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Blue d < 10μm → disperse like smoke

Red 10μm < d < 20μm → start feeling gravity after minutes 
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9/2020 Dr. A. Fauci notes the “5 μm error” in health guidance (e.g. WHO) 

Aerosols: physical phenomena, re-definition 
and the rough journey towards acceptance
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Part 1: Present status on 
recognition of aerosols as a 

transmission mode



  

Small vs large droplets

Airborne transmission
→ aerosols = small
droplets/droplet nuclei

Droplet transmission
→large droplets 

Asadi et al. (2019)

Aerosol generation:

→ loudness of speaking
increases aerosol rate
→ super-emitters emit
much more than others

https://doi.org/10.1016/j.ssci.2020.104866

Stadsnytskyi et al. 
(2020)

Aerosol generation: 

→ high variation in 
patient viral load 
→ particles suspended 
long time e.g. 15min-
hours until ventilation
removes

https://doi.org/10.1016/j.ssci.2020.104866


  

Result by Vuorinen et al. on aerosol exposure for mixing ventilation: 
We have proposed a theoretical model that explains average 
aerosol exposure by inhalation

Average aerosol concentration (particles/m3) level in a room

Number of inhaled aerosols for a person during time t

Number of persons
Ventilation (air exchange time)Fraction infected

Volume Speaking Coughing

Duration of
inhalation

Inhalation
rate

https://doi.org/10.1016/j.ssci.2020.104866

https://doi.org/10.1016/j.ssci.2020.104866


  

Recent updates on airborne transmission 9/2020

“THE LANCET” 9/2020:
The huge error 
in definition of aerosol size (5μm)
acknowledged

Correction: Vuorinen et al. (2020) + 
NASEM workshop 8/2020: 
50-100μm more correct

Fauci 9/2020: 
- acknowledges the huge error in 
definition of aerosolized particle size

- acknowledges transmission via particles 
that remain in the air over time and 
distance



  

Recent updates on airborne transmission 10/2020
UK and U.S. 10/2020: 
- acknowledge aerosols i.e. airborne
transmission in poorly ventilated 
spaces over extended period of time
- main mode: close contact

Merkel 10/2020: fresh air and ventilation 
may be one of the cheapest and 
most effective ways to tackle 
the coronavirus



  

Part 2: Phenomena



  

1/4: Air moves and transports the aerosols = small 
particles that follow the flow – same physics as cigarette 

smoke 



  

https://science.sciencemag.org/content/368/6498/1422

= Very small invisible particles 

= Vast majority from speaking
& coughing will stay airborne
from minutes to hours & travel
with air 

https://science.sciencemag.org/content/368/6498/1422


  

2/4: Aerosols and droplet size distribution have been 
measured and well-understood (e.g. Johnson et al. 2011) 



  

2/4: Aerosols and droplet size distribution have been 
measured and well-understood (e.g. Johnson et al. 2011) 

NOTE: 1) viral load may strongly depend on their site of origin in the respiratory tract 
(may not scale with d3), 

2) evaporation complicates interpretation of figure below.



  

3/4: “Falling time” for solid particles in 
still ambient air

EXAMPLE:

CORRECT: d=10 μm solid 
particle falls down from 1.6m 
height in approx. 8 minutes in 
fully still air (airflow neglected)

Terminal velocity:

Particle timescale 

Falling time:



  

4/4: Droplet falling time and hence virus 
concentration in the air depend on the relative 

humidity which affects evaporation rate. 
Below: stagnant air.  



  

In dry air conditions a very large 100 μm droplet could stay in still air ~50 sec. 

In moist air conditions a very large 100 μm droplet could stay in still air ~8 sec. 

EXAMPLE



  

Part 3: Outlook and conclusions



  

Airflow

Recirculation
zone I

Recirculation
zone II

Fast GPU based 
high-fidelity simulations for 
public safety assessment
(Academy of Finland)
PI: V.Vuorinen



  

Conclusions
  

● AEROSOL: re-defined to include large portion of large droplets as well 
● AIRBORNE TRANSMISSION: highly relevant mode 
● BUT: most commonly short range (shared air), poorly ventilated places, 

exposure time depends on distance
● ESSENTIAL SUPPLEMENTARY GUIDANCE URGENTLY NEEDED: 

ventilation, outdoors better than indoors, masks
● MOTIVATE PEOPLE: why social distancing, why avoid crowds, how to 

decrease personal risk? 
● MULTIDISCIPLINARY: fluid mechanics, virology, chemistry, medicine, 

behavioral sciences, HVAC
● NOTE: hygiene (e.g. hand/cloth contamination) very important. Possibly 

as important as inhalation.  



  

Tweet by Finnish government on  
28/7/2020
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