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ABSTRACT: Background: Ambient air pollution, particularly particulate matter (PM)
arising from dust, industrial emissions, and vehicular exhaust, constitutes the world's largest
single environmental health risk. Objective: This article examines the pathophysiological
mechanisms by which inhaled particulate matter damages multiple organ systems, reviews
epidemiological evidence linking dust exposure to specific disease outcomes, and evaluates
public health interventions for mitigation. Methods: Narrative review of primary studies,
systematic reviews, and reports from WHO, IARC, and national environmental agencies
published between 2005 and 2024. Results: Inhalation of PM2.5 and coarser particles triggers
pulmonary inflammation, oxidative stress, systemic vascular injury, neurological impairment,
and carcinogenesis. An estimated 6.7 million deaths annually are attributable to ambient air
pollution. Conclusion: Urgent regulatory action, technological innovation, and individual
protective measures are required to reduce the disease burden of particulate air pollution
globally.

1. INTRODUCTION

Air pollution represents the most consequential environmental threat to human health
globally, responsible for an estimated 6.7 million premature deaths annually according to the
WHO's 2024 Global Burden of Disease analysis. Among the constituents of polluted air,
particulate matter (PM) — suspended solid particles and liquid droplets of varying size — is the
component most extensively studied and most directly linked to respiratory, cardiovascular,
neurological, and carcinogenic outcomes.

Particulate matter is classified by aerodynamic diameter: PM10 (particles <10 micrometers,
including coarse dust), PM2.5 (fine particles <2.5 micrometers, including combustion products,
traffic emissions, and secondary aerosols), and ultrafine particles (UFP, <0.1 micrometers).
Smaller particles penetrate deeper into the respiratory tract: PM10 deposits in the upper airways
and bronchi, PM2.5 reaches the alveoli, and UFP can translocate across the alveolar membrane
into the bloodstream, reaching distant organs including the brain, liver, and reproductive organs.

Dust — encompassing mineral dust, agricultural dust, and desert aerosols — is a dominant
source of PM in arid and semi-arid regions. Central Asia, including Uzbekistan and neighboring
countries, experiences some of the world's highest concentrations of mineral dust, originating
from the Aralkum Desert (the dried bed of the Aral Sea), the Kyzylkum Desert, and intensive
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agricultural operations. The Aral Sea crisis has dramatically amplified regional dust exposure,
depositing salt-laden, pesticide-contaminated aerosols across densely populated areas.

This review aims to provide a mechanistic and epidemiological framework for
understanding how dust and particulate air pollution harm human health, with specific attention
to vulnerable populations and Central Asian exposures.

2. METHODS

This narrative review searched PubMed, Embase, Environmental Health Perspectives, and
Web of Science using terms including: 'particulate matter health effects,’ 'PM2.5 respiratory
disease,’ 'dust inhalation toxicology,' 'air pollution cardiovascular,' 'neurological effects PM,’
'Aral Sea dust health,' and 'Central Asia air pollution.' Studies from 2005 to 2024 were included,
prioritizing systematic reviews, meta-analyses, and large prospective cohort studies. WHO air
quality guidelines (2021 update), IARC classifications, and reports from the European
Environment Agency were consulted. Regional literature on Central Asian air quality was
specifically sought through Google Scholar and regional health ministry publications.

3. RESULTS

3.1 Respiratory Effects

The lung is the primary site of PM deposition and injury. Upon inhalation, particles interact
with the mucous lining of the airways, alveolar epithelial cells, and resident immune cells
(alveolar macrophages and dendritic cells). PM triggers the release of pro-inflammatory
cytokines (IL-1B, IL-6, TNF-a) and reactive oxygen species (ROS), initiating a state of chronic
low-grade airway inflammation. This inflammatory milieu promotes mucous hypersecretion,
airway hyperreactivity, epithelial barrier disruption, and fibrotic remodeling.

Chronic obstructive pulmonary disease (COPD): Long-term PM2.5 exposure is strongly
associated with accelerated lung function decline and COPD development. A prospective
cohort study of 73,000 adults across six European countries demonstrated a 14% increase in
COPD incidence per 10 pg/m? increase in annual mean PM10 exposure. In Central Asia, where
biomass combustion for heating and cooking adds indoor PM exposure to already elevated
ambient levels, COPD burden is particularly high.

Asthma: PM exposure is both a trigger and an etiological contributor to asthma. Short-term
PM spikes are associated with increased emergency department visits and hospitalizations for
asthma exacerbations. Longitudinal studies show that children growing up in high-pollution
environments have a 30-50% higher risk of developing asthma compared to those in low-
pollution areas. Immune skewing toward Th2 responses, impaired mucociliary clearance, and
adjuvant effects of PM components (endotoxin, polycyclic aromatic hydrocarbons) contribute
to asthmagenesis.

Lung cancer: The International Agency for Research on Cancer (IARC) classified outdoor
air pollution (Group 1 carcinogen) and PM specifically in 2013, based on robust evidence
linking PM2.5 to lung adenocarcinoma. Each 10 pg/m? increase in long-term PM2.5 exposure is
associated with an approximately 36% increase in lung cancer risk.

3.2 Cardiovascular Effects

The cardiovascular system is the second most important target of PM-related injury. The
mechanisms include: (1) translocation of UFP into the systemic circulation, inducing direct
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vascular oxidative stress and endothelial dysfunction; (2) autonomic nervous system
dysregulation, with PM exposure causing decreased heart rate variability and increased risk of
arrhythmia; (3) promotion of atherosclerosis through inflammatory and prothrombotic
pathways; and (4) systemic inflammation from pulmonary PM-induced cytokine release.

Epidemiological evidence is consistent: each 10 pg/m? increase in PM2.5 is associated with
a 10-15% increase in cardiovascular mortality in long-term exposure analyses. The Global
Burden of Disease study estimated that ischemic heart disease attributable to ambient PM2.5
killed over 2.4 million people in 2019. Short-term PM exposure triggers myocardial infarction,
atrial fibrillation, and stroke within hours of elevated pollution events, primarily through
autonomic dysregulation and acute thrombogenic effects.

3.3 Neurological and Cognitive Effects

Emerging evidence implicates PM in neurological harm through multiple routes:
translocation of UFP via the olfactory nerve directly to the olfactory bulb and brain; systemic
inflammation-driven neuroinflammation; and accumulation of magnetite nanoparticles of
combustion origin in brain tissue. Epidemiological studies demonstrate associations between
long-term PM2.5 exposure and accelerated cognitive decline, dementia, Parkinson's disease,
depression, and anxiety. A 2019 cohort study of 130,000 individuals found a 16% higher
dementia incidence among those living in areas exceeding PM2.5 guidelines.

3.4 Effects on Children and Reproductive Health

Children are uniquely vulnerable due to their higher respiratory rate, smaller airways, and
developing immune and nervous systems. In utero PM exposure is associated with intrauterine
growth restriction (IUGR), preterm birth, low birth weight, and neurodevelopmental
impairment. Postnatal exposure contributes to impaired lung development, reducing peak lung
function achieved in early adulthood — a determinant of COPD risk later in life. In Uzbekistan,
Karakalpakstan, and other areas proximal to the Aral Sea, high rates of respiratory illness,
anemia, and developmental delays in children have been linked to elevated dust exposures.

4. DISCUSSION

The evidence reviewed establishes that particulate air pollution is not merely an aesthetic
or nuisance problem but a systemic toxin affecting virtually every organ system. The dose-
response relationship between PM2.5 and multiple disease outcomes appears linear with no
apparent safe threshold, as evidenced by the WHO's 2021 revision of its air quality guideline
for annual mean PM2.5 from 10 pg/m? to 5 pg/m?>.

In Central Asia, the dual exposure to mineral dust from desertification and combustion-
derived PM from coal and biomass burning creates a particularly complex pollution
environment. Policy responses must address both sources: land reclamation and dust
suppression around the Aral Sea basin, transition to cleaner energy for heating and cooking,
vehicle emission standards, and industrial emission controls. Indoor air quality improvements,
including ventilation upgrades and clean cookstoves, are accessible short-term interventions.

Individual protective measures, including high-efficiency (N95 or equivalent) respiratory
masks during high-dust periods, air purifiers with HEPA filtration for indoor spaces, and
avoidance of outdoor exercise during high-pollution events, can meaningfully reduce personal
exposure. Public awareness campaigns in local languages, real-time air quality monitoring with
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accessible communication platforms, and school-based health education are complementary
public health tools.

S. CONCLUSION

Dust and particulate matter air pollution exert pervasive, multi-organ adverse effects on
human health, driven by inflammatory, oxidative, autonomic, and direct toxic mechanisms. The
epidemiological burden is staggering — millions of premature deaths annually and a still-larger
burden of morbidity, disability, and impaired development. Addressing this crisis demands
ambitious regulatory policy, technological innovation, and sustained public health action, with
particular urgency in highly exposed regions such as Central Asia.
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