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...and the remaining 95% of the
Universe NOT made of visible matter...

What is the matter made of ?

W @ .
3 (.
[

atom electron nucleus  proton neutron quark
End of Begining of
th _ cth
oo 19th 200 1960s
century century
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Now to the topic ...

RN A. Henriques et al.
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Science-driven approach:
for emerging risks

©CERN Source: Forbes.com Employers Get High Marks For Keeping Workers Safe During Covid: Survey

Specific technological hazards General standard hazards

Risk-based approach

C\Iﬁw A. Henriques et al.
<7/ 23-Nov-22 CAIMIRA | TAPAS Network



https://imageio.forbes.com/specials-images/imageserve/6044e787b0565c09768f1715/Young-people-with-face-masks-back-at-work-or-school-in-office-after-lockdown-/960x0.jpg?format=jpg&width=960

TAPAS Why and How ?

Tackling air pollution at school

Pre-print
(medrxiv)

INTERFACE
FOCUS

Artomae vamamissicn of SARS Cov-2

In the top 5% #10000
of all research
outputs scored
by Altmetric
Swiss Medical Weekly
N SARS-CoV-2 aerosol transmission in schools: the Reviewer 1 (jacob Bueno de Mesquita, Ph.0) | @S/ Mo
: . . effectiveness of different interventions
Modelling airborne transmission of SARS- Reviewer 2 (Richard M. Lynch, Ph.p) | ll @] @@ o
CoV-2 using CARA: risk assessment for R S R SN R IR SRR i RS
enclosed spaces rmbpoiaoea)cprnd Loy ey o RO iz
Andre Henriques &, Nicolas Mounet, Luis Aleixo, Philip Elson, James Devine, > :,w;;m S:W P,om ra;d = (F";;):;‘?&m? sw'"“’m“ . v E@@ oo « Potentially Informative
Gabriella Azzopardi, Marco Andreini, Markus Rognlien, Nicola Tarocco and Julian Tang ! m:mmﬁ:?@. Ce . olGu\rtm‘ ction D Indoor Pollutants Unit, Berne, Switzerland EEEEC - Reliable
Published: 11 February 2022 https://doi.org/10.1098/rsfs.2021.0076 " Thess authors contributed equally https://rapldreVIeWSCOVId 1 g mltpress mlt.ed

https://doi.org/10.4414/smw.2022.w30178 u/pub/v476eifz/release/1

A. Henriques et al.
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Timeline of the pandemic 2020

Science-driven proposal
* Literature review
* Expertise (physics)

Prepare for a safe re-start; rules
and regulations were evolving

Directorate decision e Y

- Feasibility @@ L[

* Impact (+/-) |

« Communication plan Dedicated

. eaicate

« Transparency in the 15t large purchase instrucltionsfor

rationale in April 2020 ventilation
Jan 2020: Mar

Declarationto New disease: 1 Million
WHO ofnew  COVID-19 p,h4emic  cases
Corotgav'rli’s declared

outbrea Lockdown

21-Nov-22
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A. Henriques et al.
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Mask mandates:

Closed public
A spaces

companies

Closed

spaces A g/’@
1 3
| NP
. World Health
- Organization
|
|

Public

Host States

Importance of
ventilation :

52,

-w-:m ENTRE FOR
VENTION.

Full endorsement Full endorsement

I by WHO by CDC and
! B\\ -=" = PR I hitps://youtu.be/XICLi7F 7 ECDC
1 - “\ | 4qtc ,

..... ! .’..T... \ 1 /1 //

Py \ cebelen peeennt]

----------- ......\...... " - DeC 2020

Start of 2nd
wave in Europe

New outbreak
after 1st wave
in China

Update of the modes
of transmission by
WHO

Peak of 2nd wave

Daily new cases
still very high...



https://youtu.be/XJC1f7F4qtc

Timeline of the pandemic 2020

Host States
Science-driven proposal Prepare for a safe re-start; rules
: prop b i - Mask mandates: Importance of

* Literature review and regulations were evolving ventllatlon
» Expertise (physics) Closed public Closed , L

. .. Wear a mask. spaces spaces A \‘1/[,/ |- \)\\JI TV
Directorate decision f I &
+ Feasibility @@ H: World Health S

rganization
* Impact (+‘/ -). | I I | Il endorsement Full endorsement
«  Communication pl o by CDC and
+  Transparency in't Quantitative approach enabllng piacitze 7 ECDC
rationale —

---------------- flexibility, tallored measures & targeted mvestment

Peak of 2nd wave

Declarationto New disease: 1 Million New outbreak Start of 2nd
WHO ofnew  COVID-19 b, qemic  cases after 1st wave wave in Europe
coronawrlijs declared in China Daily new cases
outbrea Lockdown Update of the modes still very high...
of transmission by
WHO

N A. Henriques et al.
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https://youtu.be/XJC1f7F4qtc

What is CAIMIRA ?

CAi M I RA = A model for assessing the risk of secondary on-site

CERN Airborne Model for transmission, via the airborne route, of respiratory

Indoor Risk Assessment pathogens in indoor settings, using different pharma and
non-pharma measures.

Airborne transmission ?

 ‘“the virus spreads mainly between people who are in close contact with each other (..) when infectious particles that pass
through the air are inhaled at short range”

 “the virus can also spread in poorly ventilated and/or crowded indoor settings, where people tend to spend longer
periods of time”

https://www.who.int/news-room/g-a-detail/coronavirus-disease-covid-19-how-is-it-transmitted

‘Short-range’
Expiratory jet

‘Long-range’
Background concentration

Ventilation

Source: UConn Today Source: TIME.com

Air pollution analogy d > 2 m (or independent of d)

i Chen W. et al. (2020) Short-range airborne route dominates
23-Nov-22 A. Henriques et al.

CAIMIRA | TAPAS Network exposure of respiratory infection during close contact.



https://today.uconn.edu/2017/11/dont-vape-health-away/
https://asmall1863.wordpress.com/2015/11/03/the-smoke-filled-room-is-dead-long-live-the-smoke-filled-room/
https://www.chemistryworld.com/news/car-exhaust-fumes-could-be-used-to-clean-up-the-recovery-of-metals/4011028.article
https://time.com/4155365/china-red-alert-smog/
https://www.who.int/news-room/q-a-detail/coronavirus-disease-covid-19-how-is-it-transmitted

“\ CAIMIRA
.*]  CERN Airborne Model for

Indoor Risk Assessment Removal rate

=N
==

Model architecture: R N —
5-tier methodology Emission Exposure
rate
Z &

5

= Ve VY \f‘:

=
Probablllty of infection Cumulative
(i.e. transmission / risk profile) (absorbed) dose

A. Henriques et al.
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“\ CAiIMIRA
-*] CERN Airborne Model for
Indoor Risk Assessment

Removal rate
S
s

=

Emission Exposure
rate
Z N
&({(\\ .,'I,'\\ %\\\ o
ST /2 y R // ul
N/ =1 5
Probability of infection Cumulative
(i.e. transmission / risk profile) (absorbed) dose

A. Henriques et al.
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“\ CAiIMIRA
-*] CERN Airborne Model for
Indoor Risk Assessment

Removal rate
S
s

=

Emission Exposure
rate
Z N
&({(\\ .,'I,'\\ %\\\ o
ST /2 y R // ul
N/ =1 5
Probability of infection Cumulative
(i.e. transmission / risk profile) (absorbed) dose

A. Henriques et al.
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“\ CAIMIRA
.*]  CERN Airborne Model for

Indoor Risk Assessment Removal rate

=N
%2.\

\_-—é

Emission Exposure
rate \
"4

&

i"'// K

=
Probablllty of infection Cumulative
(i.e. transmission / risk profile) (absorbed) dose

A. Henriques et al.
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CAIiMIRA

CERN Airborne Model for

Indoor Risk Assessment Removal rate

=N
%2.\

Each class can be treated
independently:

* Flexibility

* update

GRAPHIC: \},ALTOUN\AN/SC[ENCE

Gl

Stochastic model: Emission
Large variability rate

Important advice
* Virus-laden aerosols
are NOT just aerosols

Monte-Carlo simulations

Model: probability
distributions (inputs and ZzZ N

outputs) &:9/ ((( .
NG

&

Results: show mean, /X
median, IQR, 5™ per, ST /_f‘_/ a5 // ‘3‘5:
- A
95t per, etc. \\ _ / - ~\\ - 9
Probability of infection Cumulative
(i.e. transmission / risk profile) (absorbed) dose

A. Henriques et al.
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CAIiMIRA

CERN Airborne Model for
Indoor Risk Assessment

Apps ~ COVID information About

i’n ) CAIMIRA - CERN Airborne Model for Indoor Risk Assessment

Introduction

CAIMIRA is a risk assessment tool developed to model the concentration of viruses in
enclosed spaces, in order to inform space-management decisions. It does this by simulating
the airborne spread SARS-CoV-2 virus in a finite volume, assuming homogenous mixing for
the long-range component and a two-stage jet model for short-range, and estimates the
risk of COVID-19 airborne transmission therein. Please see the About page for more details
an the methodology, assumptions and limitations of CAIMIRA.

The full CAIMIRA source code can be accessed freely under an Apache 2.0 open source
license from our code repository. It includes detailed instructions on how to run your own
version of this tool.

Apps: [ 1) Calculator ] { 7 Expert (beta) ]

A. Henriques et al.
CAIMIRA | TAPAS Network
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Results <
Probability of infection (%) Probability of infection (%) Acceptable: Taking into account the uncertainties tied
Without short-range interactions With short-range interactions

to the model variables, in this scenario and assuming
all occupants are exposed equally (i.e. without short-
range interactions), the probability of one exposed
occupant getting infected is 1.8% and the expected
number of new cases is 0.02".

Attention: In this scenario, assuming short-range
TR TR e R, interactions occur, the probability of one exposed
occupant getting infected can go as high as 2.1%.

21% Note: the current CERN COVID Scale is Green — 1
The public health and safety restrictions are reduced fo
a mininum. Align your risk assessment with the
guidance and instructions provided by the HSE Unit.

This activity has an elevated level of risk, ALARA principles must be applied to minimise the level of risk before undertaking the activity See the footnotes
for more details on the ALARA principles

* The results are based on the parameters and assumptions published in the CARA publication: doi org/10.1098/rsfs 2021 0076
Show doses from long-range exposure alone

203 -

! —
28 o LWE 5 — Mean concentration
. B &=
25 o o = -- Cumulative dose
= . L @
T 24 - e fed 3 Presence of exposed person(s)
% 22 o '," :LJH E Short-range - Breathing
2 ., »7 e ' = -- Long-range cumulative dose
= b o~ -’ L0T =
E 12 _,' e ! )
....... - - L08 ©
S 18 . ¢ so0 g
® e 27 I o
Z 0s 8
8 1 a4 [ AT Loy B
-
=1
S 1o 1 E
g ] -
|
4 o Lo §
@
SEE L=
o1
LES i
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= oo

08:00 10:00 1400 1200 12:00 14:00 15:00 16:00 17:00
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CAIMIRA What for ?

Indoor Risk Assessment

Risk score: absolute values Risk assessment: tailored measures

Example
Probability of

Results

Compensatory measures:

ELIMINATION
—to physically remove the pathogen

infection (%):
Probability of infection (%) Probability of infection (%)
‘Without short-range interactions With short-range interactions
777777777777777777777777 B ENGINEERING CONTROLS
i i i : i o — to separate the people and pathogen

: | 1

| t i - r ; ]

| | I

: 1 =) P PERSONAL PROTECTIVE EQUIPMENT
| |

{‘ | 1

- to use masks, gowns, gloves, etc.

B e N N R T it i s e e ]

. 2-1%

13.8%

Black or White ?

. rgb(255, 255, 255)

S e 9.6% I\
= N / ‘:= ;

A. Henriques et al.
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CAIiMIRA

CERN Airborne Model for
Indoor Risk Assessment

What for ?

Knowledge and communication

PCR positive =100 to 100 billion RNA copies / mL (!!)
Not yes / no answer ; no zero risk

V.05 ;Vfo.gs
relaxing measures
Increase risk of

transmission

————
reinforcing

i measures

. decrease risk of
. transmission

103 104 10° 10° 107 108 10° 1010 1011 1012
Viral load (RNA copies mL™!)

A. Henriques et al.
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1.0 1 —— Windows closed |
—— Multiple windows open + Masks*
*No close-proximity interactions

0.8
c
2
-t .
2 By opening
Y= i .
c 06 windows and
Y= .
° prescribing masks
>
=
S 0.4 1
©
Q
o
—
o

0.2

e e
i
0.0 ~ : | I 1
103 104 103 10° 107 108 10° 10%° 10t 10%2
Viral load (RNA copies mL™1)
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CAIMIRA What for ?

Indoor Risk Assessment

Knowledge and communication

Viral B
Concentration

Notion of exposure

time & risk *

- “Dose 4

~dl=d2=d3

*dose intensity neglected Rt M. e 2 OLOREeReE 0 000 R
(something to be looked at) SR rEay R £ T TR R T S T T T YR Ry

Courtesy of L. Aleixo

A. Henriques et al.
CAIMIRA | TAPAS Network
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Communication Is

key in science-driven
policy !

Communication

Transparency

Trust

1 Compliance




CAIMIRA What for ?

Indoor Risk Assessment Executive summary

1. Surgical face masks, HEPA filters and window open-
ing are cffective strategics to reduce the risk of air-
borne transmission and have eumulative effects.

Guidance for specific settings

2. Among feasible interventions tested in our model,
mask wearing is the most effective against airborne
transmission (8-fold reduction in cumulative dose ab-

Spring/summer Winter sorbed) and is the only one that also protects against
short-range transmission.

3. Opening windows only during yard and lunch breaks
is not effective at decreasing risk (from 1.1 to 1.5-fold

>
w

All day (60 cm) - 58
o Atday ©0cm) ® * o reduction in cumulative dose absorbed).
= < . . )
%_ Cumlative §- r— o Cumlative 4, _Opemng several wmld.ows 011 on:e side 01." the_ room dur-
Z  Hourybreaks- 132 116 o dose z dose ing the whole. teach_mg peﬂoc_i is effective in summer
2 »., 2 »., (3-fold reduction with two windows, 7-fold reduction
% 150 % Hourly breaks 140 115 90 150 with six Windows).
& Yardiunch breaks - 146 140 138 ;go fry ;go 5. It is even more effective in winter (7.5-fold reduction
g - 5_"3"’""”"‘ breaks e g == - with two windows, 20-fold reduction with six win-
£ &

dows) but inadvisable (energy waste and thermal dis-
Windows closed - 167 167 167 Windows closed _ CDIII.fGl‘t)
) | | . . . 6. The partial opening (20 em) of two windows during

N . 1 2 6 1 2 6 the whole teaching period or the full opening of six
SWIS S Me d lcal We ekly Number of windows open Number of windows open windows for 10 mimutes at the end of cach teaching pe-

P . C D riod (every 45 minutes) can be effective measures in
SARS-CoV-2 aerosol transmission in schools: the : : .
. N X N 300 20 winter (3- and 2.7-fold reduction, respectively), espe-
effectiveness of different interventions o apen g ek : it iy amen during breaks { cially if combined with surgical face masks (23-fold
2001 —— window open at all times. 2001 —— window slightly open at all times H .
. ; $250 —— Window fully open at all times 250 reductmn).
Jennifer Villers®, Andre Henriques®, Serafina Calarco®, Markus Rognlien®, Nicolas Mounet®, James Devine®, Gabriella :
Azzopardi®, Philip Elson®, Marco Andreini®, Nicola Tarocco®, Claudia Vassella®, Olivia Keiser' 5 g § @ 7. Two air filters correctly placed in the room with an air
2 Global Studies Institute, University of Geneva, Switzerland B 10 F2008 B 10 003 g =
® European Organization for Nuclear Research (CERN), Geneva, Switzeland Ea ; g Eo E flow rate 01." 5 times the room .VO]ITIIIC (CADR 800
¢ Foundaton forInnovative New Diagnostcs (FIND), Geneva, Switzeriand S = Sk 5z m® bl achieve a 4-fold reduction in cumulative dose
Norwegian University of Science and Technology (NTNU), Trondheim, Norway S ¢ 150 5.8 o c 105 9 . . . .
© Federal Office of Public Health, Consumer Protection Directorate, Indoor Pollutants Unit, Beme, Switzerland 28 100 EsS 28w ES absorbed in summer and a 5-fold reduction in winter.
! Institute of Global Health, University of Geneva, Switzerland £s 3 £3 e
(hesesutiors sl equaly E 100 § % w0 g 8. Inexpensive CO, meters can provide good information
DOI: https://doi.org/10.4414/smw.2022.w30178 2 L o= 2 5 Po= about the effectiveness of natural ventilation (through
Publication Date: 23.05.2022 i e window opening), but not the effectiveness of air puri-
Swiss Med Wkly. 2022;152:w30178 i . | fiers.
of Lo o o o . .
13 1 : 3 3 3 5 7 8 13 1 : 3 3 : © 7 & 9. CO; measurements may underestimate the transmis-
E h E ime (h LT . . g . .
xposure time (h) xposure t',me( ) sion risk if the infectious individual has a high viral

load or if there is more than one infectious individual
in the room.

01/09/2020 Andre Henriqgues | CARA

Sterelization WG



CAiMIRA Model Accuracy

CERN Airborne Model for
Indoor Risk Assessment

Long-range Benchmark using CO, + natural vent

— predicted model (CAMIRA)
. 1400 —— Sensor data
Benchmark using recorded outbreaks e e .
. — e o0 Y& Window opening
H INTERFACE Benchmark o . 61 .
e e r_ reVI ewe FOCUS scenario: inging-type: oceupants:
Skait valley Shouting, 1 infector: Mechanical: 810 Original 1000
Chﬂfalt Y light activity - 2h30min 0.7 ACH S[iin z
Research articles outbreak [83] Indoor 40 < RH <60 % exposure & non g 800
. . . . Sedentary-type: i vaccinated B
Modelling airborne transmission of SARS- Benchmark o king, 68 occupants; . occupants
C V 2 . C AR A' " k f scenario: Bus scated 1 infector: Infiltration: 45 a
oV-Z using : risk assessment for ride outbreak [ - 1h40min 1.25 ACH 8
ndoor humidity: —
enclosed spaces [84,85] A0 <RH <609 exposure 0
Andre Henriques &, Nicolas Mounet, Luis Aleixo, Philip Elson, James Devine,
Gabriella Azzopardi, Marco Andreini, Markus Rognlien, Nicola Tarocco and Julian Tang e
Published: 11 February 2022 https://doi.org/10.1098/rsfs.2021.0076
0
8:00 10:00 12:00 14:00 16:00 18:00 20:00
Time of day
E 1.0
Exhaled virions while breathing for 1h E
Short-range
c
104 2 s
245
E £ 04
- . o N . o e e e e e — o — e
3= " : Two-stage jet model | |
i1 HE :
6w " g | |
go CARA(SARS - CoV - 2] Y oo
=1 = Result from madel 2
%é (uh;::‘:ll. (SARS - Col' = 2): o ! 2 BBR (m3n:) B ° ! | v |
E o Milton etal. {influenzal : | |
# Mean
»  25th per. § ¥ Chorale. I I
e \ . ; [ '
# Mean \ i mal
» 25thper. .L\ g . .gll 3
L A ialeeesssd [ : [
107 107 10! 10% 10 107 100 10° 1010 101 101 ‘. I ? L [ L 4

NP viral load, vli,
(RNA copies)

?

!
\

i

H U 7 Wei J. et al (2022), Exposure and respiratory infection
|
|

g

Emission rate {virions h~')

2

SARS-Cov-2
Breathing = Measles

L risk via the short-range airborne route, Building and
| ifuenzs Environment, 219, 10.1016/j.buildenv.2022.109166

W shouting Rhinovirus

SARS-CoV-2 Literature Data
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Imadel) [recorded outbreaks) f ‘

[L 5D

A. Henriques et al.
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CAIMIRA

CERN Airborne Model for
Indoor Risk Assessment

Arbitrary ex (classroom)

 Full day at school (1h lunch break, 2 playground breaks)

« No ventilation
« No masks

~-— &

Courtesy of WHO — ARIA WG

Distance

Probability of infection (%)

e e Pl X e i ey Qe s N S e |

e ]

‘Background' (long-
range) concentration

\ Dose
22 4

18 o
16 o

14 4 -

12 e

Mean concentration (virions/m3)
-
Ay

-

Mean concentration

= Cumulative dose

Presence of exposed person(s)

~ =2 ™ - -y =
o L)% ES
Mean cumulative dose (infectious virus)
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CAIiMIRA

CERN Airborne Model for
Indoor Risk Assessment

Arbitrary ex (classroom)
* Full day at school (1h lunch break, 2 playground breaks)
« No ventilation

- Mean concentration

° NO maSkS - g:lerzs:?(:zl zfd:;;osed person(s)
« Close-proximity interactions: infected student is 1) listening ‘Expiratory jet' (short- e i
. ] . K20
and 2) speaking. 40 range) concentration ~_, -
’f |_18 ——
E =7 F "/‘ E‘IS E
© !
= Background S
§ «1 (long-range) | &
£ | concentration K 2
g Total .-~ .
------- ! E
8 .-~ Dose 3
T Ly E
L [} T4 @
= 20 - - - \'\/—_: 2 %
. —.—> s T
Distance e I
0 "|.— T T T T T T T T : 0
09:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00
Time of day

Courtesy of WHO — ARIA WG




CERN Airborne Model for
Indoor Risk Assessment

CAiIMIRA Apps ¥ COVID information

%-n C\AiMIRA - CERN Airborne Model for Indoor Risk Assessment

Introduction

CAIMIRA is a risk assessment tool developed to model the concentration of viruses in
enclosed spaces, in order to inform space-management decisions. It does this by
simulating the airborne spread SARS-CoV-2 virus in a finite volume, assuming
homogenous mixing for the long-range component and a two-stage jet model for short-
range, and estimates the risk of COVID-19 airborne transmission therein. Please see the
About page for more details on the methodology, assumptions and limitations of
CAIMIRA.

The full CAIMIRA source code can be accessed freely under an Apache 2.0 open source
license from our code repository. It includes detailed instructions on how to run your own
version of this tool.

1) Calculator ’ ‘ = Expert (beta) ‘

3 Applications B About {£] Documentation Q Git

CAIMIRA is composed of two About page for details on Documentation for CAIMIRA, Official CAIMIRA GitLab

A. Henriques et al.
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CERN Airborne Model for
Indoor Risk Assessment

i CAIMIRA Apps * COVID information About

p CAiIMIRA - CERN Airborne Model for Indoor Risk Assessment
Just out of the pipeline...

. i 2
Introduction Vaccinated? ~ ONo @ Yes

CAIMIRA is a risk assessry  Primary vaccine: Ad26.COV2.S (Janssen) v

enclosed spaces, in order

sirniisting e srbomey With booster? ONo ®Yes
homogenous mixing for |

range, and estimates the

About page for more dey  BOOSter: v Ad26.COV2.S (Janssen)

CAIMIRA BNT162b2 (Pfizer)

The full CAIMIRA source ¢ BNT162b2 (Pfizer) or mRNA-1273 (Moderna)
license from our code reg Other

version of this tool

i) Calculator EZ Expert (beta)

5 Applications B About {¥] Documentation ¢ Git
CAIMIRA is composed of two About page for details on Documentation for CAIMIRA, Official CAIMIRA GitLab

N A. Henriques et al.
\W 23-Nov-22 CAIMIRA | TAPAS Network




CAiMIRA Partnership with
e WHO - ARIA

Airborne Risk Indoor Assessment - ARIA

World Health
Organization

18 world-
Distance> renowned
external experts

SOy oL D - AR A TS N/ Luca Fontana, Alice Simniceanu, WHO

A. Henrigues et al. : ‘ -
ANy CAIMIRA | TAPAS Network _ | : - A e




CAIMIRA

CERN Airborne Model for
Indoor Risk Assessment

Define a standardized model, to quantify SARS-CoV-2
airborne risk transmission (inhalation) in different indoor
settings including residential, public and health care
settings.

Provide a standardized methodology to define
recommended indoor ventilation rate threshold values for
different applications to drive policy and regulatory
intervention related to indoor air quality and infectious
diseases transmitted through the airborne route,

Guide the development of an online, user-friendly tool to
enable the general public and building managers to
assess SARS-CoV-2 airborne risk transmission in
residential, public and health care settings to inform risk
reduction measures.

A. Henriques et al.

23-Nov-22 CAIMIRA | TAPAS Network

Partnership with
WHO - ARIA

Several
tools exist /

presented.
Take the best
out of all

ARIA Working Group

9 from the healthcare field

virology, infectious diseases, infection
prevention and control, epidemiology
and biostatistics, public health

\af/ﬁ«‘%’\; World Health
W& % Organization

——

CERN

9 from the engineering field

engineering, physics, modeling,
architecture, aerosol science, indoor
air quality
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Luca Fontana, Alice Simniceanu, WHO
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Use of IAQ monitors

CO, sensors:

Use exhaled CO, as surrogate to exhaled viruses.

CO, concentrations provides an indirect notion of the risk

High CO, concentrations or slow decay = insufficient air exchange
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Purchased several

CO, sensors at CERN

Most effective in areas where the ventilation conditions are unknown / difficult to monitor (e.g. natural ventilation)
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M. Gameiro, Implementing New and Classical CO2 Tracer Gas Methods for the Assessment of
Ventilation Indicators in Residential Buildings, 2018 ASHRAE Winter Conference, Chicago IL




Use of IAQ monitors

Experiments (of course)

23-Nov-22
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CO, [ppm]
950 r == T T T T
- N
1 Enter office 08:35 1 1
(=] o 2 Enter office 09:15 1 2
@ m m @ 3 Leave office 09:52 1 1
220 4 Enter office 11:35 1 2
21.2m2 5 | Open window (door closed) | 11:36 N/A N/A
6 Close window 12:00 N/A N/A
7 Leave office 12:01 2 0
] 8 Enter office 13:54 1 1
9 Leave office 15:35 1 0
10 Enter office 15:49 1 1 450
11 Open window (and door) 16:10 N/A N/A
12 Close window 16:15 N/A N/A - L
Time of the day
Using exponential regression: )\ [ACH]
Area Equation R? Exponential term
People leaving (door closed) ) ; y= 7-97626“-578" 0.9818 11.578
. y = 4088.8e-3577x 0.8577 —3.577
People _enterlng (door closed) [ ) 3 Y = BE407e 5375 0.8122 —23.77] Factor 6 to 22,
Open w!ndow (doorclosed) [ 4 y = 4225.6e-3765« 0.9855 ~ —3.765_ compared to reducing
Open window (door open) [ 5 y = 10.812e67643 0.9551 6.7643 emissions
| 6 | y = 9E+31e-99.65 0.9326 [ =99.65 |

Courtesy of L. Aleixo



Real-time risk indictor

Data analysis
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Real-time risk indictor
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Update the ACH
parameter
(windows open
or closed) in the
model

,/
s

Update the emissions
parameter (people
leaving or entering) in
the model




Real-time risk indictor

Dissertation for MSc in Connected Environments at the

Centre for Advanced Spatial Analysis, Bartlett Faculty of the
Built Environment, UCL.

Extending COVID Risk Assessment Models with Ambient
Sensors

by Wing Hong OR

Supervisor: Dr. Martin de Jode

OR, Wing Hong. (2022). Extending COVID Risk
» Assessment Models with Ambient Sensors [Zenodo].

A. Henriques et al.
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https://doi.org/10.5281/zenodo.7344404

CAIMIRA Dissemination

Indoor Risk Assessment

Accelerate your i 27 | @
Innovation @) - : 0

technology R Stive = CAIMIRA git

repository

The Knowledge Transfer Group |§

can help you take your technglggy -
from the laboratory to the markefg A\
Ly | o/
</

N S COLLABORATION

#CERNPeopleDoKT

4 Citations
Ak CAIMIRA tool: Publication:
Visit http://kt.cern/medtech https://doi.org/10.5281/zenod0.6520431 https://doi.org/10.1098/rsfs
Contact us at KT.MedicalApplications@cern.ch 20210070
Alessandro Raimondo — KT officer -
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https://doi.org/10.5281/zenodo.6520431
http://kt.cern/medtech
mailto:KT.MedicalApplications@cern.ch
https://gitlab.cern.ch/cara/caimira/
https://doi.org/10.1098/rsfs.2021.0076

) CAIMIRA Dissemination

Indoor Risk Assessment

TAPAS

Tackling air pollution at school

1. Set-up a webserver (e.g. in on of your institutes)
2. Deploy the web app -> README

3. Share the link to the network James Devine
...computation might get heavy. Slightly more o anoor "
resources needed on the server-side, compared to CERN
typical web apps. https://caimira.devinemarsa.com/

}E‘ CAIMIRA-dev@cern.ch ‘0 linode

A. Henriques et al.
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https://gitlab.cern.ch/cara/caimira/-/blob/master/README.md
https://caimira.devinemarsa.com/
mailto:CAiMIRA-dev@cern.ch

Fundamental Research To Society

Knowledge Transfer (examples)

v 7G|
Phys. Med. Biol., 1983, Vol. 28, No. 9, 1009-1019. Printed in Great Britain
= A general method for three-dimensional filter computation

B Schorrt, D Townsend? and R Clack$

* DD Division, CERN, Geneva, Switzerland
$ Department of Nuclear Medicine, Cantonal Hospital, Geneva, Switzerland

®) BioDynaMo

Biclogy Dynamic Modeller
Reccived 24 September 1982, in final form 7 February 1983 gy Dy

Agent-based modelling

Medipix — color x-ray
(MARS Bioimaging )

— - — P P 3 &
|| See inset for close-up view of affected roads % 3 <

around the Baradim Stadium in Mukalla City
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Computing Grid — image processing for

Proton / Hadron therapy humanitarian missions

A. Henriques et al.
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Thank you for your attention



