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What air pollution does to your
mind and body.

Air pollution kills more people each year than malaria, tuberculosis, and HIV
combined. Yet because its effects accumulate silently over decades, it remains the
most underestimated public health threat of our time.
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ABSTRACT

This paper synthesizes current public health research on the health effects of fine

particulate matter (PM,, .) and ultrafine particle exposure. We summarize

)
2.5
mechanisms of harm across cardiovascular, respiratory, neurological, and
developmental systems; assess the inadequacy of current air purification

approaches at scale; and outline what an effective intervention would require.

01

Theinvisible epidemic

Air pollution isthe single largest environmental risk factor for human health. The Global Burden of
Disease study attributes roughly seven million premature deaths each year to ambient and household air
pollution combined — more than malaria, tuberculosis, and HIV/AIDS combined.

What makes this an epidemic in slow motion isitsinvisibility. Particulate matter under 2.5 micrometers
in diameter (PM 5 5) cannot be seen, smelled, or felt. It accumulates silently in the body across years and
decades, and its effects manifest as conditions we typically attribute to genetics, age, or lifestyle.
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How particles enter and travel through the body

PM o5 and ultrafine particles bypass the respiratory system's natural filters. The nose and upper airways
are evolved to trap larger particles— pollen, dust, soot. But fine and ultrafine particles slip through
these defenses and lodge deep in the alveoli, where oxygen exchange happens.

From there, ultrafine particles cross the alveolar-capillary barrier directly into the bloodstream. Oncein
circulation, they travel systemically — reaching the heart, brain, liver, kidneys, and reproductive
organs. Studies have detected combustion-derived particlesin human placental tissue, suggesting
prenatal exposure begins before birth.



03

The cardiovascul ar toll

Counterintuitively, the leading cause of pollution-related death is not respiratory disease — it is
cardiovascular disease. Long-term PM2 5 €xposure is associated with elevated blood pressure,
accelerated atherosclerosis, increased risk of myocardial infarction, and arrhythmia.

The mechanism is systemic inflammation. Inhaled particles trigger inflammatory cascades that
destabilize arteria plague, increase platelet aggregation, and disrupt autonomic regulation of heart
rhythm. The risk is comparable in magnitude to passive smoking and rises with cumul ative exposure.

04

Cognitive and mental health effects

A growing body of evidence links air pollution to cognitive decline, dementia, and adverse mental
health outcomes. Longitudinal studiesin heavily polluted regions have found accelerated cognitive
aging in older adults exposed to higher long-term PM 25 levels, with measurable effects on memory,
reasoning, and verbal fluency.

In children, exposure during developmental years is associated with lower test scores, attention
difficulties, and behavioral changes. Schools that have invested in indoor air filtration have, in some
cases, reported measurable improvements in student performance — afinding that has begun to
influence school construction standardsin several countries.

The connection to mental health isincreasingly well-documented. Higher ambient pollution levels are
correlated with elevated rates of depression, anxiety disorders, and degraded sleep quality. The
mechanism likely combines direct neuroinflammatory effects with the indirect stress of living in
degraded environments.

05

The case for indoor air

People in modern cities spend 80 to 90 percent of their time indoors. Indoor air, far from being a safe
haven, often carries a higher PM 95 burden than outdoor air — particularly in environments with
limited ventilation, internal sources (cooking, candles, smoking), or buildings situated near heavy



traffic.

This makesindoor air quality not aluxury but a public health intervention. Schools, offices, hospitals,
and high-occupancy public spaces are where the highest-leverage gains exist. Cleaning the air people
breathe for the majority of their waking hours produces health outcomes comparable to many
pharmaceutical interventions, at substantially lower cost per quality-adjusted life year.

06

Why current solutions fall short

HEPA-based air purification, while effective at capturing fine particles, was designed for sterile
environments — pharmaceutical clean rooms, semiconductor fabs, hospitals. Adapting HEPA to
everyday spaces introduces three structural problems: high energy consumption (because air must be
forced through dense filter media), recurring filter replacement costs, and significant landfill waste.

These constraints make HEPA viable for premium installations — wealthy homes, luxury offices,
high-end hotels — but block its deployment at the scale public health requires. Schools cannot afford to
replace filters every quarter. Public buildings cannot afford the energy bill. The technology that existsis
not the technology that will solve the problem.

07

What clean air at scale requires

A solution to this problem at the scale of cities and countries must satisfy three conditions: capture
efficiency that meets or exceeds HEPA, energy consumption low enough to deploy continuously, and a
maintenance model that does not depend on consumables. These conditions are not impossible — they
are, however, incompatible with mesh-based filtration.

ClarityAir isbuilt to satisfy all three. We believe clean air at this scale is achievable in the next decade,
and we are working with educators, employers, building owners, and policymakers to make it
inevitable.
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Want to bring clean air to your space?
We are partnering with schools, offices, restaurants, gyms, malls, and MEP

consultants to deploy ClarityAir in real-world environments. Reach us at
hello@clarityairworks.com or visit clarityairworks.com.
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