevated WBC
count above normal indicates inflammation and consequently, a reduction in immunity. Inhaled nanoparticles trigger the
release of pro-inflammatory hormones when they settle in the lungs and interact with the main immune system, the
alveolar macrophages. Thus, the dormant macrophages are aroused to facilitate the transport of several pro-inflammatory
cytokines (IL-1 family, IL-6, IL-8, and i-CAM pro-inflammatory protein synthesis) to the affected location (Clift et al.,, 2011;
Foldbjerg et al.,, 2011).

Genotoxicity

Inflammation or oxidative stress can produce genotoxicity indirectly, or NPs can directly interact with DNA to cause it.
Genotoxicity can be separated into major and secondary categories based on various studies and the ensuing effects.
Primary genotoxicity is the state in which minuscule particles penetrate the nucleus and modify DNA. There is another
significant indirect process that is linked to the DNA repair cascade. Secondary genotoxicity is caused by NP-induced
oxidative stress and inflammation (Zhu et al., 2013; Magdolenova et al., 2014).

DNA oxidation causes carcinogenic changes, such as adenine and guanine hydroxylation, which results in the creation
of DNA adducts (Berube et al.,, 2007). When specific carcinogens are present in DNA, covalent changes take place that lead
to DNA adducts. Particulate carcinogens can penetrate cellular membranes and the nucleus directly. Examples of such
substances include asbestos and crystalline silica. According to Magdolenova et al. (2014), they then interact with and
disturb the many components of the mitotic spindle's process and functionality, leading to dysfunctionalities. All biological
functions, including mitosis, DNA replication and DNA transcription into mRNA, can be interfered with by these foreign
particles. NPs unintentionally promote mistakes in nuclear processes indirectly by binding to the nuclear proteins
responsible for DNA repair mechanisms and interfering with their function. Topoisomerases are the enzymes responsible
for carrying out this repair cascade. Human topoisomerase-Il alpha has been shown to bind to Carbon-60 fullerenes in the
ATP-binding domain, which can interfere with the enzyme's ability to function as an enzyme (Magdolenova et al., 2014).

Tumourigenecity

A network of proteins in a cell called the MAPK/ERK pathway, also known as the Ras-Raf-MEK-ERK pathway, is
responsible for transmitting signals from surface receptors to DNA found in the nucleus. When a signaling molecule
attaches to the epidermal growth factor receptor (EGFR) receptor on the cell surface, the signal is initiated. When this
receptor is in its normal state, external ligands like epidermal growth factors bind to it, phosphorylate it, activate it and
trigger a series of docking proteins that eventually produce mRNA, which is then translated to build other proteins. Here,
these receptors are interacting with ROS and occasionally direct NPs, and because of the altered DNA code, aberrant
proteins may or may not arise. The formation of many cancers begins at a fundamental stage when one of the pathway's
proteins mutates and becomes stuck in the "on" or "off" position. The body produces higher amounts of 8-hydroxy-2'-
deoxyguanosine (8-OHdG) as a result of the entrance of NPs. Tumors can arise from 8-OHdG-induced G-to-T transversion
mutations in important genes implicated in the development of cancer (Guo et al., 2017). As a result, the incidence of
carcinogenicity, which reduces immunity, is directly correlated with an elevated level of 8-OHdG.

Effect of NPs on Digestive System
The digestive system, sometimes referred to as the gastrointestinal tract, is primarily composed of the oesophagus,
stomach, and intestines. Food and drink are the main routes via which NP reaches the intestines. Interleukin-8 is elevated
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by silver nanoparticles, and this is directly associated with inflammation and increased mucus formation
(Georgantzopoulou et al.,, 2015). Certain nanoparticles (NPs) can disturb the layers of mucous and epithelial cells by
penetrating blood vessels and avoiding the junctions between intestinal epithelial cells. That depends on how big they are.

Depending on their size, certain nanoparticles (NPs) have the ability to break through the intestinal epithelial cell
junctions and cause damage to the mucus and epithelial cell layers in blood vessels. Furthermore, they eventually
congregate in the intestinal lamina propria, where they impede the function of goblet cells. The rate of NP formation rises
if an individual already has underlying medical disorders that cause inflammation in the intestinal regions, such as Crohn's
disease or ulcerative colitis (Jones et al., 2015). As a result, toxicity levels rise, increasing the incidence of carcinomas and
colon cancer.
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Impact of Nanoparticles on the Cardiovascular System

NPs can enter our bodies through the mouth or respiratory system and travel through the digestive tract before
entering the circulatory system. These can significantly affect the way the system usually operates. According to Yu et al.
(2016), some of the early effects of NPs on the cardiovascular system include changed vascular tone and dysfunction, a
lowered heart rate, and elevated blood pressure. Nanoparticles (NPs) can affect our bodies in a variety of ways, depending
on their concentration, physical characteristics, and duration of retention. These effects can include angiogenic or
antiangiogenic, vasodilation or constriction, pro-oxidant or antioxidant, cytotoxic, apoptotic, or phagocytic (Gonzalez et al.,
2016).

The two effects of silver nanoparticles (Silver NPs) on blood composition are antagonistic: angiogenesis (the formation
of new blood vessels) and membrane permeability. These days, pacemakers, medications and related antibodies all contain
silver nanoparticles. Garcia and associates (2016). TiO2 NPs can accumulate in the heart after prolonged exposure and
result in inflammation, cellular necrosis, sparse cardiac muscle fibers and cardiac biochemical malfunction. In addition to
cardiac ischemia damage and atrioventricular occlusion, a study on SiO2 NPs in aged rats showed elevated blood viscosity
and Fbg levels (Yu et al., 2016).

Impact of Nano-particles on the Excretory Organ System

The toxicity of a particle rises with its size, according to Wang et al. (2009). Indicators of apoptosis, such as shrinkage
and nuclear condensation, were observed in kidney cells treated to SiO2 nanoparticles at dosage levels of 20-100 pg/ml in
this investigation on HEK293 cells, or cultured human embryonic kidney cells. Furthermore, oxidative stress activation and
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ROS formation in HEK293 cells imply the possibility of nephrotoxicity for nanoparticles. Impaired nephrotoxic potential can
cause cerebral epilepsy by disrupting nephron elasticity. To evaluate the cytotoxicity of NPs, Pujalté et al. (2011)
additionally employed the glomerular mesangial (IP15) and epithelial proximal (HK-2) cell lines.

Impact of Nanoparticles on the Endocrine System

The kidney is highly vulnerable to xenobiotics and the bioaccumulation of toxins because each kidney nephron
includes a network of blood capillaries that filter toxins from blood (Pujalté et al in 2011). After glomerular filtration, NPs
typically gather in the proximal convoluted tubules (PCT), where tubular cells may endocytose the particles. TH1 cells
treated to inorganic NPs were demonstrated to display DNA damage in addition to an acceleration of NP-induced
nephrotoxicity (Sramkova et al., 2019). According to Pujalté et al. (2011), there was a similar result observed in another
investigation when copper nanoparticles were introduced to the tubular cells of mice. This will lead to chromosomal
anomalies as well as genetic diseases.

Impact of Nanoparticles on the Reproductive System

It has been established that the buildup of NPs is one of the primary causes of the present increase in cases of
infertility. According to Zhang et al. (2020), sperm concentration and motility rates were found to be decreased and sperm
abnormalities rates were elevated when silica NPs, which are frequently found in workplaces, were administered to rats in
an experimental investigation that involved a high-fat diet. Significant sperm DNA integrity loss was seen as a result of the
genotoxic effects of TiO2 NPs, which are demonstrated when they breach the blood-testis barrier and produce
inflammation and cytotoxicity (Santonastaso et al., 2019).

According to one study, a subject administered MoO3 had a marked reduction in the weight of both the uterus and
the right ovary, which eventually had a negative impact on reproduction (Asadi et al, 2019). Consequently, NPs play a
major role in lowering birth rates and birth defects in their progeny. These conditions are frequently observed in females
living in urban areas who are regularly exposed to air pollutants such particle matter (NPs).

Conclusion

Nanoparticle exposure can result in major respiratory and cardiovascular disorders, as is widely known from their
health impacts. Epidemiological and toxicological studies have shown that nanoparticles are significantly more harmful
than coarser particles because of their ultrafine size, chemical reactivity, and prolonged residence time in the environment.
Furthermore, a correlation has been noted between the size of the particles and their capacity to go deep into the lungs.
Nanoparticles can originate from man-made sources such as industrial emissions, forest fires, dust storms, volcanic
eruptions and welding fumes, as well as natural sources like cigarette smoke and vehicle emissions. Nanoparticles (NPs)
damage and delete segments of single- and double-stranded DNA and cause genetic material mutations that result in
lung cancer and neoplasms. In addition to damaging the lungs, nanoparticles (NPs) also impair the cardiovascular and
gastrointestinal systems, which can result in ulcers and cardiac arrest, respectively. Because of the buildup of NP, comorbid
patients are constantly more vulnerable to many health issues.
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