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Topics for 
Today

• Is SARS-CoV-2 airborne?
• Are crowded poorly ventilated 

environments risky?
• What evidence-based controls can we 

implement in buildings? 



physical distancing 
works

2 m = 6 ft can keep you out of the short-
range aerosol transmission plume

How Airborne Transmission Occurs
Wei, J., Li, Y., 2016. 
Airborne spread of 
infectious agents in 
the indoor 
environment. 
American Journal 
of Infection Control 
44, S102–S108



For more info on 
respiratory 
aerosols, check 
out my article at 
The 
Conversation



The short-range airborne route (< 2m) is found to 
dominate at most distances studied during both 
talking and coughing. 

Close Contact
“Respiratory tract infections are among the top 10 
leading causes of death worldwide, and close contact 
plays a critical role in many respiratory infections.” 

Zhang, N., Tang, J.W. and Li, Y., 2019. Human behavior during close contact 
in a graduate student office. Indoor air, 29(4), pp.577-590.

The large droplet route only dominates when 
the droplets are larger than 100 μm and 
when the subjects are within 0.2 m while 
talking or 0.5 m while coughing. 

Most people spend time around 0.5 m apart



Is SARS-CoV-2 airborne? 
Environmental Data suggests 
this is a route…

• Elevated concentrations of viral RNA in air 
detected in Wuhan hospital patient room toilet 
area and  rooms where medical staff removed 
PPE (none found in well ventilated halls etc.)

• Moderate viral RNA concentrations detected in 
air samples in crowded areas of hospital and 
department store 
• 15-min exposure = inhaling 1 copy of viral RNA; 

majority were PM2.5, can remain suspended for 2+ h

• Viral RNA detected on surface of air outlet fan 
(Singapore)

• NOTE: SARS-CoV-1 spread through the air
• Airplane, hospitals, apartment buildings

Liu, Yuan, Ning, Z., Chen, Y., Guo, M., Liu, Yingle, Gali, N.K., Sun, L., Duan, Y., Cai, J., 
Westerdahl, D., Liu, X., Xu, K., Ho, K., Kan, H., Fu, Q., Lan, K., 2020. Aerodynamic analysis of 
SARS-CoV-2 in two Wuhan hospitals. Nature. https://doi.org/10.1038/s41586-020-2271-3

https://doi.org/10.1038/s41586-020-2271-3


The air sample near the breathing
zone of workers had more virus than
environmental airborne samples.  A 
couple of the airborne samples were 
culture positive, so infectious.



Compelling evidence to show significant 
transmission in crowded poorly ventilated spaces
• Clusters in Japan resulted from close contact in fitness gyms, restaurant 

boat on a river, hospitals, snow festival tented restaurants
• Ski-chalet associated transmission in France, ski-gondola transmission in 

Idaho
• Singapore Clusters from tourist shop, banquet dinner, church
• Church-associated clusters in South Korea and Washington state
• 3 family clusters in air-conditioned restaurant

Ordinary speech aerosolizes 
significant quantities of 

respiratory particles. Some 
people are also super emitters 

(10-min conversation = cloud of 
6000 aerosol articles)

Short-range airborne route 
dominates during talking and 

coughing during close contact (< 
2m). Large droplet dominates 

when > 100 um and within 0.2 m 
while talking



Sketch showing arrangement of restaurant tables and air conditioning airflow at site of 
outbreak of 2019 novel coronavirus disease, Guangzhou, China, 2020. Red circles 
indicate seating of future case-patients; yellow-filled red circle indicates index case-
patient.

Early Release - COVID-19 Outbreak Associated with Air Conditioning in Restaurant, Guangzhou, China, 2020 - Volume 26, Number 7—July 2020 - Emerging Infectious Diseases journal - CDC.pdf, n.d.
Li et al. - 2020 - Evidence for probable aerosol transmission of SARS.pdf, n.d.
Li, Y., Qian, H., Hang, J., Chen, X., Hong, L., Liang, P., Li, J., Xiao, S., Wei, J., Liu, L., Kang, M., 2020. Evidence for probable aerosol transmission of SARS-CoV-2 in a poorly ventilated restaurant (preprint). Infectious Diseases 
(except HIV/AIDS). https://doi.org/10.1101/2020.04.16.20067728

https://doi.org/10.1101/2020.04.16.20067728


Outdoor Transmission?



SARS-CoV-2 aerosols has a half-life of 1 hour in terms of 
infectivity, can stay airborne and infectious for a while

Time it takes for amount to 
decrease by 50%

• Air: 1 hour
• Cardboard: 4 hours
• stainless steel: 5.6 hours
• plastic: 6.8 hours

Time it takes for no virus
• Cardboard: 24 hours
• stainless steel: 48 hours
• plastic: 72 hours

• Air samples show COVID is in fine 
aerosol

• Fine particles of ~1 µm can stay 
aloft for a couple of hours



Evidence-
based 
airborne 
infectious 
disease 
controls –
during 
epidemics

Wear Masks

•precautionary principles

Wash hands and surfaces with soap

Increase outdoor air ventilation rates and distribute 
effectively

•Do not recirculate the air

Use air cleaning and disinfection devices

•Germicidal ultraviolet (gUV) light
•Filtration

Minimize the number of people sharing the same indoor 
space

•Reduce viral loading, unsuspected transmission



surgical face masks could prevent transmission of human 
coronaviruses and influenza viruses from symptomatic and 

asymptomatic individuals

Leung, et al., 2020. Respiratory virus shedding in exhaled breath and efficacy of face masks. Nature Medicine, pp.1-5.



Increase (clean) 
outdoor air supply

• building ventilation can be as effective as 
public health interventions 

• existing ventilation rates may be too low 
to prevent or control airborne infectious 
diseases in indoors

• and might need to be increased by 10x

Gao, X., Li, Y. and Leung, G.M., 2009. Ventilation control of indoor transmission of 
airborne diseases in an urban community. Indoor and Built Environment, 18(3), 
pp.205-218.



Germicidal UV

UVC LEDs

Mercury vapor lamps



Rooms in which HVAC retrofits are 
difficult to do but additional air 
changes are needed to reduce risk 
of infections (e.g. hospital ERs, 
treatment and isolation rooms)

Rooms in which infectious aerosol 
may be generated (e.g. hospital 
treatment and isolation rooms) and 
additional control is needed Crowded environments where 

unsuspected infectious persons may 
be present (e.g. jails, homeless 
shelters, hospital waiting rooms)

Lighting Research Center
Rensselaer Polytechnic Institute

Upper-Room Air Disinfection



The first sentence of this paper reads: 
“The prevalence of respiratory infection 

during the season of indoor 
congregation suggests a natural 

relationship between ventilation and 
communicable disease.”
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UVC in NY schools modified the 
spread of measles/chicken pox 

(Perkins et al. 1947)
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Xu,  et al. 2003. Efficacy of ultraviolet germicidal irradiation of upper-room air in inactivating airborne bacterial spores and
mycobacteria in full-scale studies. Atmospheric Environment, 37(3), pp.405-419.

Xu, et al. 2005. Impact of environmental factors on efficacy of upper-room air ultraviolet germicidal irradiation for inactivating 
airborne Mycobacteria, ES &T, 39:9656-9664

Upper-Room germicidal ultraviolet lights
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Xu,  et al. 2003. Efficacy of ultraviolet germicidal irradiation of upper-room air in inactivating airborne bacterial spores and
mycobacteria in full-scale studies. Atmospheric Environment, 37(3), pp.405-419.

Xu, et al. 2005. Impact of environmental factors on efficacy of upper-room air ultraviolet germicidal irradiation for inactivating 
airborne Mycobacteria, ES &T, 39:9656-9664

Upper-Room germicidal ultraviolet lights

We found that among different 
engineering control measures, UVGI 
singly is the optimal strategy 
combined with effective isolation 
and vaccination interventions for 
containing influenza, measles, and 
chickenpox. 
Liao, C.M., Chen, S.C. and Chang, C.F., 2008. Modelling respiratory infection control measure 
effects. Epidemiology & Infection, 136(3), pp.299-308.



Air cleaners really work!

CADR = 260 
Max flow = 340 cfm
Area for cleaning? 700 ft2

HEPA



Summary

Evidence for 
airborne 

transmission of 
COVID-19 is strong

• sampled in the air 
and exhaust vents

• SARS was airborne
• Outbreak clusters 

amongst people 
who did not come 
into close contact

Precautions against 
inhaling the COVID 

virus are 
recommended

• Physical distancing 
removes you from 
the zone of virus 
emission due to 
coughing, talking, 
breathing

• increasing 
ventilation, adding 
filtration or gUV
treats the indoor 
air by increasing air 
changes

Precautions 
against spreading 

the disease are 
recommended

• Wear masks in case 
you are 
asymptomatic

• Physical distance 
so you don’t spray 
another with virus

• Wash hands
• Frequent buildings 

that are well 
ventilated

• Spend 


