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Abstract- Air pollution is a pervasive public health
challenge, with extensive implications for human
health, encompassing respiratory, cardiovascular,
and systemic conditions. Chronic exposure to air
pollutants is increasingly recognized as a significant
risk factor for cancer, based on robust
epidemiological and mechanistic evidence. This
review examines the intricate relationship between
air pollution and cancer, integrating findings from
cellular biology, public health studies, and
environmental research. We emphasize key
pollutants—particulate matter (PM), nitrogen
dioxide (NO:), sulfur dioxide (S0:), ozone (0Os), and
volatile organic compounds (VOCs)—investigating
their sources, biological effects, and associated
cancer risks. Furthermore, the review highlights
vulnerable populations, global pollution trends, and
mitigation strategies. Enhanced understanding of
pollutant-specific carcinogenesis is vital for shaping
preventive interventions and policy actions.

Cancer initiation and progression due to air
pollution result from multifaceted interactions
involving oxidative stress, inflammation, DNA
damage, and epigenetic modifications.
Epidemiological studies link specific pollutants to
cancers such as lung, bladder, breast, and
hematological malignancies. Geographic and
socioeconomic disparities further complicate the
health impacts of air pollution, underscoring the
need for targeted research and localized strategies.
This comprehensive review calls for interdisciplinary
approaches to mitigate air pollution's carcinogenic
potential and improve global health outcomes.
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l. INTRODUCTION

The World Health Organization (WHO) estimates that
outdoor air pollution contributes to over 4.2 million
premature deaths annually, with cancer being a
notable cause. As urbanization and industrialization
accelerate, exposure to air pollution continues to rise,
presenting an escalating global health crisis. Air
pollution, encompassing a complex mixture of
particulate and gaseous pollutants, interacts with
biological systems in ways that promote cellular
damage, inflammation, and tumorigenesis. The
detrimental health effects of pollutants are particularly
evident in urban areas where population density
exacerbates exposure levels. While respiratory
diseases are well-recognized outcomes of pollution
exposure, the link to various cancers is increasingly
evident yet under-addressed.

This review synthesizes current evidence on the
association between air pollutants and cancer. It aims
to provide an integrated understanding of the
biological mechanisms underlying pollutant-induced
carcinogenesis, evaluate epidemiological findings,
and discuss disparities in exposure and health
outcomes. Moreover, this review highlights the
importance of incorporating air pollution mitigation in
public health policies and cancer prevention strategies,
advocating for interdisciplinary approaches to mitigate
the growing burden of air pollution-related cancer
globally.

1. TYPES OF AIR POLLUTANTS AND
THEIR SOURCES

Understanding the composition and origins of air
pollutants is essential for addressing their health
impacts. Air pollutants are broadly categorized as
particulate or gaseous, each contributing uniquely to
environmental degradation and human health risks.
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Particulate Matter (PM): PM includes fine
particles (PMz.s) with a diameter less than 2.5
micrometers and coarse particles (PMio) with a
diameter less than 10 micrometers. These
particles originate from various sources, including
vehicular  emissions, industrial  processes,
agricultural activities, and natural phenomena like
wildfires, volcanic eruptions, and dust storms.
PM..s is particularly hazardous due to its ability to
penetrate deep into the respiratory system and
enter the bloodstream. Exposure to high levels of
PM is associated with oxidative stress, systemic
inflammation, and tissue damage, all of which are
precursors to carcinogenesis.

Nitrogen Dioxide (NO2): NO: is primarily emitted
from vehicular exhaust and industrial combustion
processes. It serves as a precursor to secondary
pollutants like ozone and particulate nitrates,
contributing significantly to photochemical smog.
Prolonged exposure to NO: exacerbates
respiratory inflammation and is increasingly
linked to lung cancer and other respiratory
malignancies.

Sulfur Dioxide (SO:): Produced through the
combustion of fossil fuels containing sulfur and
industrial operations like metal smelting, SO: is a
major environmental pollutant. It causes irritation
of the respiratory tract and systemic
inflammation. Moreover, SO: acts as a precursor
to fine sulfate particles that are particularly
harmful when inhaled over prolonged periods.
Ozone (0Os): A secondary pollutant formed
through  photochemical reactions involving
nitrogen oxides (NO,) and volatile organic
compounds (VOCs), ground-level ozone is a
potent respiratory irritant. Unlike its protective
stratospheric counterpart, ground-level ozone
exacerbates oxidative stress and cellular damage
in lung tissues, increasing the risk of cancer.
Volatile Organic Compounds (VOCs): VOCs
include a wide range of organic chemicals such as
benzene, toluene, ethylbenzene, and xylene
(BTEX), which are emitted from industrial
solvents, vehicular emissions, and consumer
products like paints and cleaning agents. Benzene,
a well-known carcinogen, is particularly
associated with hematological malignancies,
including leukemia.

I1l.  EXPERIMENTAL WORKS

Air pollutants influence cellular and molecular
pathways that underpin carcinogenesis. These
mechanisms are multifaceted and vary depending on
the specific pollutant, exposure levels, and individual
susceptibility.

1. Oxidative Stress: Reactive oxygen species
(ROS) generated by pollutants such as
particulate matter (PM) and ozone attack
cellular macromolecules, including DNA,
lipids, and proteins. This oxidative damage
initiates mutations and promotes genomic
instability, both of which are fundamental steps
in tumorigenesis. Oxidative stress also activates
signaling pathways like MAPK and NF-kB,
which are associated with inflammation and
cancer progression.

2. Inflammatory Responses: Chronic exposure to
air pollutants triggers the activation of pro-
inflammatory cytokines and chemokines. For
instance, pollutants like NO. and PM activate
nuclear factor kappa-light-chain-enhancer of
activated B cells (NF-xB), a transcription factor
that fosters a tumor-promoting
microenvironment by inducing cell
proliferation and inhibiting apoptosis.

3. DNA Damage and Repair Inhibition: Pollutants
such as benzene and nitrogen dioxide disrupt
cellular DNA repair mechanisms, including
base excision repair (BER) and nucleotide
excision repair (NER). These disruptions result
in the accumulation of genetic mutations,
increasing cancer risk.

4, Epigenetic Alterations: Air pollution exposure
alters DNA methylation patterns, histone
modifications, and microRNA expression.
These epigenetic changes can lead to the
activation of oncogenes or the silencing of
tumor suppressor genes, thereby influencing
cancer development.

5. Endocrine Disruption: VOCs such as benzene
and toluene mimic or interfere with hormonal
signaling pathways. This disruption is
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particularly implicated in hormone-sensitive
cancers, such as breast and prostate cancers.

(AVA EPIDEMIOLOGICAL EVIDENCE

Epidemiological studies provide robust evidence
linking air pollution to a range of cancers. These
studies highlight the dose-response relationship
between pollutant exposure and cancer incidence.

1. Lung Cancer: PM..s is classified as a Group 1
carcinogen by the International Agency for
Research on Cancer (IARC). Studies
demonstrate that for every 10 pg/m3 increase in
PMa.s exposure, the risk of lung cancer rises by
approximately 8%. This correlation is
particularly pronounced in urban regions with
high vehicular emissions.

2. Bladder Cancer: Urban areas with significant
industrial emissions report higher incidences of
bladder cancer, attributed to exposure to
benzene and polycyclic aromatic hydrocarbons
(PAHS). These pollutants form DNA adducts,
leading to mutagenesis in bladder epithelial
cells.

3. Breast Cancer: Long-term exposure to traffic-
related air pollutants, including NO: and PM,
correlates  with elevated breast cancer
incidence. The proposed mechanisms include
oxidative stress and endocrine disruption by
VOCs.

4. Hematological Malignancies: Benzene
exposure, particularly in industrial and

to pollutant-induced damage. Prenatal exposure
to air pollutants, such as benzene, has been
linked to an increased risk of childhood
leukemia.

Elderly: The aging process is accompanied by
a decline in detoxification capacity and the
accumulation of chronic health conditions,
making the elderly more susceptible to
pollution-induced  carcinogenesis.  Studies
indicate that older adults exposed to high levels
of PM..s have a heightened risk of lung cancer
and other malignancies.

Low-Income Communities: Socioeconomic
disparities often result in low-income
populations living closer to industrial zones or
highways, where pollutant levels are higher.
Limited access to healthcare further
exacerbates the impact of pollution on these
communities.

Occupational Groups: Workers in industries
such as petrochemicals, mining, and
construction face prolonged exposure to
carcinogenic pollutants like benzene, ashestos,
and diesel exhaust. These exposures
significantly increase their cancer risk.

VI. REGIONAL AND GLOBAL TRENDS

Air pollution levels and associated health impacts

occupational settings, is strongly associated
with leukemia and lymphomas. Cohort studies
among petrochemical workers have

vary widely across regions due to differences in
industrialization, regulatory frameworks, and
environmental policies.

consistently shown higher rates of acute
myeloid leukemia (AML).

V. VULNERABLE POPULATIONS

Certain populations are disproportionately affected by
the carcinogenic effects of air pollution due to
physiological, environmental, and socioeconomic
factors:

1. Children:  Developing  organs,  higher
respiratory rates, and immature immune
systems make children particularly vulnerable

Developed Nations: Regulatory frameworks
like the Clean Air Act in the United States and
stringent emission standards in the European
Union have significantly reduced air pollution
levels over the past decades. However, urban
hotspots with dense traffic and industrial
activities remain problematic.

Developing Nations: Rapid urbanization,
industrial growth, and weak enforcement of
environmental regulations contribute to
alarmingly high levels of air pollution in
developing countries. Cities such as Delhi,
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Beijing, and Lagos frequently report pollutant
concentrations far exceeding WHO guidelines.
These regions also face challenges in
monitoring  pollution and implementing
effective mitigation strategies.

VII. PUBLIC HEALTH IMPLICATIONS
AND MITIGATION STRATEGIES

Addressing the carcinogenic potential of air pollution
necessitates coordinated efforts across policy,
technology, and public health domains:

1. Policy Interventions: Implementing stricter
emissions standards, transitioning to renewable
energy, and improving waste management
practices are critical for reducing pollutant
levels.

2. Awareness Campaigns: Educating
communities about the health risks of air
pollution and promoting sustainable practices,
such as reduced vehicle use and increased
energy efficiency, can mitigate exposure.

3. Healthcare Initiatives: Integrating air pollution
metrics into cancer screening programs and
expanding access to preventive healthcare in
high-risk areas can improve early detection and
outcomes.

4. Technological Innovations: The adoption of
carbon capture and storage technologies,
electric  vehicles, and cleaner industrial
processes can significantly lower emissions.

VIIl.  CONCLUSION

Air pollution represents a significant yet preventable
contributor to cancer. By prioritizing research,
implementing effective policies, and fostering
international collaboration, the global community can
mitigate its impact and protect public health.
Strengthened efforts in regulation, public awareness,
and technological innovation are essential to reduce
the cancer burden associated with air pollution.
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IX. GRAPHS

The following visualizations illustrate trends in air
pollutants and cancer incidence:
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