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THE WHY BEHIND THIS CONVERSATION

VIROLOGISTS
+
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+

BUILDING SYSTEMS 
EXPERTS



SESSION 3
Estimating Risk

WHAT WE’RE GOING TO COVER

SESSION 1
Transmission Paths

SESSION 2
Airborne Mitigation



SESSION 1: UNDERSTANDING TRANSMISSION PATHS
There are 3 main transmission paths for the spread of SARS-CoV-2 within a building; fomite, 
large droplet, and aerosol transmission. This presentation will review and interpret several key 
scientific studies from 2020 on each of the 3 paths.

At the end of this presentation you will be able to:
1. Define the 3 main transmission paths of SARS-CoV-2 within a building.
2. Explain the difference between a logarithmic scale and a traditional scale on a graph.
3. Interpret the recent published science behind the survivability of the SARS-CoV-2 virus on 

surfaces and in the air.
4. Interpret the recent published science related to the effectiveness of several common 

mitigation measures to break the transmission paths.
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THE ILLUSION OF EXPLANATORY DEPTH
“We often overestimate our ability to explain things. 
It’s called the illusion of explanatory depth.”
 In one set of studies, people rated how well they 

understood devices and natural phenomena, like 
rainbows and zippers. 
 Then they tried to explain them. 
 Ratings dropped precipitously once people had 

confronted their own ignorance.

SOURCE: MIT Technology Review | Hutson, Matthew. “Why you don’t really 
know what you know.” Oct 21, 2020

https://onlinelibrary.wiley.com/doi/abs/10.1207/s15516709cog2605_1
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TRANSMISSION PATHS: 
LARGE DROPLET



WHAT IS A LARGE DROPLET?

1 meter
1 mm
(10-3)

1 nm 
(10-9)

5 μm

1 μm 
(10-6)

Large 
droplet

1 cm 
(10-2)

Small 
droplet



REVIEW OF PUBLISHED 
SCIENTIFIC EVIDENCE



The 6 ft distance "rule" will reduce (but not eliminate) 
the risk of large droplet contact



Two Metres Or One: What Is The Evidence for Physical Distancing in COVID-19?

SOURCE: British Medical Journal | BMJ 2020;370:m3223



SOURCE: LTL Architects | https://issuu.com/djlewis72/docs/200622_manualphysicaldistancing_draft



MASKS ARE HIGHLY EFFECTIVE AT 
CAPTURING LARGE PARTICLES

Non-medical masks are between 20-80% effective at 
capturing infectious particles depending on the size of the 

particles, their fit, construction, and fabric.

Masks made of double-layer tightly woven fabric that fit snugly 
approach 100% effectiveness at capturing large particles. 

SOURCE: American Chemical Society | https://pubs.acs.org/doi/10.1021/acsnano.0c03252



SOURCE: American Chemical Society | ACS Nano 2020, 14, 5, 6339-6347



[micron]

SOURCE: American Chemical Society | https://pubs.acs.org/doi/10.1021/acsnano.0c03252 | DOI: (10.1021/acsnano.0c03252) 



SOURCE: American Chemical Society | https://pubs.acs.org/doi/10.1021/acsnano.0c03252 | DOI: (10.1021/acsnano.0c03252) 





SOURCE: British Medical Journal | BMJ 2020;370:m3223

Two Metres Or One: What Is The Evidence for Physical Distancing in COVID-19?



Two Metres or One: 
What Is The Evidence 
for Physical Distancing 
in COVID-19?

The importance of physical 
distancing is dependent on 
the risk of each specific situation.

SOURCE: British Medical Journal
BMJ 2020;370:m3223





EXAMPLES IN THE 
BUILT ENVIRONMENT



SECURED ENTRY



VENUE SEATING



CLASSROOMS



PUBLIC TRANSPORTATION



SHARED OFFICES



QUIZ TIME 
+ 

5 MINUTE BREAK



TRANSMISSION PATHS: 
FOMITE (SURFACE)







AN ASIDE ABOUT SCALES…
 Log Reduction 10-fold (one 

decimal) or 90% reduction

 1-Log Reduction would reduce the 
number of bacteria 90%
- 100 bacteria reduced to 10 or 10 

reduced to 1
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REVIEW OF PUBLISHED 
SCIENTIFIC EVIDENCE



SARS-CoV-2 can survive for days on non-porous surfaces
if deposited in large enough concentrations 

under the right temperature and humidity conditions.  



SURFACE STABILITY OF SARS-COV-2

SOURCE: The New England Journal of Medicine | https://www.nejm.org/doi/full/10.1056/nejmc2004973



EXAGGERATED RISK OF TRANSMISSION OF COVID-19 BY FOMITES
THE LANCET | INFECTION DISEASES - JULY 03, 2020
 Assumptions are being made based on studies that aren’t like real-life scenarios.
 Most studies start with a very large initial viral sample (e.g. 107/106/103 infectious particles)
 In a study of influenza patients from 2010 , the actual particles expelled was found to be 

closer to 20-100 per cough, not 1000 to 10,000,000

SOURCE: https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0015100



TIME TO REACH 1 LOG (90%) REDUCTION IN VIABLE SARS-COV-2 
VIRUS DUE TO NATURAL DECAY ON VARIOUS MATERIALS

SOURCE: The New England Journal of Medicine | https://www.nejm.org/doi/full/10.1056/nejmc2004973



STANDARD SURFACE CLEANING AGENTS ARE EFFECTIVE.

Alcohol, Hydrogen Peroxide, Household bleach, citric acid –
all have kill times under 1 minute when used per manufacturer directions

SOURCE: https://www.epa.gov/pesticide-registration/list-n-disinfectants-coronavirus-covid-19



STANDARD SURFACE CLEANING AGENTS ARE EFFECTIVE
 “Surface disinfection with 0.1% sodium hypochlorite or 62–71% ethanol significantly 

reduces coronavirus infectivity on surfaces within 1 min exposure time.”

SOURCE: National Center for Biotechnology Information | https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7132493/



SUNLIGHT (UVB) RAPIDLY INACTIVATES THE VIRUS.

Simulated sunlight can rapidly inactivate SARS-CoV-2 on 
surfaces, suggesting reduced risk of surface transmission in 

outdoor environments.

SOURCE: https://academic.oup.com/jid/article/222/2/214/5841129 



INACTIVATION RATES FOR SARS-COV-2 SUSPENDED IN SIMULATED 
SALIVA AS A FUNCTION OF UVB IRRADIANCE

SOURCE: The Journal Of Infectious Diseases | Volume 222, Issue 2, 15 July 2020, Pages 214–222, Https://Doi.Org/10.1093/Infdis/Jiaa274

https://doi.org/10.1093/infdis/jiaa274




https://www.ncbi.nlm.nih.gov/books/NBK401584/

UVb Range

TOTAL IRRADIANCE OF DIFFUSE AND DIRECT SOLAR RADIATION 

~1.5 W/M2 
total irradiance 
in UVB range

SOURCE: National Center for Biotechnology Information | https://www.ncbi.nlm.nih.gov/books/NBK401584/



TIME TO REACH 1 LOG (90%) REDUCTION IN VIABLE SARS-COV-2 
VIRUS IN SIMULATED SALIVA DUE TO UVB EXPOSURE

DIRECT SUNLIGHT

DARKNESS

CLOUDY

TWILIGHT

SOURCE: The Journal Of Infectious Diseases | Volume 222, Issue 2, 15 July 2020, Pages 214–222, Https://Doi.Org/10.1093/Infdis/Jiaa274
The content of this slide may be subject to copyright: please see the slide notes for details.

https://doi.org/10.1093/infdis/jiaa274


OUTDOOR PLAY EQUIPMENT



POROUS OUTDOOR SURFACES



UVC LIGHT WILL ALSO RAPIDLY INACTIVATE THE VIRUS

UVc light at 254nm has been proven to rapidly inactivate 
SARS-CoV-2 on surfaces, even at very high viral loads.

SOURCE: https://www.ajicjournal.org/article/S0196-6553(20)30756-2/fulltext



VIRAL REDUCTION OF SURFACE APPLICATION OF UVA AND UVC

90% inactivation at 2 min

90% inactivation at 2 min
Very high 
concentration 
representative of 
viral load in terminal 
COVID patient

SOURCE: American Journal of Infection Control | https://www.ajicjournal.org/article/S0196-6553(20)30756-2/fulltext

60 mJ/cm2 dose required for 1 log 
reduction

360 mJ/cm2 dose required for 1 log 
reduction





EXAMPLES IN THE 
BUILT ENVIRONMENT



ELEVATOR BUTTONS



RESTROOM FIXTURES



SHOPPING CARTS



SECURITY SCREENING





Sunlight (Uvb) 5-10 min
Uvc 1-2 min
Cleaning solution (i.e. 
bleach) – 1 min

Masks – 90%

Time 1-24 hours

Reduce touch-points



QUIZ TIME 
+ 

5 MINUTE BREAK



TRANSMISSION PATHS: 
AIRBORNE (BIOAEROSOLS)







REVIEW OF PUBLISHED 
SCIENTIFIC EVIDENCE



IS AIRBORNE (AEROSOL) TRANSMISSION EVEN POSSIBLE?
“To evaluate evidence of aerosol transmission of SARS-CoV-2, we apply the criteria of Jones 
and Brosseau (Jones and Brosseau, 2015), which are that aerosol transmission is plausible when (1) 
virus-containing aerosols are generated by or from an infectious person, (2) virus remains 
viable and infective in the aerosols for some period of time, and (3) the target tissues where 
virus initiates infection are accessible to the aerosol with enough load.”

Aerosol transmission of SARS-CoV-2? Evidence, prevention and control
Song Tang,a,b,1 Yixin Mao,a,1 Rachael M. Jones,c,1 Qiyue Tan,a John S. Ji,d,e Na Li,a Jin
Shen,a Yuebin Lv,a Lijun Pan,a Pei Ding,a Xiaochen Wang,a Youbin Wang,a C. Raina 
MacIntyre,f,g and Xiaoming Shia,b,⁎

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7413047/#b0185
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tang%20S%5BAuthor%5D&cauthor=true&cauthor_uid=32822927
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mao%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=32822927
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jones%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=32822927
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tan%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=32822927
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ji%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=32822927
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20N%5BAuthor%5D&cauthor=true&cauthor_uid=32822927
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shen%20J%5BAuthor%5D&cauthor=true&cauthor_uid=32822927
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lv%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=32822927
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pan%20L%5BAuthor%5D&cauthor=true&cauthor_uid=32822927
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ding%20P%5BAuthor%5D&cauthor=true&cauthor_uid=32822927
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20X%5BAuthor%5D&cauthor=true&cauthor_uid=32822927
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=32822927
https://www.ncbi.nlm.nih.gov/pubmed/?term=MacIntyre%20CR%5BAuthor%5D&cauthor=true&cauthor_uid=32822927
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shi%20X%5BAuthor%5D&cauthor=true&cauthor_uid=32822927


LOGIC TEST FOR AEROSOL TRANSMISSION
1. Saliva and/or respiratory fluids contain viable virus.
2. Breathing/talking/singing/coughing generate airborne particles 

of sufficiently small size to aerosolize.
3. Virus remains viable in airborne particle.
4. Breathing in airborne particles can cause infection. 

- The evidence for infection is always circumstantial.



Saliva and/or respiratory fluids contain viable virus.



SOURCE: Nature Research | Virological Assessment Of Hospitalized Patients With COVID-2019, https://www.nature.com/articles/s41586-020-2196-x

CONCENTRATION OF ACTIVE VIRUS IN LUNGS, SINUSES, 
& STOOL OF COVID-19 PATIENTS



Breathing/talking/singing/coughing generate airborne particles
of sufficiently small size to aerosolize.



SOURCE: Hamiltion



PARTICLE SIZE DISTRIBUTION FOR VARIOUS ACTIVITIES 

largesmall

SOURCE: Aerosol Science and Technology Journal | https://www.ajicjournal.org/article/S0196-6553(20)30756-2/fulltext



HOW DOES A PARTICLE BECOME AIRBORNE?

13 ft/m .7 ft/m

50 μ 10 μ

“According to Stokes’ law, the terminal velocity of a falling droplet scales as the square of its 
diameter. Once airborne, speech-generated droplets rapidly dehydrate due to evaporation, 
thereby decreasing in size and slowing their fall.”

SOURCE: Proceedings of the National Academy of Sciences 
The airborne lifetime of small speech droplets and their potential importance in SARS-CoV-2 transmission, https://doi.org/10.1073/pnas.2006874117



HOW DOES A PARTICLE BECOME AIRBORNE?

.7 ft/m

10 μ

Typical velocity of room air current



HOW DOES A PARTICLE BECOME AIRBORNE?

.7 ft/m

10 μ



HOW DOES A PARTICLE BECOME AIRBORNE?

.7 ft/m

10 μ

3.
5 

ft/
m

19.7 ft/m



Virus remains viable in an airborne particle.



TIME TO REACH 1 LOG (90%) REDUCTION IN VIABLE SARS-COV-2 
VIRUS DUE TO NATURAL DECAY ON VARIOUS MATERIALS

SARS-CoV-2 can survive for more than 3 hr in the air, with a half-life of 1.1 hr in aerosols
(21–23 °C; relative humidity 65%)

SOURCE: New England Journal of Medicine | https://www.nejm.org/doi/full/10.1056/nejmc2004973 | van Doremalen et al., 2020

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7413047/#b0440


There is a risk of “shared space” or “recirculated air” 
aerosol transmission of COVID-19.  

The 6 ft distance "rule" should be treated as a guideline not a rule, 
droplets fall in a gradient based on their size.

Keeping 6ft away from an infected person will reduce 
(but not eliminate) the risk of large droplet contact, 

but will do very little to minimize aerosol particle contact.



SOURCE: British Medical Journal | BMJ 2020;370:m3223

Two Metres Or One: What Is The Evidence for Physical Distancing in COVID-19?



SOURCE: British Medical Journal | BMJ 2020;370:m3223

Two Metres Or One: What Is The Evidence for Physical Distancing in COVID-19?



SOURCE: LTL Architects | https://issuu.com/djlewis72/docs/200622_manualphysicaldistancing_draft







Shared space risk



Shared space risk

Recirculation risk



MASKS ARE FAIRLY EFFECTIVE AT
CAPTURING SMALL PARTICLES

Non-medical masks are between 20-80% effective at 
capturing infectious particles depending on their fit, construction, 

and fabric. 

Masks made of double layer, tightly woven fabric (like cotton) that fit 
snugly are likely around 50-60% effective on small aerosol 

particles and approach 100% effectiveness on large droplets. . 



SOURCE: American Chemical Society | ACS Nano 2020, 14, 5, 6339-6347



SOURCE: American Chemical Society | https://pubs.acs.org/doi/10.1021/acsnano.0c03252 | DOI: (10.1021/acsnano.0c03252) | 
https://doi.org/10.1080/02786826.2020.1812502



EXAMPLES IN THE 
BUILT ENVIRONMENT



EDUCATION



WORKPLACE MEETING AREAS



DINING AREAS



QUIZ TIME



RECAP





REVIEW OF SESSION 1
 There are 3 main transmission paths: Fomite, Large droplet, and Aerosol
 Masks are very effective at large droplet capture & ~50% effective at capturing small ones
 Sunlight rapidly inactivates coronavirus
 UVc light also rapidly inactivates coronavirus
 Aerosol transmission is possible
 The virus that causes COVID-19 stays viable in the air for roughly 3 hours



HENDERSONENGINEERS.COM
HENDERSONBUILDING.COM

THANK YOU

Dustin Schafer PE | Director of Engineering
dustin.schafer@hendersonengineers.com


	Understanding the science behind mitigating the transmission of covid-19��Session 1: Transmission Paths�Session 2: Airborne mitigation strategies�session 3: estimating effectiveness of risk mitigation strategies��Angela Harrison Kuli MSIE, PEM, CEA | AHK Consulting, Inc.�
	Transmission paths��Dustin Schafer, PE | Director of Engineering
	Thank you to our sponsors for this series
	THE Why BEHIND THIS CONVERSATION
	What we’re going to cover
	Session 1: Understanding transmission paths
	TERMINOLOGY RECAP
	the illusion of explanatory depth
	How this is going to work
	Slide Number 10
	Slide Number 11
	Transmission paths: �large droplet
	What is a large droplet?
	Review of published scientific evidence
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Examples in the built environment
	Secured Entry
	Venue seating
	classrooms
	Public transportation
	Shared offices
	Quiz time �+ �5 MINUTE BREAK
	Transmission paths: �fomite (surface)
	Slide Number 34
	Slide Number 35
	An aside about scales…
	Slide Number 37
	Review of published scientific evidence
	Slide Number 39
	Slide Number 40
	Exaggerated risk of transmission of COVID-19 by fomites
	Slide Number 42
	Slide Number 43
	Standard surface cleaning agents are effective	
	Slide Number 45
	Inactivation rates for SARS-CoV-2 suspended in simulated saliva as a function of UVB irradiance
	Slide Number 47
	Total irradiance of diffuse and direct solar radiation 
	time TO REACH 1 LOG (90%) REDUCTION IN VIABLE SARS-COV-2 �VIRUS in simulated saliva due to uvb exposure
	Outdoor play equipment
	porous OUTDOOR surfaces
	Slide Number 52
	Viral reduction of surface application of uva and uvc
	Slide Number 54
	Examples in the built environment
	Elevator Buttons
	Restroom fixtures
	Shopping carts
	Security screening
	Slide Number 60
	Slide Number 61
	Quiz time �+ �5 MINUTE BREAK
	Transmission paths: �airborne (bioaerosols)
	Slide Number 64
	Slide Number 65
	Review of published scientific evidence
	Is airborne (aerosol) transmission even possible?
	Logic test for aerosol transmission
	Slide Number 69
	Slide Number 70
	Slide Number 71
	Slide Number 72
	Particle size distribution for various activities 
	How does a particle become airborne?
	How does a particle become airborne?
	How does a particle become airborne?
	How does a particle become airborne?
	Slide Number 78
	time TO REACH 1 LOG (90%) REDUCTION IN VIABLE sars-cov-2 vIRUS due to natural decay on various materials
	Slide Number 80
	Slide Number 81
	Slide Number 82
	Slide Number 83
	Slide Number 84
	Slide Number 85
	Slide Number 86
	Slide Number 87
	Slide Number 88
	Slide Number 89
	Slide Number 90
	Examples in the built environment
	Education
	Workplace meeting areas
	Dining areas
	Quiz time
	recap
	Slide Number 97
	Review of session 1
	Slide Number 99

