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Your health
IS IN your arr.

ABOUT THIS GUIDE

This scientific reference guide
represents a comprehensive
synthesis of environmental health
research spanning five decades of
epidemiological studies, controlled
human exposure experiments, and
mechanistic investigations.

The health effects quantified here are not
theoretical—they represent measurable,
reproducible impacts demonstrated across
diverse populations worldwide. Every percentage
increase in mortality, every IQ point lost, and
every disease risk elevation has been validated
through multiple independent research teams
using different methodologies in different
populations, yet reaching remarkably consistent
conclusions.

This convergence of evidence from molecular
mechanisms to population-level outcomes
establishes air quality as one of the most powerful,
modifiable determinants of human health in the
modern era.
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The evidence base includes:

e 2,000+ peer-reviewed publications
from top-tier journals

* 50+ landmark cohort studies tracking
millions of participants

e 30+ systematic reviews and meta-
analyses pooling global evidence

* EPA and WHO Integrated Science
Assessments representing scientific
consensus

This reference guide synthesizes peer-reviewed research
from leading journals including NEJM, JAMA, The Lancet,
Environmental Health Perspectives, and integrated
science assessments from EPA and WHO. All statistics
represent meta-analyses or large cohort studies with
appropriate confidence intervals. For complete citations
and methodological details, refer to the full scientific
bibliography.

Last Updated: November 2025
Scientific Advisory: Lution Labs Clinical Research Team



THE PRISTINE AIR STANDARD

Pristine air represents the evolutionary
baseline —what human biology was
desighed to breathe. The gap between
current exposure and pristine conditions
represents your optimization opportunity:

PM2.5: 8.2 pg/m? gap (10.2 current vs. 2.0 pristine) UNITS EXPLAINED

Ozone: 22-27 ppb gap Concentration Measures

e NO,:12-13 ppb gap » pg/m? = Mass per volume of air
Lead: 100-fold elevation in blood levels * ppb/ppm = Parts per billion/million
e CFU/m?3 = Living organisms

* EU/m? = Endotoxin activity

Key Ta keaways 1. No Safe Thresholds: PM2.5, lead, and

benzene show health effects at the lowest

. measurable levels
from the Science
2. Indoor Often Worse: NO,, benzene, CO, and
biological contaminants frequently exceed

outdoor levels

3. Cumulative Effects: Multiple pollutants
interact synergistically, amplifying health
impacts

4. Chronic Inflammation: poor air quality
keeps the immune system in a state of near-
constant activation, with pernicious effects
on virtually all biological systems

5. Reversible Damage: Studies prove reducing
exposure rapidly improves health outcomes

6. Vulnerable Populations: Children, elderly,
and those with preexisting conditions face
amplified risks
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OUTDOOR AIR POLLUTANTS:

Regulatory Standards and Health Science

POLLUTANT

PM2.5
(Particulate
Matter <2.5um)

Ozone (0,)

Nitrogen
Dioxide (NO,)

Sulfur
Dioxide (SO,)

Carbon
Monoxide (CO)

Benzene

Lead

TYPICAL LEVELS MAJOR SOURCES

Average USA: 10.2 pg/m? « Vehicle exhaust (especially diesel)
EPA Standard: 9.0 pg/m? « Power plant emissions

WHO Guideline: 5.0 pg/m? « Industrial processes

Pristine Air: 2.0 pg/m? « Wildfires

« Indoor: Cooking (gas stoves), candles, tobacco smoke
Indoor often 2-5x outdoor levels

Average USA: 42 ppb + VOCs + NOx + sunlight
EPA Standard: 70 ppb * Vehicle emissions
WHO Guideline: 51 ppb « Industrial facilities
Pristine Air: 15-20 ppb » Power plants

. « Note: Secondary pollutant - not directly emitted
Summer peaks, formed photochemically

Average USA: 15 ppb « Motor vehicles (40-50% urban)

EPA Standard: 53 ppb « Power plants

WHO Guideline: 10 ppb « Indoor: Gas stoves, unvented heaters
Pristine Air: 2-3 ppb « Industrial combustion

Indoor can exceed 200 ppb during cooking

Average USA: 8 ppb « Coal-fired power plants
EPA Standard: 75 ppb « Industrial facilities
WHO Guideline: 15 ppb » Metal processing
Pristine Air: <1 ppb « Volcanic activity

» Marine vessel fuel
Declined 70% since 2011

Average USA: 0.8 ppm « Vehicle exhaust

EPA Standard: 9 ppm « Indoor: Gas appliances, attached garages, tobacco smoke
WHO Guideline: 3.5 ppm » Wood-burning stoves

Pristine Air: 0.1-0.2 ppm « Malfunctioning heaters

Indoor often exceeds outdoor

Average USA: 0.5 pyg/m? « Traffic (84% of exposure)

EPA: No safe standard « Indoor: Cigarette smoke (primary), paints, adhesives
WHO Guideline: 1.7 pg/m? « Gasoline vapors

Pristine Air: <O.1 pg/m? « Attached garages

Indoor 2-10x outdoor

Average USA: 0.01 pg/m? « Aviation fuel (largest current

EPA Standard: 0.15 pg/m? « Lead battery recycling

WHO Guideline: 0.5 pg/m? « Industrial emissions

Pristine Air: <0.001 pug/m? « Legacy: Old paint, contaminated soil

Blood lead: 1-2 ug/dL typical vs. 0.016 pristine
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HEALTH EFFECTS

Mortality: 16% increase per 10 pg/m?
Heart Attack: +23% risk

Stroke: +24% risk

Lung Cancer: +9% risk

Dementia: +14-40% risk

Life Expectancy: 2-3 years lost in polluted cities
Cognitive: Reduced brain volume, impaired memory

All-cause Mortality: +1.4% per 10 ppb
Respiratory Death: +2.5%

COPD Death: +5.6%

Heart Failure Death: +7.4%

Lung Function: Rapid decline
Asthma: Attacks triggered at 70 ppb
Exercise Performance: Reduced

All-cause Mortality: +6% per 10 ppb
Cardiovascular Death: +11%

Childhood Asthma: +32% from gas cooking
Current Wheeze: +15%

Respiratory Infections: Increased susceptibility

Inflammation: IL-6, IL-1B elevation

All-cause Mortality: +0.59% per 10 pg/m?
Respiratory Death: +0.67%

Asthma Attacks: Triggered at 0.25 ppm
Airway Resistance: +322% at 0.75 ppm
Bronchospasm: In sensitive individuals

Heart Failure: Increased risk

Arrhythmias: 2x higher rates

Neurological Sequelae: 15-50% of survivors
Cognitive Decline: At 3 ppm increase
Depression: >40% incidence post-exposure
Tissue Hypoxia: COHb formation

Leukemia (AML): 2-3x risk

Blood Disorders: At 1 ppm exposure
DNA Damage: Chromosomal aberrations
Sperm Abnormalities: Aneuploidy

No Safe Threshold: Group 1 carcinogen

1Q Loss: 7.4 points <10 pg/dL blood

CV Mortality: 70% increase

412,000 US deaths/year attributable to
historical exposure to leaded gas
Kidney Disease: Progressive
Hypertension: Dose-dependent

No Safe Threshold
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LANDMARK SCIENTIFIC STUDIES

Harvard Six Cities Study: Established PM2.5-mortality link in 8,111 adults
American Cancer Society Study: 138 adults confirmed cardiovascular mortality
Global Meta-Analysis 107 cohorts showing effects below 10 pg/m?
Dementia Study 28 cohorts linking PM2.5 to cognitive decline

Cancer Prevention Study Il: 669,046 participants showing respiratory mortality
Meta-Analysis: 99.9 million participants, established mortality risks
Controlled Exposure Studies: Lung function decrements at current EPA standard

Global Meta-Analysis: 34 studies, 32 cohorts establishing mortality
Indoor NO, Study: Gas cooking and childhood asthma link
Controlled Exposure: Inflammatory response at 1.5 ppm

Systematic Review: 67 studies showing no threshold
Asthmatic Sensitivity: Bronchoconstriction at 0.25-0.75 ppm
Mechanistic Review: Oxidative stress pathways

Framingham Heart Study: Exhaled CO and heart failure
Taiwan Cohort: 20,942 exposed showing cardiac effects
Brain Imaging: Reduced blood flow at low levels

Pliofilm Workers Study: Established leukemia link

Chinese Benzene Cohort: 74,828 workers showing dose-response
Meta-Analysis: Quantified AML risk

Low-Level Effects: Blood effects at 1 ppm

1Q Meta-Analysis: 1,333 children, no threshold
NHANES Mortality: 14,289 adults, CV deaths
Rochester Study: Effects <10 pg/dL
Population Impact: 770M Americans exposed



INDOOR AIR QUALITY:

Biological and Particulate Contaminants

POLLUTANT

Gram-Negative Bacteria
(Endotoxins)

Gram-Positive Bacteria

Mycotoxin-Producing Molds:
Stachybotrys (Black Mold)

Mycotoxin-Producing Molds:

Aspergillus

Mycotoxin-Producing Molds:

Penicillium

Non-Mycotoxin Molds:
Cladosporium

Non-Mycotoxin Molds:

Alternaria

Gypsum/Drywall Dust

Pet Dander

TYPICAL INDOOR LEVELS

Typical: 10-1000 CFU/m?
Endotoxin in PM2.5: 0.13-0.177 EU/m?
Netherlands Limit: 90 EU/m? (8-hr)
European Guideline: <50 EU/m?

Health effects at 28 EU/m?®

Winter Homes: 19-607 CFU/m?
Schools: 924-2750 CFU/m?
Mean: 212 CFU/m?

Varies with occupancy

When Detected: <32 counts/m?
Detection Threshold: Any level warrants investigation
Water Activity: >95% required

Indicates severe water damage

Indoor Median: 82 CFU/m?

Outdoor Median: 540 CFU/m?
Combined Asp/Pen: <700 counts/m?
AIHA Guideline: <250 CFU/m? total fungi

Typical with Aspergillus: <700 counts/m?
Indoor Median: 82 CFU/m?
Elevated in damp homes

Summer Outdoor: 2,000-50,000 spores/m?
Winter: Very low

Symptom Threshold: 3,000 spores/m?
Canadian Guideline: <500 CFU/m?

Most widespread allergenic mold

Symptom Threshold: 100 spores/m?
Peak Season: Warm, dry weather
Indoor: Variable with outdoor

10x more potent than Cladosporium

OSHA Limit: 50 pg/m? (8-hr respirable)
Sanding: Up to 150 mg/m?
Particle Size: ~10 microns

Contains calcium sulfate, talc, mica

Fel d 1 (cat): Detectable in all homes
Can f proteins (dog): Widespread
Airborne Duration: Hours

HEPA Reduction: 30-40%

15% Americans allergic
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MAJOR SOURCES

* Water-damaged materials

« Contaminated HVAC systems
« Pet presence

« Flooding/moisture

« Food waste

« Human skin/respiratory shedding

« Textiles and soft furnishings
« Dust reservoirs
« Air handling systems

» Water-damaged gypsum board

« Chronic leaks

« Flooding

« High humidity (>95%)
« Cellulose materials

« Damp building materials
* House dust

« Stored grains

« Compost

* HVAC systems

* Water-damaged materials
« Food spoilage

« Indoor plants

« Carpets

* Wallpaper

« Outdoor infiltration

* Damp gypsum board
« Painted walls

« Wood surfaces

« Carpets

« HVAC components

« Outdoor spores entering homes
« Damp, poorly ventilated spaces

« Carpets
« Bedding
« Textiles

« Drywall installation
 Sanding operations

« Demolition

« Deteriorating wallboard
« Renovations

« Cats (Fel d 1 protein)
« Dogs (Can f proteins)
« Transfer on clothing
« Settled in furniture

- Carpets and bedding



HEALTH EFFECTS

lliness Episodes: +0.32/year in children
Acute Airway Obstruction
Hypersensitivity Pneumonitis
Chronic Bronchitis

Fever, Cough, Dyspnea

Inflammatory Response: TNF-g, IL-18

Respiratory Infections
Allergic Responses

Skin Conditions (Staph aureus)
Indoor Air Quality Complaints
Opportunistic Infections

Cognitive Impairment
Chronic Fatigue
Nosebleeds

Memory Problems
Produces: Satratoxins G & H

Lung Infections (immunocompromised)
Allergic Aspergillosis

Asthma Exacerbation

Produces: Aflatoxins, ochratoxins
Cancer Risk (aflatoxin B1)

Childhood Asthma Development
Allergic Rhinitis

Produces: Ochratoxin A, patulin
Kidney Toxicity (ochratoxin)
Immune Suppression

Allergic Rhinitis

Asthma Attacks

Nasal Congestion

Eye Irritation

Sneezing

Major Allergens: Clah1,Clah 2

Main Fungal Asthma Cause

Severe Asthma association

Hay Fever

Alt a 1Sensitization: 9.5-20% population
Poor Asthma Prognosis

Respiratory Irritation
Eye/Nose/Throat Irritation
Coughing

Allergic Reactions

Silicosis Risk (if silica present)
Lung Function Decline

Asthma Episodes: 3 in 10 asthmatics
Allergic Rhinitis

Eye Irritation/Watering

Skin Rashes

Wheezing/Coughing

20% adults, 30% children affected
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KEY SCIENTIFIC EVIDENCE

Children’s Health Study: liiness correlation
Indoor Endotoxin Study: Urban concentration patterns
Netherlands Health Council: Occupational exposure limits

Indoor Microbiome Studies: Human contribution
Seasonal Variation Studies: Winter elevation patterns
Occupancy Studies: Direct correlation with human presence

Cleveland Outbreak: Infant pulmonary hemosiderosis
Mycotoxin Detection: Airborne confirmation
Indoor Air Study: Health associations

A. fumigatus Studies: Invasive aspergillosis in hospitals
Mycotoxin Analysis: Indoor detection methods
WHO Guidelines: Health-based recommendations

Boston Children Study: Asthma link
Cincinnati Study: Wheeze association
European Studies: Ochratoxin A in indoor dust

Global Allergen Studies: Most common outdoor mold
Threshold Studies: 3,000 spores/m? for symptoms
Canadian Housing Studies: Prevalence and guidelines

European Allergy Study: 9.5% sensitization rate
Beijing Study: Most common aeroallergen
Severity Studies: Associated with severe asthma

NIOSH Studies: Exposure during sanding
Occupational Health Reviews: Long-term lung effects
Construction Worker Studies: Chronic respiratory symptoms

Allergen Distribution Studies: Present even in pet-free homes
HEPA Filtration Studies: 30-40% reduction efficacy
Epidemiological Studies: 15% population allergic



INDOOR AIR QUALITY:

Biological and Particulate Contaminants

POLLUTANT TYPICAL INDOOR LEVELS

Pollen Variable: 0-2000+ grains/m?
Peak Seasons: Spring (tree), Summer (grass),

Fall (ragweed)

Indoor: 10-70% of outdoor

25 million Americans affected
Dust Mites Sensitization Risk: >2 pg/g dust

Asthma Risk: >10 pg/g dust

Typical Homes: 0.2-14 pg/g

Thrives: >50% humidity

Der p 1and Der f 1allergens

The Inflammation
Cascade Explained

C-REACTIVE PROTEIN (CRP) - YOUR BODY'S
GENERAL FIRE ALARM

e Whatitis: A protein your liver makes when
there's inflammation anywhere in your body

e Normal range: <1.0 mg/L is optimal, 1-3 is
average, >3 is high risk

e 40% elevation means: If your baseline is 1.0,
bad air pushes you to 1.4 - moving you toward
the danger zone

*  Why biohackers care: High CRP correlates
with heart disease, cancer, depression, and
accelerated aging

e You might know this from: Your annual blood
work or cardiovascular risk panels
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MAJOR SOURCES

» Window/door infiltration
« Ventilation systems

« Transfer on clothing/hair
« Pet fur

» Open windows

* Mattresses/pillows

- Bedding

« Carpets

» Upholstered furniture

« Human skin scales (food)

Think of inflammation as your body’s defense
system. Acute inflammation (like when you cut
yourself) is good - it heals you. But chronic
inflammation from breathing bad air is like having
your immune system constantly activated at 30-
40% intensity, slowly damaging everything.

IL-6 (INTERLEUKIN-6) - THE AGING
ACCELERATOR

* Whatitis: A signaling molecule that tells your
body to create more inflammation

* The biohacker connection: This is what spikes
after poor sleep, intense exercise, or stress

e 25% increase means: Your body ages faster,
recovers slower, and stays inflamed longer

o Downstream effects: IL-6 triggers CRP
production, disrupts sleep (it's highest at
night), and impairs muscle recovery

e Why it matters: Centenarians have unusually
low IL-6 levels - it's a longevity biomarker



HEALTH EFFECTS KEY SCIENTIFIC EVIDENCE

Per 10 grains/m? increase: Systematic Review: Dose-response relationships
« Lower respiratory: +1% Economic Studies: $3 billion annual costs
« Any allergic symptom: +2% Indoor Infiltration Studies: Building characteristics impact

» Upper respiratory: +7%
+ Ocular symptoms: +11%
Annual Cost: >$3 billion

3x Asthma Risk at age 7 Threshold Studies: 2 pg/g sensitization
5x Late-onset Wheeze Birth Cohort Studies: 10 pg/g asthma threshold
Allergic Rhinitis Meta-Analyses: Consistent asthma associations

Eczema Exacerbation
Bronchial Hyperresponsiveness
OR 1.94 for asthmatics

TNF-a (TUMOR NECROSIS FACTOR ALPHA)
- THE AUTOIMMUNE TRIGGER

e What it is: A master inflammatory cytokine
that can actually kill cells (hence “necrosis”

e 30% elevation means: Your immune system
becomes more likely to attack your own
tissues

e The cascade effect: TNF-a triggers other
inflammatory molecules, creating a vicious
cycle

e Real world impact: This is what drugs like
Humira and Enbrel block in autoimmune
conditions

e For biohackers: Elevated TNF-a = brain fog,
joint pain, fatigue, and increased risk of
developing autoimmune conditions
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OXIDATIVE STRESS - YOUR CELLULAR RUSTING

What it is: Free radicals (unstable molecules)
damaging your cells faster than your
antioxidants can repair them

45% higher means: Your cells are aging 45%
faster than they should

The analogy: Like leaving metal in rain - it
rusts. Your cells are “rusting” from the inside

Measurable via: 8-OHdJG in urine, F2-
isoprostanes, or glutathione/glutathione
disulfide ratio

Biohacker relevance: This is why people take
NAD+, glutathione, and antioxidants



How Air Quality Triggers
This Cascade

When you breathe mold spores, PM2.5, or VOCs,
here's the sequence:

Why These Specific
Percentages Matter

In biohacker terms, these increases are like:
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Immediate: Lung cells detect
foreign particles and release IL-6

Hours: IL-6 signals liver to produce CRP

Days: TNF-a levels rise as immune
system stays activated

Ongoing: Oxidative stress
accumulates as your antioxidant
systems get overwhelmed

Result: Chronic low-grade
inflammation that underlies
virtually every disease

Running your HRV 20 points lower
constantly

Having your recovery scores
permanently in the yellow/red

Aging at 1.3x speed instead of 1x

Giving yourself the inflammation
equivalent of eating inflammatory
foods at every mealeam



EVERY BREATH MATTERS

4.14 Million

Estimated global deaths annually
from PM 2.5 alone

824 Million

IQ points lost in the US cumulatively
from childhood lead exposure

4.2 Years

Lifespan extension opportunity from
average US outdoor levels to pristine air
quality

How This Guide Was Built
This reference synthesizes evidence from:

« New England Journal of Medicine (NEJM)

« Journal of the American Medical Association (JAMA)

¢ The Lancet & The Lancet Public Health

¢ Environmental Health Perspectives

¢ Nature & Science

¢ American Journal of Respiratory and Critical Care Medicine
¢ EPA Integrated Science Assessments

¢ WHO Air Quality Guidelines

Methodology: Every health effect quantified represents
findings replicated across multiple independent research
teams, in different populations, using varied methodologies,
yet reaching consistent conclusions.

Last Updated: November 2025
Version: 2.1

Scientific Advisory
Lution Labs Clinical Research Team
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COMPLIED FROM

2,000

peer-reviewed studies

50+

landmark cohorts

30+

meta-analyses




Contact This guide provides scientific education,

°
+ I l It I Ol I science@Ilutionlabs.com not medical advice. Consult healthcare

providers for personal health decisions.
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