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De natuurkunde

van Corona-

verspreiding

Evidence is piling up that the very efficient spreading of the coronavirus happens by 

aerosols:

Nature 2020, NEJM 2020, Lancet 2020, PNAS 2020, 



28 mei 2020:

Ventileren, ventileren…….
19 juli 2021:

We hebben ventileren niet goed gecommununiceerd

De natuurkunde van de Corona-verspreiding: aerosolen en

superspreader events

aerosolen



Aerosols vs. large drops



(1um aerosol takes ~ 10 minutes to fall to the floor)



Aerosols defy the 1.5 m rule



Aerosols: Laser sheet imaging of a cough

Speeds from 2-7 m/s



Aerosols: Laser sheet imaging of a cough



Aerosols: Drop sizing (laser diffraction)

• Small (2-10 mm) drops from 

both speaking and 

coughing

• In addition when coughing 

large (100mm-1mm) drops 

Aerosols (usual definition <5mm)
Large drops (‘1.5m rule’)



How many small drops?

• a single cough: liquid weight of 0.07 ± 0.05 gram, 

• speaking ten times: weight of 0.003 ± 0.001 gram.

For coughing: volumetric distribution shows 98 ± 1% of the 

volume contained in the large drops (100-1000 µm). 

Small aerosol droplets, ~20 million microdroplets produced in a 

single cough and ~7 million for speech



Persistence of aerosols (ill ventilated room)

16 minutes!

Small drops take minutes to sediment



Aerosols: Persistence of small drops in small 

confined spaces

Small droplet aerosols in poorly ventilated spaces; the need for specific measures 

to prevent SARS-CoV-2 transmission, A. Somsen et al. Lancet Resp.Med.2020



….Another recent experimental model 

found that healthy individuals can 

produce aerosols through coughing 

and talking (19). To date, transmission 

of SARS-CoV-2 by this type of aerosol 

route has not been demonstrated; 

much more research is needed given 

the possible implications of such route 

of transmission. 

Airborne transmission of SARS-CoV-2 can occur under special 

circumstances

Pathogens that are mainly transmitted through close contact (i.e., contact 

transmission and droplet transmission) can sometimes also be spread via airborne 

transmission under special circumstances. There are several well-documented 

examples in which SARS-CoV-2 appears to have been transmitted over long 

distances or times.

 CloseFind pages with...
!

All these words:

Results must contain all of these words

This exact word or phrase:

Results must contain this full phrase

Any of these words:

Results must match at least one of these words

None of these words:

Results cannot contain any of these words

Language:

Any

Find pages in the language you select

URL contains:

Result URLs must contain this term

Between these dates:

From

To

Results updated between these given dates

Audience:

Any

Topic:

Any

Content Type:

Any

SearchClear

MENUCoronavi rus Disease "

Scientific Brief: SARS-CoV-2 and Potential Airborne Transmissi... https://www.cdc.gov/coronavirus/2019-ncov/more/scientific-brie...

1 of 5 27/10/2020, 18:27

WHO July 2020

file:///C:/Users/areid/AppData/Local/Microsoft/Windows/INetCache/Content.Outlook/RR38AXQP/SB 2020.3 Modes of transmission COVID-19 2020-07-09 EN.docx#_ENREF_19


Evident question: what gives the drop size 

distribution from speaking and coughing ?
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How can we go further? 



What gives the drop size (distribution) in a 

spray?

S. Kooij, R. Sijs, M. Denna, E. Villermauxb, D. Bonn
aCCNY, bAix-Marseille Universite. (PRX 2018)

Institute of Physics



1. Kelvin Helmholtz

Instability: two

fluids, with

different speeds

2. Rayleigh-Taylor

Instability: two fluids, 

density difference

3. Rayleigh-Plateau

Instability: two fluids, 

Surface tension

Spray formation: complicated physics!



Drop size prediction from spray 

parameters and spraying liquid

First 

prediction of 

the drop size!



For one size of ligaments, drop 

size distribution is given by:

Where n gives the roughness of 

the filaments, here n~5

P

Drop size & distribution

What determines the drop size in sprays?

S Kooij, R Sijs, MM Denn, E Villermaux, D Bonn

Physical Review X 8 (3), 031019 (2018)



Similar ligaments are formed when 

coughing!



Similar ligaments are formed when coughing!



Back to COVID-19: drop size distribution 

from speaking and coughing is really just 

spraying!

Cough
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• Very polydisperse, no strong non-Newtonian effects!

• Coughing produces both fine and coarse ligaments



How to model the aerosol persistence?

Can we use this knowledge to do a risk assessment?



How to evaluate air quality?

Dried-up aerosols=dust!

Cleanroom dust meter!



Aerosols: Persistence of small drops in small 

confined spaces

5 mm drop from 1.5m -> 9 minutes aerosols



Complete model including gravity, evaporation, 

initial velocity… 

Aerosol persistence in relation to possible transmission of SARS-CoV-2

S. Smith et al., Phys.Fluids. (2020)

• Quantitatively predicts our and PNAS (Bax and coll.) persistence data



Risk analysis from persistence

infection after inhaling 100-1000 particles

Wölfel et al. Nature 2020: 581: 465-469. 

We (Smith et al.) 

(From SARS-CoV-1)

~7×106 virus particles/milliliter

~2×109 virus particles/milliliter

Wölfel et al. Nature 2020: 581: 465-469. 

MAXIMUM VIRAL LOAD

AVERAGE VIRAL LOAD

~104, in the aerosols after 1 cough

Conclusion: superspreaders are 

dangerous, as is bad ventitaltion



30 April 2021: Finally!



Respiratory masks

from the ICU at our

academic hospital

(Amsterdam UMC) 

Can high-flow nasal cannula (HFNC) 

oxygen therapy be used on Covid-19 

patients without risk for the hospital 

staff?



HFNC with nebulization           HFNC alone              NRM therapy

Respiratory masks from ICU (laser sheet)

R. Bem et al., Aerosol formation during HFNC – risk assessment for SARS-

CoV-2 transmission to health care workers, Respiratory care (2021)

Risk: LOW



Conclusions

 Aerosol transmission of SARS-CoV-2 is likely to 

be a risk, especially superspreaders

 The solution is: Ventilation, ventilation, 

ventilation…..

 This is a truly interdisciplinary problem where 

physics and engineering should be combined 

with biology and virology



The team

IoP: S. Kooij, S. Smith

Medspray/ IoP: C. van Rijn

AMC: L. van der Hoek, A. Vlaar, R. Bem

Cardiologie Centra Nederland: I. Tulevski, A. Somsen

VUMC: L. Hofstra

• Hoe nu verder? 

• Zijn aerosolen elders belangrijk?



Het Parool, gisteren



air pollution caused 8.8 

million extra deaths in 2015. 

The World Health 

Organization (WHO) 

estimates smoking kills about 

7 million people a year 

globally.

Luchtkwaliteit: fijnstof



Bringing the outside air indoors

Chemistry: Nox and SO2 mortality 

The ventilation paradox: most 

harmful chemical come from the 

outside: do we really want to 

ventilate more? 



Amsterdam

Inside my house In my open window



Example: cardiac stress testing

Aerosols (handheld particle counter) and CO2 strongly 

correlated: simple CO2 measurement could suffice!
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With Air purifier
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Indoor Air Quality

Let’s built the IAQ opportunity 
together

This will change our lives!!!

Temperature

Humidity

Fine Dust

VOC’s

Ultrafine dust

Pathogens (Virus/Bacteria/Fungi)

CO2, Nox, O3..

www.iaqsociety.org


