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Diseases & disorders related to indoor environment

A Shift from physical complaints to depression (EU, 2008)

A Obesity (WHO, 2004) >\
A Cardiovascular diseases, lung cancer, é@wfas 2007) 4
A Chronic respiratory diseases (Fisk et al., 2007) _
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A Discomfort (annoyance) )
A COVIBLY

Staying indoors Is not good for our health



Indoor environmental quality: schools, offices, homes, hospitals, etc.

Doserelated indicators
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Occupantrelated indicatogs™ J
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TheSenselLablest chambers

Ground floor: Air and thermal quality: 2.4 x 3.9 each
First level: Light and sound quality: 2.4 x 2.%each
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Test chambers
Sniffing table
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by sensory evaluation, Indoor and Built environment 33(1):95




SenselLab: The Experience room

D

A room of 6.1 x 4.2 ifor integrated percepton of IEQ with natural, mixing and
displacement ventilation, cooling & heating, humidification, HEPA filter, control of the
lighting temperatures (colours), and creation of sound.



Experience room: cross-modal effects

Assessment of 36 combinations by 335 children:

A All/less acoustical panels

o B ] ~ A 2 vantilatinn nrincinles: _
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air more odorous, while no odour was added.

A3 types of ledighting:
A Direct
A Indirect
A Soft

A3 types of background sound:

| o A None
Bluysseret al. (2019) Intelligent Buildings R Traffic

Internationall 3(4):275292 A Talking children



Study on effects of different sounds in the SenselLab with
smart wearables and perceptual assessments

il T —

Smart watch: Heart
rate, breathing rate

Brain link: attention and
relaxation level
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perceptual assessments insoundexposure experiments, Indoor Environments 1:10066.



Corona researchSomehlstory
paun g A April 3, 2020petition to WHOwith group36

A May 27, 2020Morawskal, et al. (2020) Hosanairborne
transmission of COVAI0 indoorsbe minimised Env Int. 142,
105832.

A JuneJuly2020:moviesl.5m,ventilation, and masks

A 13-07-2021 letter to Minister-President Ruttesignedby 20
scientistsleadto iconventilation duringpressconferences
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Wassen Afstand Testen Ventileren
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(KNAW projecthttps:// www.youtube.coniwatch?wbTiE6bF_PZo




Projects

A 20202021:ZonMwLINZ 2 S O-Go¥/2 tkifisiiss{on isecondary
schoolsandthe influenceof indoorenvironmentalcondition2

A 20232024: Two projects funded by Ministry of Education, Culture &
Science on air cleaning at primary schools

A 2022- Pandemic & Disaster Preparedness Centre was created: front
runner project AirbornePredicting, measuring and quantifying airborne
Virus transmission.

A 2023-2025: P3Venti

A 2025c¢ 2026: MIST



Assessment of ventilation and air cleaning in classro=-"-
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Zang et al. (2022) Indoor aluilt Environment 31:11626 Ding et al. (2024) Indoor arRLilt Environment 33(10):196¥ A
Ding et al. (2023Building and Environmen109922. :\ 4 '

Ding & Bluyssen (202RoomVenR024 Stockholm, April 225



Labstudy
CQO, Monitoring

Subjects: 3 ACQ concentrations vary a lot between different locations in a classroc
Classroom

L v & & N. AAt leasttwo sensors are needed for naturally ventilated classrooms: one “
4 ventilatior 0N opposite of the windows and one on backwall
A No ventile _ _ |
AOutdoor CQconcentration vary during the day and per location,

therefore needs to be contlnuously monitored
A Open winaows & aoor —t . o

A Open win

,,,,,,

A Mixing ventilation

Zhang D, Ding E & Bluyssen PM (2022)
Guidance to assess ventilation
performance of a classroom based on CO,

monitoring, Indoor and Built
Environment 31(4):1107-26.




Under pandemic: assessment of ventilation in 11/36 secondar
schools/classrooms in the Netherlands

Students aged 128

3-4 classroom per
school

Both before & after a
nationallockdown
(occupancy halved)

Ding E et al. 2028entilation and thermal conditions in secondary schools in the Netherlands: Effects of-COpaDddemic
control and preventive measureBuilding and Environme229.



Underpandemic20202021
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A in 45 % of the classrooms, ventilation rates were below 10 I/s per perso
A Increase ventilation rate per person after lockdown due to halving of
occupancy

A Thermal conditions before and after lockdown unsatisfactory according

the guidelines |
s R




Mobile air cleaners (MACs): Lab study in summer 2023

- MAC1 |MAC2 |MAC3 |MAC4 |MAC5 |[MAC6 | MAC7

Airflow
pattern

Techno
logy

Max.
CADR

Noise
dB(A)

HEPA +
AC

1000

30-62

/ |
/ - ) — )

= ES+AC ES+AC HEPA  HEPA
+ AC
610 330 735 1386 565 750

19-57 19-53 27-35 3349 18-51 26-65

CADR = Clean Air delivery Rate; HEPA = High efficiency Particulate Air; AC = Activated Carbon; ES = Ele



Experience room
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A CADR influenced by induced airflow pattern
location, and nhumber of devices: more than'
8001 MACs
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Ding E, Giri A, Galllard A, Bonn D, Bluyssen PM (2024) Using mobile air cleaners in school classrooms for aerosol r
Which, where and how, Indoor and Built Environment 33(10):1®64
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Field study at 5 primary schools: 45 classrooms, with each 2 MACs
Measurements of PM;, PM,;, CQ, and TVOC in 3 classrooms for 6 weeks



PM, (> En3  1.2(1.01.6) 3.0 (2.53.5) 0.001
PM,,(> Bn®  5.0(2.85.9)  8.9(5.89.9) < 0.001
CO(ppm) 985 (8471135) 1014 (8331169) 0.158

TVOC (ppb) 1000 (7701812) 1066 (67@2228) 0.925



Longrange
airborne

Personal air cleaner

transmission

Shortrange
alrborne
transmission

® respiratory aerosols
Ding et al. (20228 uilding and Environme07:108484



Performance of personalized air cleaner (exhaust) l
for removing respiratory aerosols in school classrooms

1.Measuring respiratory particle counts 3. CFD simulation to determine optimal configura
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2. Assessment of noise & draft
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Pandemic and Disaster
Preparedness Center

PDPC

Quantitative models New setups

Ventilation? Air decontamination

yanerlri , _ SuzannaMijnhardt
How long infectious?

TU Delft Distribution? What affects stability? e
Transmission routes of How far? Via air; droplets Fluid dynamics
different virus families / (small or 'afge)\ Improve air sampling
_ How much? " Fate of the droplets?
£, How long? 9 0 ,

Indirect contact

Direct contact '
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KainSaygan
Erasmus MC

Dr. YunusAksoy
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Front runner project Airborné?redicting, measuring and quantifying airborne virus transmis
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Mixing Displacement Stratum

Face-to-face = |
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Giri et al. 2024




ventilation reduce airborne transmission

How can

i

Microcontroller (Arduino UNO)

Suction Pump
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* Modelling temperature difference between air and skin
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Barely interacting respiratory jets Head-on collision of respiratory jets
under the influence of thermal without buoyant thermal plumes
plume



How to control all pollutants?



