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Evidence is piling up that the very efficient spreading of the coronavirus happens by
aerosols:
Nature 2020, NEJM 2020, Lancet 2020, PNAS 2020,



De natuurkunde van de Corona-verspreiding: aerosolen en
superspreader events

Ventileren, ventileren....... We hebben ventileren niet goed gecommununiceerc
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e large aerosols

O large droplets
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Size Matters

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

DUST PARTICLE (PMie) <10um >
RED BLOOD CELL 7-8um

RESPIRATORY DROPLETS S-10um 3

DUST PARTICLE (PM2.s) 2.5um > - . h?

BACTERIUM 1-3um >
WILDFIRE SMOKE 0.4 0.7um >
CORONAVIRUS 0.7-0.5um » :
T4 BACTERIOPHAGE 0.225um ¥ \
 “ZIKA VIRUS 0.045um » §
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Aerosols defy the 1.5 m rule
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Aerosols: Laser sheet imaging of a cough

Speeds from 2-7 m/s
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Aerosols: Laser sheet imaging of a cough
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Aerosols: Drop sizing (laser diffraction)
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How many small drops?
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« a single cough: liguid 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 pum).

Small aerosol droplets, ~20 million microdroplets produced in a
single cough and ~7 million for speecm
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Persistence of aerosols (ill ventilated room)

16 minutes!

Small drops take minutes tclb sediment
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Aerosols: Persistence of small drops in small
confined spaces
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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
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@g@ ;& World Heath ....Another recent experimental model
found that healthy individuals can
o produce aerosols through coughing
Transmission of SARS-CoV-2: and talking (19). To date, transmission
implications for infection of SARS-CoV-2 by this type of aerosol
prevention precautions route has not been demonstrated;

much more research is needed given
the possible implications of such route
of transmission.

Scientific Brief: SARS-CoV-2 and Potential Airborne Transmissi...

Scientific Brief

9 July 2020

’,'7"’ Centers for Disease
’ / Control and Prevention

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.
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Evident question: what gives the drop size
distribution from speaking and coughing ?
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UNIVERSITEIT VAN AMSTERDAM Spray formation: complicated 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
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UNIVERSITEIT VAN AMSTERDAM Drop size prediCtion from spray
parameters and spraying liquid
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Drop size & distribution

For one size of ligaments, drop
size distribution is given by:

n

n

I"_IE*_"I
['(n)

P (n.x=d/(d)) =

Where n gives the roughness of
the filaments, here n~5

What determines the drop size in sprays?
S Kooij, R Sijs, MM Denn, E Villermaux, D Bonn
Physical Review X 8 (3), 031019 (2018)
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Similar ligaments are formed when
coughing!
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Similar ligaments are formed when coughing!
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Back to COVID-19: drop size distribution
from speaking and coughing is really just

spraying!
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* Very polydisperse, no strong non-Newtonian effects!
» Coughing produces both fini and coarse ligaments
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Can we use this knowledge to do a risk assessment?

How to model the aerosol persistence?
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How to evaluate air quality?
Subjl hoest 2 Lo
q = 6.65E-03 light pixels/mm?
E i 0.6
Dried-up aerosols=dust! s co
Cleanroom dust meter! L A R S S
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Coughing ——7m8
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Aerosols: Persistence of small drops in small
confined spaces
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5 um drop from 1.5m -> 9 minutes aerosols
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Complete model including gravity, evaporation,
initial velocity...

» Quantitatively predicts our and PNAS (Bax and coll.) persistence data
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Stadnytskyi et al., PNAS, '20 Data
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Aerosol persistence in relation to possible transmission of SARS-CoV-2
S. Smith et al., Phys.Fluids. (2020)



[ UnrvERSITEIT VAN AMSTERDAN Risk analysis from persistence

q = 1.01E-03 light pixels/mm?

infection after inhaling 100-1000 particles
(From SARS-CoV-1)

y (mm)
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ISi 3 yrorwworaant SR 11 § ool <1 Wilfel et al. Nature 2020: 581: 465-469.
coooesl  10%<CopiesInhaled< 10’ g 3 10% < Copies Inhaled < 10°
124 09909 ~opies Inhaled > 10° 4 12¢ “opies Inhaled > 10° H
LRt e R 2 Coples aheled> 10 ~104, in the aerosols after 1 cough
£ 000000000000000000000000 R .o
R HHHEH R We (Smith et al
"!—-: :.........O.............. !: @ o000 O0OGSS
£ 6 000000000000000000000000 g 63 ccecsecses
O oeecsecsecsecsccsccscses A 3 ececsecsecse
ss33isiiasssassiissiiass 5 sssssssasesess MAXIMUM VIRAL LOAD
0(3)::::3::::l:q:::‘::(‘)::‘::l:’::::l: of o sadsdaas ~2x10%virus particles/milliliter
Residing Time (min) Residing Time (min)

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

Conclusion: superspreaders are
dangerous, as IS bag ventitaltion ‘
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gf’@“\\; World Health
WY Organization

Coronavirus disease
(COVID-19): How is it
transmitted?

13 December 2020 | Q&A

30 April 2021: Finally!

The English version was updated on 30 April 2021.

How does COVID-19 spread between people?

We know that the disease is caused by the SARS-CoV-2 virus, which spreads between
people in several different ways.

The virus can spread from an infected person’s mouth or nose in small liquid particles
when they cough, sneeze, speak, sing or breathe. These particles range from larger
respiratory droplets to smaller aerosols.

« Current evidence suggests that the virus spreads mainly between people who
are in close contact with each other, typically within 1 metre (short-range). A
person can be infected when aerosols or droplets containing the virus are

where people tend to spend longer periods of time. This is because aerosols
remain suspended in the air or travel farther than 1 metre (long-range).
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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?
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Respiratory masks from ICU (laser sheet)
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R. Bem et al., Aerosol formation during HFNC — risk assessment for SARS-
CoV-2 transmission to health care workers, Respiratory care (2021)

| Risk: LOW |
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Conclusions

m Aerosol transmission of SARS-CoV-2 is likely to
be a risk, especially superspreaders

m [ he solution Is: Ventilation, ventilation,
ventilation.....

m This is a truly interdisciplinary problem where
physics and engineering should be combined
with biology and virology

2 geselecteerd v QOveral A 23 5ep 2020-11 Nov 2020 ~ Alletalen v A

Een zoekvraag opstellen ~  Meerfilters -

94 resultaten | Dubbeleartikelen: | Deminsteresultaten  ~ | (7 Datumbereil: | 23 5ep 2020 - 11 Nov 2020
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The team

10P: S. Kooij, g

Medspray/ loP: C. van Rijn

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

Cardiologie Centra Nederland: I. Tulevski, A. Somsen

VUMC: L. Hofstra m

 Hoe nu verder?
* Zijn aerosolen elders belangrijk?

S. Smith
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Wetenschap Simpele remedie tegen opspatte
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Luchtkwaliteit: fijnstof

air pollution caused 8.8
million extra deaths in 2015.
The World Health
Organization (WHO)
estimates smoking kills about
/ million people a year
globally.




m Bringing the outside air indoors
Chemistry: No, and SO, mortality

Case 2b Mortality

Cardiopulmonary
1-10

@ 11-50

@ 51-100

@ 101-200

@ 201-300

@ 301-600

The ventilation paradox: most
harmful chemical come from the
outside: do we really want to
ventilate more?
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[ Uoversremun Awsteroat - Eyample: cardiac stress testing

# particles/liter air
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s (handheld particle counter) and CO, strongly
ed: simple CO, measurement could suffice!
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With Air purifier
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Temperature

Fine Dust
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