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1. Executive Summary

Pollen exposure is one of the most widespread environmental health stressors globally,
contributing to allergic rhinitis, asthma exacerbations, impaired sleep, reduced
productivity, and diminished quality of life. While pollen is commonly regarded as an
outdoor air quality issue, an increasing body of scientific evidence demonstrates that
indoor environments play a decisive role in determining actual human exposure."?2

Pollen grains infiltrate indoor spaces through ventilation systems, building openings, and
occupant movement. Once indoors, pollen may accumulate on surfaces, fragment into
respirable allergenic particles, resuspend due to human activity, and persist for extended
periods.®* These processes are strongly influenced by indoor environmental conditions,
including humidity, temperature, ventilation effectiveness, particulate matter
concentration, and the presence of gaseous pollutants that amplify allergic responses.>®

The uHoo Pollen Index™ is a science-based, real-time indoor air quality (IAQ) risk indicator
designed to quantify how favorable an indoor environment is for pollen persistence,
aerosolization, and allergenic impact. By leveraging the continuous multi-parameter
sensing capabilities of the uHoo Aura, the Index translates complex environmental data
into a clear, actionable score that enables proactive mitigation of pollen-related health
risks in residential, commercial, educational, and healthcare settings.
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2. Why the uHoo Pollen Index™
iIs Needed

Pollen grains are biological aerosols released by trees, grasses, and weeds as part of their
reproductive cycle. Depending on species, intact pollen grains typically range from 10 to
100 um in aerodynamic diameter.” However, pollen grains are mechanically and
osmotically fragile. Under certain environmental conditions, they can rupture and release
sub-micron allergenic fragments that are small enough to penetrate deep into the
respiratory tract.®

Because people spend an estimated 85-90% of their time indoors, indoor pollen exposure
plays a significant role in overall allergen burden. Numerous studies have shown that
indoor pollen concentrations can reach 30-80% of outdoor levels, depending on factors
such as building design, ventilation strategies, filtration efficiency, and occupant
behavior."2 Even after outdoor pollen levels decline, indoor exposure may persist due to
the resuspension of pollen from indoor reservoirs including floors, furniture, and

extiles.*®

Despite this, most pollen forecasts rely almost exclusively on outdoor measurements and
fail to account for indoor accumulation and amplification mechanisms. As a result, they
provide limited guidance for managing real-world exposure. The uHoo Pollen Index
addresses this gap by focusing on measurable and controllable indoor environmental
parameters that directly influence pollen exposure risk.
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3. Pollen Transport and

S

Exposure Pathway's Indéors
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3.1 Outdoor-to-Indoor Infiltration

Pollen enters buildings through multiple pathways, including
mechanical ventilation systems, open windows and doors, facade
leakage, clothing and footwear, personal belongings, and pets.™
Once introduced indoors, pollen readily deposits on surfaces and
may remain allergenic for days to weeks.*

3.2 Resuspension and Indoor
Persistence

Settled pollen can be resuspended into the breathing zone by human
activity such as walking, cleaning, and airflow disturbances.
Experimental and field studies demonstrate that resuspension
significantly increases inhalation dose even when outdoor pollen
levels are moderate or declining.3°

3.3 Fragmentation and
Formation of Respirable
Allergens

Humidity fluctuations, osmotic stress, and mechanical forces can
cause pollen grains to rupture, releasing allergenic cytoplasmic
particles often smaller than 2.5 ym. These fragments behave similarly
to fine particulate matter, remain airborne for longer periods, and are
strongly associated with asthma exacerbations and severe allergic
responses.8™
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4. Environmental Determinants

of Indoor Pollen Risk
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4.1 Temperature

Temperature influences pollen stability, moisture content, and
fragmentation dynamics. Cooler temperatures may preserve pollen
integrity, while elevated temperatures, particularly when combined
with humidity cycling, can accelerate desiccation and allergen
release.™™ Maintaining stable, moderate indoor temperatures
reduces environmental stress on pollen while supporting thermal
comfort.

4.2 Relative Humidity

Relative humidity (RH) is one of the most critical determinants of
pollen behavior indoors. Low RH (<30 to 35%) promotes pollen
desiccation and fragmentation, while high RH (>70%) increases
pollen swelling and rupture risk.8,11 Mid-range RH (40 to 60%)
minimizes both allergen release and prolonged airborne
suspension.™

4.3 Carbon Dioxide (CO,) as a
Proxy for Ventilation

Carbon dioxide does not directly affect pollen but serves as a
reliable proxy for ventilation effectiveness and outdoor air dilution.
Elevated CO, indicates insufficient air exchange, allowing infiltrated
pollen and allergenic fragments to accumulate and persist
indoors."™ Maintaining low CO, levels supports dilution, removal,
and filtration of pollen-laden air.
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4.4 Particulate Matter
O, (PM,, PM, .o, PM,, PM,o)

@ Particulate matter plays a central role in indoor pollen exposure.
PM,, overlaps with the size range of intact pollen, while PM,
@0 captures intermediate fragments and PM,.s and PM, represent fine

and ultrafine allergenic particles capable of deep lung
penetration.”' Higher particulate concentrations increase airborne
residence time, transport distance, and inhalation probability of
pollen allergens.

4.5 Nitrogen Dioxide (NO,):
\'Z Susceptibility Amplifier

Particulate matter plays a central role in indoor pollen exposure.
PM,, overlaps with the size range of intact pollen, while PM,
captures intermediate fragments and PM,.s and PM1 represent fine
and ultrafine allergenic particles capable of deep lung
penetration.”'® Higher particulate concentrations increase airborne
residence time, transport distance, and inhalation probability of
pollen allergens.

4.6 Ozone (03): Susceptibility
@ Amplifier

Ozone is a strong oxidant that exacerbates pollen-induced allergic
disease by damaging airway tissue, increasing oxidative stress, and
modifying pollen proteins in ways that increase allergenic
potency.’2° Even low indoor ozone concentrations can intensify
allergic responses when pollen is present.
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5. Seasonality and Indoor
Pollen Risk

Pollen exposure follows strong seasonal patterns: tree pollen dominates in spring, grass
pollen in summer, and weed pollen in autumn, while winter exposure is driven primarily by
indoor reservoirs rather than outdoor sources.'2' Seasonal variation affects pollen type,
concentration, and allergenicity, underscoring the importance of contextualizing indoor
measurements when interpreting pollen risk.
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6. ldeal Indoor Parameter

Rangegifor Pollen Risk %
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Parameter

& Temperatire

O Relat'iv.e
Humidity

O Dioxide
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¢ PM2.5
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«» Nitrogen
Dioxide
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©2025 uHoo"

Ideal Indoor

Range

20°Cto 24 °C

40% to 60%

=< 800 ppm

=< 15 pg/m3

=15 pug/m3

=15 pg/m3

= 45 pg/m3

=< 53 ppb

= 50 ppb

Rationale

Reduces pollen stress and fragmentation.?

Minimizes allergen release and
aerosolization.4

Indicates effective ventilation and dilution.’

Controls respirable allergen fragments.™

Limits deep lung allergen exposure.'®

Controls intermediate pollen fragments.®

Reduces intact pollen resuspension (operational
target aligned to PM health guidance).™

Limits allergic airway amplification.”

Reduces inflammation and allergenicity.

Page 08



/7. The uHoo Pollen Index™
Framework

The uHoo Pollen Index™ is expressed on a
1to 10 scale, where higher scores indicate
indoor environmental conditions
increasingly favorable to pollen
persistence, allergen release, and
symptom severity. The Index integrates
weighted contributions from humidity
stability, particulate burden, ventilation
effectiveness, and gaseous susceptibility
amplifiers.

Score interpretation:

Score Range Interpretation
‘ 1to 3 (Good) Conditions unfavorable for pollen exposure

Some deviation from ideal; sensitive individuals may

. 4 to 6 (Moderate) .
experience symptoms

. 7 to 8 (High) Multiple parameters elevate pollen exposure risk;
9 mitigation required

. 9 t0 10 (Severe) Strgng likelihood of allergic exacerbation; urgent
action recommended
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8. Practical =
Applicationsto |
Reduce Pollen Risk —

While pollen originates outdoors, indoor exposure is
largely determined by controllable environmental
conditions. The uHoo Pollen Index™ is desighed not
only to assess risk, but also to guide practical action.
This section outlines simple, non-technical steps
that occupants, homeowners, and facility managers
can take to improve each contributing parameter and
reduce pollen-related symptoms.

No single action eliminates pollen risk on its own. Meaningful improvement comes from
incremental gains across multiple parameters.

8.1 Temperature: Keep
@ Conditions Stable and Moderate

Why it matters: Large temperature fluctuations can stress pollen
grains and contribute to fragmentation dynamics."?

What you can do:

o Keep indoor temperature within 20 to 24 °C during occupancy

» Avoid large thermostat swings (e.g., very cold nights and warm
days)

e Ensure HVAC schedules match occupancy in offices/schools to
reduce abrupt cycling

Index impact: Stable temperature reduces volatility and supports
overall comfort without increasing pollen-related risk.
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8.2 Relative Humidity: Avoid Air
@ That Is Too Dry or Too Damp

Why it matters: Humidity strongly influences pollen rupture and
allergen release.®" Maintaining mid-range RH supports healthier
indoor air conditions overall.™

What you can do:

e Target 40 to 60% RH
 If RH is consistently low (<35%):
o Use a humidifier (bedrooms at night are often the best
starting point)
o Reduce excessive dehumidification from AC (if applicable)
 If RH is consistently high (>65%):
o Use a dehumidifier, improve ventilation, or address
moisture sources (leaks, damp areas)
o Avoid aggressive on/off cycling of humidifiers that causes
large humidity swings

Index impact: RH control is often one of the highest-leverage
actions for reducing allergen release.

8.3 CO.: Improve Ventilation
O and Fresh Air Exchange

Why it matters: CO, is a practical indicator of ventilation
effectiveness; higher CO, generally means poorer dilution of
indoor contaminants.’

What you can do:

e Increase outdoor air intake through HVAC (if available)

e Open windows periodically when outdoor pollen is lower
(e.g., after rain or outside peak hours)

e Reduce crowding in small rooms; use larger rooms or stagger
occupancy

» In offices/schools, ask facilities teams to verify ventilation
rates and damper operation
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Index impact: Better ventilation helps remove and dilute pollen that
infiltrates indoors.

8.4 Particulate Matter: Reduce
S Dust and Resuspension

@ Why it matters: Pollen and pollen fragments behave like particles;
indoor activity can resuspend settled particles into the breathing

@0 zone.?®

What you can do (simple + effective):

« Entry control (highest ROI)
o Remove shoes indoors; use entry mats
o Keep windows closed during peak pollen hours
e Cleaning strategy
o Wet-wipe surfaces instead of dry dusting (dry dusting
resuspends particles)
o Vacuum using HEPA-filtered vacuums; vacuum more
frequently in pollen season
o Wash textiles (curtains, bedding) more regularly during
peak season
 Air cleaning
o Use portable HEPA air cleaners in bedrooms and living
rooms
o Run them continuously during high pollen periods, not just
intermittently

Index impact: Reducing PM, / PM,.s lowers respirable allergen

burden; reducing PM,, lowers resuspension of intact pollen and
coarse particles.™

©2025 uHoo" Page 12



8.5 Nitrogen Dioxide (NO,):
QO Minimize Indoor Combustion
Sources

Why it matters: NO, increases airway irritation and susceptibility,
intensifying allergic response to pollen.”®

What you can do:

e Ensure gas stoves and heaters are properly vented

» Always use kitchen exhaust while cooking (especially gas
cooking)

e Avoid indoor combustion sources (unvented heaters) where
possible

e Avoid vehicle idling near entrances/air intakes

Index impact: Lower NO, reduces susceptibility amplification and
can materially improve symptom burden.

8.6 Ozone (05): Avoid
@ Ozone-Generating Devices
Indoors

Why it matters: Ozone can damage airway tissue and intensify
allergic responses in the presence of allergens.:20

What you can do:

» Avoid “air purifiers" marketed as ozone generators or ionizers
that produce ozone

» Prefer mechanical filtration (HEPA) over ozone-based
approaches

» During outdoor high-ozone periods, reduce infiltration by
keeping windows closed and relying on filtered mechanical
ventilation where possible

Index impact: Lower ozone reduces inflammation-driven
susceptibility and improves respiratory comfort.
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@ 8.7 Putting It All Together

Improving the uHoo Pollen Index™ does not require perfection.
Small, consistent improvements across humidity, ventilation,
particulate control, and pollutant reduction compound to produce
meaningful health benefits.

The Index helps users identify: which parameter is driving risk,
which intervention will have the biggest impact and whether
changes are working over time

9. Why uHoo Enables Proactive
Pollen Management

The uHoo platform makes pollen risk measurable in real time, enabling continuous
monitoring, targeted interventions, seasonal benchmarking, and integration with
healthy-building frameworks. By translating IAQ data into an actionable Index, uHoo
transforms pollen exposure from a reactive health issue into a manageable environmental
risk.
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6. Conclusion

Indoor pollen exposure is governed not only by outdoor conditions but by measurable and
controllable indoor environmental parameters. By stabilizing humidity, maintaining
effective ventilation, reducing particulate matter, and limiting gaseous irritants that amplify
allergic responses, buildings can significantly reduce pollen-related health impacts.

The uHoo Pollen Index™ provides a scientifically grounded, operational tool that converts
complex IAQ data into actionable insight, helping create indoor environments that are

healthier, more resilient, and better aligned with human well-being throughout the pollen
season.

------

T —

©2025 uHoo" Page 15



11. References

"D'Amato G, Vitale C, De Martino A, et al. Effects on asthma
and respiratory allergy of climate change and air pollution.
Multidisciplinary Respiratory Medicine. 2015;10:39.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4687168/

2D'Amato G, Baena-Cagnani CE, CecchiL, et al. Climate
change, air pollution and extreme events leading to
increased prevalence of allergic respiratory diseases.
Multidisciplinary Respiratory Medicine. 2013;8:12.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3598823/

2Wallace L, et al. Continuous measurements of particles
indoors and outdoors: Particle resuspension and human
activity. Indoor Air. 2006;16(4):282-292.
https://doi.org/10.1111/j.1600-0668.2006.00419.x

4 Custovic A, et al. The indoor environment and allergen
exposure. Journal of Allergy and Clinical Immunology.
1999;103(3 Suppl):S21-S25.
https://doi.org/10.1046/j.1365-2222.1998.00325.x

®Beggs PJ. The influence of climate change on
aeroallergens and allergic disease. International Journal of
Environmental Research and Public Health.
2013;10(6):2344-2362.
https://www.mdpi.com/1660-4601/10/6/2344

¢ World Health Organization (WHO). WHO Global Air Quality
Guidelines: PM,.5, PM,o, O3, NO,, SO, and CO. Geneva:
WHO; 2021.
https://www.who.int/publications/i/item/9789240034228

7 Taylor PE, et al. Pollen allergen particle size influences
respiratory deposition and allergic disease. Journal of
Allergy and Clinical Immunology. 2002;109(4 Suppl):S620.
https://doi.org/10.1016/S0091-6749(02)70063-1

8 Suphioglu C, et al. Mechanisms of pollen rupture and
allergen release. Clinical & Experimental Allergy.
1992;22(8):841-847.
https://doi.org/10.1111/j.1365-2222.1992.tb00171.x

° Qian J, et al. Particle resuspension in indoor environments
by human activity. Indoor Air. 2014;24(6):568-578.
https://doi.org/10.1111/ina.12115

9 Schippi GF, et al. Pollen transfer into indoor
environments. Allergy. 1999;54(11):1180-1186.
https://doi.org/10.1034/j.1398-9995.1999.00144.x

©2025

uHoo"

""Miguel AG, et al. Effects of relative humidity on the release
of allergenic particles from pollen. Aerobiologia.
2006;22:211-217.
https://doi.org/10.1007/s10453-006-9038-7

2Shaman J, Kohn M. Absolute humidity modulates
influenza survival, transmission, and seasonality.
Proceedings of the National Academy of Sciences (PNAS).
2009;106(9):3243-3248.
https://doi.org/10.1073/pnas.0806852106

3 Barreca Al, Shimshack JP. Absolute humidity,
temperature, and allergic disease outcomes. American
Journal of Epidemiology. 2012;176
(Supplement_7):5114-S122.
https://doi.org/10.1093/aje/kws259

14 Wolkoff P. Indoor air humidity, air quality, and health — an
overview. International Journal of Hygiene and
Environmental Health. 2018;221(3):376-390.
https://doi.org/10.1016/j.ijheh.2017.12.009

S Rudnick SN, Milton DK. Risk of indoor airborne infection
transmission estimated from carbon dioxide concentration.
Indoor Air. 2003;13(3):237-245.
https://doi.org/10.1034/j.1600-0668.2003.00189.x

¢ World Health Organization (WHO). Health Effects of
Particulate Matter: Policy Implications for Countries in
Eastern Europe, Caucasus and Central Asia. Copenhagen:
WHO Regional Office for Europe; 2013.
https://www.euro.who.int/en/health-topics/environ-
ment-and-health/air-quality/publications/2013/health-effect

s-of-particulate-matter

7 Becker S, Soukup JM. Effects of nitrogen dioxide on
respiratory immune responses. Environmental Research.
1999;82(1):43-50.
https://doi.org/10.1006/enrs.1999.4013

8 Kulle TJ, et al. Nitrogen dioxide exposure enhances
allergic airway responses. Environmental Health
Perspectives. 2002;110(10):1025-1029.
https://doi.org/10.1289/ehp.021101025

° Mudway IS, Kelly FJ. Ozone and the lung: Oxidative stress

and airway inflammation. Thorax. 2000;55(9):791-798.
https://thorax.bmj.com/content/55/9/791

Page 16



209 Reinmuth-Selzle K, et al. Ozone modifies pollen proteins
and enhances allergenicity. Journal of Allergy and Clinical
Immunology. 2017;140(2):470-482.
https://doi.org/10.1016/j.jaci.2017.02.032

21D’Amato G, et al. Seasonal aeroallergens and allergic

respiratory diseases. Allergy. 2007;62(9):976-990.
https://doi.org/10.1111/j.1398-9995.2007.01465.x

©2025 uHoo" Page 17



