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Disclaimer

• The presenter is neither a virologist nor 
an aerosol scientist, but just an 
exposure scientist.

• The presentation is grounded on 
published papers and not on the 
presenter’s original work.



February 2020
https://www.youtube.co
m/watch?v=SO9JfbZBS
Dg

Droplets……



Awareness campaigns: Past…

November 1918
United States Public Health Service 



Awareness campaigns: 2020

August 2020
US-CDC Centers
for Disease 
Control and 
Prevention



The transmission paradigm 

SOURCE RECEPTOR



The ‘controversial’ issues regarding SARS-CoV 2

Dominance of transmission pathway: 
droplet vs aerosol or short-range vs long 
-range

Definition of aerosol/ cut-off size

Public Health  Agencies
Aerosol Science 

community



Historical perspective (1)



Historical perspective (2)

Randall, Katherine and Ewing, E. Thomas 
and Marr, Linsey and Jimenez, Jose and 
Bourouiba, Lydia, How Did We Get Here: 
What Are Droplets and Aerosols and 
How Far Do They Go? A Historical 
Perspective on the Transmission of 
Respiratory Infectious Diseases (April 
15, 2021). Available at SSRN: 
https://ssrn.com/abstract=3829873



Origins of the 5 micron cut-off(?)
(Randell et al., 2021)

Wells, William Firth.
Airborne Contagion and 
Air Hygiene. An Ecological 
Study of Droplet 
Infections. 1955.
Cambridge : Harvard 
University Press

Langmuir AD Airborne 
Infection: how 
important for public 
Health? 1964 AM J 
Pub Health, 

Not just what stays 
suspended but what 

would truly infectious 
based on the ability 

to reach the deepest 
lungs, e.g. particles 1-

5 µm

Droplet size is 
relevant because of 
where the aerosols 
are deposited in the 

lungs.
(Distinguish large 

droplets and aerosols 
(< 5 µm))



Origins of the 1-2 m rule
(Randell et al., 2021)

• Short-range liquid droplet fallout on 
other persons or surfaces 

• Ballistic: / distance travelled by droplet

• Limitations (historical studies) 
– Resolution optical techniques

– Deposition on colony growing plates and 
short sampling times 
• Threshold of infectious dose (TB)



Visualization of a sneeze
(Jones et al., 2020 BMJ)

1942 2020



Two worlds..

Focus on droplet fate Focus on 
and the  ‘receptor’ emission and 

transport

Virology
Aerosol 
science

Communication?



Input from aerosol science

Tang et al, 2021  J Hosp Inf 110:89-96



Same terminology…
different silos..different meanings



Particle size distributions

Morawska & Buonanno, 2021 
Nature Review Physics

SOURCERECEPTOR



Aerosol Dynamics and droplet fate

Dhawan & Biswas, EST 2021



DOI: (10.1021/acs.est.1c00235) 

Aerosol Dynamics and droplet fate



Horizonatal distance traversed

Dhawan & Biswas, EST 2021

T= 298 K, RH=50%



Droplet composition and RH
Liu et al, 2016b
Indoor Air

Droplet nuclei formation; 
At high RH (> Threshold RH) 
equilibrium is maintained;
At low RH a crust is formed 

Evaporation 
100 µm at 95% RH ~ 100s
10µm at 35% RH ~ 2s

Dried –out droplet nuclei ~ 30% 
initial droplet size 



Implications

• Droplets generated by both 
(symptomatic and asymptomatic) 
infected persons (suspended in air) can 
travel beyond 2 m in indoor air

• Droplets will decrease their initial size 
due to (environmental conditions 
depending) evaporation and remain 
suspended for several hours



Summary of source-receptor model parameters

Parameters Affects

SOURCE

Emission of 
aerosolized sputum 
and saliva

Symptomatic Sneezing
Coughing

Initial particle size 
distribution (PSD)
Initial particle velocity
Quanta rate

Asymptomatic Speaking
Breathing

TRANSPORT Environ-mental 
conditions

RH
T
Air velocity

Evaporation rate
Deposition rate
-final PSD
Virus inactivation rate
Loss

Ventilation AER

RECEPTOR Distance to source
Activity pattern/ breathing 
rate

BZ viral concentration
Lung deposition (efficacy  
location in RT)



The transmission paradigm  (2)



Quantative risk assessment modelling

Early 2020



Modelled risk of infection
at separation of 2.4 m with no background velocity 

LEGEND
-------- 5s  cough

--------- 1 min speaking

Dhawan & Biswas, EST 2021

Risk as a function of time



Modelled risk of infection
with no background velocity 

LEGEND

-------- a single cough

------- 10 s speaking

-------- 1 min speaking

--------- 10 min speaking

Dhawan & Biswas, EST 2021

Risk as a function of separation



Room occupancy and CO2-concentration



CO2 as indicator for level of exhaled air

Issarow et al , 
2015

Determinants: number of occupants, room volume and air 
ventilation

Richardson et al, 
2014

Theoretical 
relationship

Concentration in 
Ambient air

Rule of thumb:  CO2 concentration << 1000 ppm



Indoor scenario:  Classroom



Modelled risk as function of exhalation rate and 
room ventilation 

T-60-LS = 
teacher loudly 
speaking for 
60 mins
T-60-S=
teacher 
speaking
M= effect of 
mask

Stabile et al., 2021



Proposal for a more flexible risk assessment  

(Jones et al., 2020 BMJ)



Conclusions

Current rules on safe physical distancing 
are based on outdated science

Evidence suggests that substantial 
infection risk may exist beyond 2 m 
distance

Non-pharmaceutical interventions 
(especially for indoor scenarios should be 
risk-based

Ventilation is a key risk management 
measure!



Morawska et al., 201, 
Science 372:6543



Awareness campaigns: present
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