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A Great benefits for kids being back in school
A Need appropriate & significant dose (& risk) reduction
A Layered risk reduction is not rocket science (can do it now)

A Some squandering $$$ on ineffective tech/approaches

A Confused messaging & slick marketing

A Critical to get it right

A We CANNOT make schools 100% safe

A We can easily make them 95% safer



Sources of Emissions

A Breathing
A Speaking
A Singing

A Coughing A Virus not naked (embedded in particles)
A Resuspending? A Particles = combo of mucous & saliva
A Aerosol particles critical

A Tiny (invisible), suspended, penetrate RS



Example: Speaking
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Asadi, S. et al. Scientific Reports, 9:2348 (2019) doi.org/10.1038/s41598-019-38808-z
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Near & Far Fields
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Lowering Risks
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A Near-field aerosols + droplets Far-field aerosols

ﬂ

Near field Far field
A Universal masks A Universal masks
A Greater physical distance A Increased ventilation
A Barriers (sometimes) A Improved filtration
A Less time A UVGI

A Less time



Inhaled Deposited Dose

DOSE;ny; = C: (#/L) X B (L/Min) X t (Min) X fye,;

A C. =concentration of particles of size i

Anterior

Nasal Passage Postor
ner
Nasal Passage

A emissions; mask; ventilation; control (PAC, etc.) _——
Orat Pan

A B = Respiratory minute volume

A activity (can vary significantly)

A t=Time in space with an infector

Bronchiolus
Terminal
Bronchiclus

Respiratory
Bronchiolus

A fyep; = DEpPOSIition of particles of size i in resp sys

Alveolar Duct +
Alveali

A particle size; breathing mode; activity; (location)

Key to entire pandemic (including schools) = reduce inhaled deposited dose

We have not done what we need to do.



Layered Dos€Risk) Reduction Strategy (LRF

Reduce Source(s)

Require Masks

Distance from Source

Ventilate /

Filter E
Use Portable Air Cleaners 0.0 ﬁ Eﬂ {
0

Optimize RH

4

Disinfect air (UVGI only) A LRRS can lead to dose reduction > 95%

Bl RESHElE: See the following webinar for details on each layer:

https://www.epa.gov/iag-schools/forms/webinar-indoor-air-
quality-k-12-schools-addressing-concept-layered-risk-amidst

Make Use of Time

Modify Activities

Educate * Most important surface to disinfect is hands


https://www.epa.gov/iaq-schools/forms/webinar-indoor-air-quality-k-12-schools-addressing-concept-layered-risk-amidst

Reduce Source

Reduce Source(s)
Require Masks
Distance from Source
Ventilate

Filter
Use Portable Air Cleaners
Optimize RH
Disinfect air (UVGI only)
Disinfect Surfaces
Make Use of Time
Modify Activities

Educate

Anlf there Is a pile of
to remove the odor by ventilation. Remove the pile
of ma n-WaxevoroPettenkofer (1858)

D0S€jpna; = Ci (#/L) x B (L/min) x t (Min) X fgep;

A Test & isolate

A Require masks (for all)
A De-densify (less occupants; innovate)
A Eliminate certain activities (singing, aerobics)

A Reduce speaking to extent possible

n



Unoccupied Students enter/exit
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Ren, J. et al. Building & Environment (accepted)

Re-suspension as source: VCT < Carpet



Require Masks

Reduce Source(s)
Require Masks
Distance from Source
Ventilate

Filter
Use Portable Air Cleaners
Optimize RH
Disinfect air (UVGI only)
Disinfect Surfaces
Make Use of Time
Modify Activities

Educate

D0S€jpna; = Ci (#/L) x B (L/min) x t (Min) X fgep;

A Universal mask wearing

A Dual benefits

A 30% (1) & 30% (R) = 51% dose reduction
A 60% x 60% = 84% risk reduction

Problem = all masks off, e.g., lunch
A Outdoors if possible

A Quiet lunch (only teacher speaks)
A Rotating pods (teams) for mask off

A Mask down, eat, Mask up, next team up!



Distance from Source (everyone)

Reduce Source(s) Horizontal distance traveled to settle 1.5 m
At free-stream air speed of 5 cm/s
Require Masks dp >m) t(1.5m) x (M)
Distance from Source 0.5 56 hr 10000
1 14 hr 2500
Ventilate 5 33 min 100
Filter 10 8 min 25
20 2 min 6
Use Portable Air Cleaners 50 20 sec 1
Optimize RH 50 -100 € m particles can travel > 6 ft (jet)

Disinfect air (UVGI only)

Disinfect Surfaces Distancing?
Make Use of Time A With masks

(]
Modify Activities A Without masks 5

Educate



Ventilate

Reduce Source(s)
Require Masks
Distance from Source
Ventilate
Filter
Use Portable Air Cleaners

Optimize RH
Disinfect air (UVGI only)
Disinfect Surfaces
Make Use of Time
Modify Activities

Educate

D0S€jpna; = Ci (#/L) x B (L/min) x t (Min) X fgep;

A Best = outdoors

A Mechanical (controlled)

A Natural (design openings)

https://www.nytimes.co
A Infiltration m/2020/07/17/nyregion/
coronavirus-nyc-
schools-reopening-
outdoors.html



ASHRAE 622019

ANSI/ASHRAE Standard 62.1-2019
(Supersedes ANSI/ASHRAE Standard 62.1-2016)
Includes ANSI/ASHRAE addenda listed in Appendix O

Ventilation
for Acceptable
Indoor Air Quality

See Appendix O for approval dates by ASHRAE and the American National Standards Institute.
This Standard is under continuous maintenance by a Standing Standard Project Committee (SSPC) for which the Standards

Committee has established a documented program for regular publication of addenda or revisions, including procedures for
timely, documented, consensus action on requests for change to any part of the Standard. Instructions for how to submit a

ASHRAE: American Society of Heating, Refrigerating and Air-Conditioning Engineers
https://ashrae.iwrapper.com/ASHRAE PREVIEW_ONLY_ STANDARDS/STD_62.1 2019



https://ashrae.iwrapper.com/ASHRAE_PREVIEW_ONLY_STANDARDS/STD_62.1_2019

ASHRAE Calculation & Position

ASHRAE 62.1- 2019 Ventilation for Acceptable Indoor Air Quality (Pre-COVID)
5 L/s-person; 0.6 L/s-m?

If 24 students + 1 teacher in 60 m?2 classroom =5x 25+ 0.6 x 60 = 161 L/s

161 L/s =576 m3/hr; AER =576 m3/hr/ (60 m? x 2.8 m) = 3.4/hr

ASHRAE Position Document on Infectious Aerosols
Approved by ASHRAE Board of Directors - April 14, 2020

The following modifications to building HVAC system operation should be considered:

A Increase outdoor air ventilation (disable demand-controlled ventilation and open out-
door air dampers to 100% as indoor and outdoor conditions permit).

A Additional recommendations on filtration, portable air cleaners, UVGI, T & RH, etc.

https://www.ashrae.org/file%20library/about/position%20documents/pd infectiousaerosols 2020.pdf



https://www.ashrae.org/file%20library/about/position%20documents/pd_infectiousaerosols_2020.pdf

Ventilate

A Many schools under-ventilated or inappropriately ventilated

Absenteeism (Simons et al., Am. J. Public Health, 2010)
AAssociation: under-ventilation & absenteeism
AStrongest association: young students

Performance (Haverinen-Shaughnessy et al., Indoor Air, 2011)
A100 southwestern schools/classrooms
A87% wi/ less ventilation than ASHRAE 62.1
AEach 1 L/s-student increase in ventilation:
A 2.9% increase math; 2.7% read

Ventilation matters (COVID-19 or not)



Air Exchange Rates: Central Texas High Sc
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Lesnick, L.A. et al., ASHRAE Transactions (2017)

A Permanent classrooms severely under-ventilated (Median < ¥2 ASHRAE 62.1)
A Generally higher ventilation in portable classrooms (but high variability)
A Portable classrooms i directly connected to outdoors

A Portable classrooms i more natural ventilation opportunities + infiltration



Carbon Dioxide (Cas Surrogate

A CO, generated by cells in body

A Released from blood to lungs

Postericr
Nasal Passage

A Emitted from mouth & nose

A Concentrations in air (units = ppm)
A Outdoor = 410 ppm

A Indoor > 410 ppm (variable; factors?)
A Breath = 36,000 to 38,000 ppm

Bronchiolus

Terminat
Bronchiolus

Raspiratory
Bronchiclus

A Ventilation indicator

Alveolar Duct +
Alveoh

A Ventilation estimator

A Re-breathed fraction estimator



Rebreathed Fraction (RF)

ARF = Fraction of air inhaled
RF = COZ,indoor T COZ,outdoor
COZ,breath

Example: Coz,indoor = 1,110 ppm, Coz,outdoor =410 ppm, COZ,breath = 36,000 ppm

1,110 ppm — 410 ppm
F = = 0.019 = 1.99
36,000 ppm /o

A Elevated rebreathed fraction = greater probability of infection
AHow do we lower CO,, (or RF)?



Rebreathed Fraction

Central Texas High Schools (Year 1)

Lesnick, L.A. et al., ASHRAE Transactions (2017)

Median RF = 0.025 to0 0.027 (2.5t0 2.7%)

Similar to previous K-8 results



