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Limitations of previous projects:
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indoor behaviour From: Meier, Eeftens, ..., Kiinzli (SAPALDIA),
Consider only the average of a week- JESEE, 2015

long measurement / annual average
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The Markers of Pollution (MARKOPOLO) project

* Noise and ultrafine particulate matter
* Cerebral and cardiovascular diseases

* Experimental and epidemiological studies

Activities at Swiss TPH in the first year:
Stationary and mobile measurements,
indoor & outdoor UFP exposure characterization

3 Marloes Eeftens | 3June 2026 | ETHNPC

U
MARK POLO
2

Noise and/or ultrafine particulate
matter induced cerebral and cardio-
vascular damage: novel insights
frdr@xperimental and epidemio-
logical'brain-heart axis biomarkers
and computational models



Aim
To investigate how indoor air quality depends on:
Outdoor air quality

Everyday behaviour of the residents

Building characteristics
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Helfen Sie mit -
wir messen die Luftin lhrem Zuhause!

Was atmen wir eigentlich ein? Nehmen Sie teil an unserem
Forschungsprojekt. Wir messen die Luft in Ihrer Wohnung
und erforschen den Einfluss von Bauweise und
Alltagsverhalten.

Haushalte den Kantonen Basel-Stadt & -Land gesucht! Pro Haushalt
suchen wir eine Ansprechperson tber 18 Jahre.

Interessiert?

Besuchen Sie unsere Webseite und
kontaktieren Sie uns tUber das Formular!

Weitere Informationen finden Sie auf unserer Website.
Haben Sie Fragen? Dann kontaktieren Sie uns:

Telefon: +41 79 840 76 56

E-Mail: markopolo@swisstph.ch

Webseite: www.swisstph.ch/markopolo

Eine Kontaktaufnahme ist unverbindlich.



Methods: indoor / outdoor measurements

* Simultaneous measurements:
o Indoors in the main living room

o Outdoors on the balcony / in the garden

* At 60 homes in Basel (CH) and surroundings:

o 17 Homes which use wood for heating —
o 18 Homes on major streets Indoor Setup
o 16 "Minergie" homes (energy efficient)

o 17 Normal "control" homes

* In two seasons:
o 7 days in winter (heating season)

o 7 days in summer (non-heating season)

Outdoor Setup .
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Methods: equipment

Ultrafine Particle Number Concentration (PNC): miniDiSC’s
PM, . [ug/m?3]: ZHO3B Laser Dust Sensor (affordable sensor)
CO,: [ppm]: MH-Z19C NDIR (affordable sensor)
Temperature (°C): Sensirion SHT30 (affordable sensor)
Relative humidity (%): Sensirion SHT30 (affordable sensor)
NO, [ug/m?3]: Passam passive tubes

BTEX [ug/m?3]: Passam passive tubes
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Results: example measurement + household diary

Ultrafine Particle Number Concentration During the Mea_surement Week in Winter
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Results: overall trends

PNC and PM, . are higher outdoors than indoors

Homes near major roads have relatively high PNC
and PM, .

Some Minergie-residents mentioned “dry air” in
winter, but no clear effect overall

Median and interquartile range (P25 - P75) of
household-specific 1-week median concentrations

Marloes Eeftens | 3June 2026 | ETHNPC

UFP [particles/cm”]

CO; [ppm] PM, 5 [ug/m’]

Temperature (°C)

Relative humidity [%)]

Winter Summer
10'000 10'000
¢ % .
6500 ] £ 6500 B
[ @ Hw ;
4'000 2 40004
[ 8
. , S
2'500 4 | 8 25004
o
1'500 4 L 15004
=)
1'000 — 1'000 —
Incoor Ind e utdo
20 B 20 B
154 /| ‘ + mE 154
=
o
104 % ; = 10 4
©
oi 1a
5 & T é ‘ E 54 +o/Hib o e +
0+ 04
Ind Outd: Indoo Outd:
800 800
700 £ 707 onm
Q
600 } 1 & 600
) N
A le)
500 ) ; O 5004 o o
4004 . 4004 i
Ind Outdoor Indoo Outd:
304 304
254 A o 254 y
smty < emse
20 o 204
=1
15+ s 15 th 1 ¢
o
104 i Q. 104
3 * o § £
54 o 54
=
0+ T T 0+ T T
Indoor Outdoor Indoo Outdoor
1004 Q\'? 1004
80 * + o 2> 804 ¢ ko
] [ 2 ] . u
60 g 60 ! lo
40 e, |0 < 404
A )
=
204 © 204
©
04 . = 01 .
Indoor Outdoor Indoor Qutdoor

Category -~ Wood-fired heating M- Busy road

Minergie @ Control




Statistical modelling

log

log

indoor PNC ~ outdoor PNC * ventilation + behaviour + housing characteristics

Aggregated to 10-
minute averages

Outdoor concentration
affects indoor

. Cooking
concentration.

Oven use (baking)
Window opening
Candle burning
Fireplace use

If the window is open,
we would expect
outdoor concentration
to have a larger effect.

By evaluating all these drivers simultaneously,
effects are mutually corrected

Marloes Eeftens | 3June 2026 | ETHNPC

Age of the building
Nr. of occupants
Gas stove vs
electric

Pets, etc




Results: influence of outdoor PNC on indoor PNC

Outdoor PNC and indoor PNC are positively correlated

The influence of outdoor on indoor is stronger if the window is open (steeper curve)

Windows closed

Alog(PNC indoor)

log(PNC outdoor)
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Alog(PNC indoor)

log(PNC outdoor)
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Results: effects of residents’ behaviour

During the time they are happening, common activities affect PNC
Candle burning causes most additional PNC, relative to other activities
Effect of window opening can go in either direction

Fixed-effect coefficients

Candle burning - e
Oven use - b
Cooking —e—
Fireplace - ———
Window open 1| —— .

Alog(PNC indoor)
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Alog(PNC indoor)

Results: effects of residents’ behaviour (decay)

After activities are done, PNC concentrations decay

Decay is initially steep for candle-related PNC, then levels off

PNC from oven-use decays more gradually

PNC stays significantly elevated for several hours beyond finishing the activity

Candle burning

150 200
Time [min]
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Alog(PNC indoor)

Oven use

Time [min]
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Conclusion

Outdoor PNC is typically higher than indoor PNC - on average!
But: indoor PNC is affected by personal behaviour — peaks exceed outdoor PNC

Effects of home characteristics on PNC is relatively small — no/very minor effects of:
Age of the building
Number of occupants
Gas stove vs. electric
Pets, etc.

Notes / disclaimers:

* Preliminary results, more measurements ongoing
* Next steps: additional pollutants

* Observational study: real-life exposures
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Check out our CHIMIA contribution here
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Airborne Ultrafine Particles: Real-life Exposure
Patterns, Epidemiological Evidence and
Regulatory Responses in Switzerland and
Beyond

Marioes Eeftens>*, Eric P: Twomey==, Fiona Streit:=, and Martin Ro0sIF>

Absract: Ulrafine paricles (UFP) exhibit large spatial and temporal contrasts, and distinct physicochemical
tht ensb g g Despite
mechanistic evidence from toxicalegical studies, larae-scale <pidamiclogical svidence remaing fmited dus 1o

through measurement Gampeigns, mobile monitoring, and modeling studies, which improved understanding

modsls, assess population-tevel health impacts, and inform future air quality standards and
regulatory frameworks for UFPs.
Keywords: Air pollution - Epidemiology - Health effects - Particle number conceniration - Switzeriand - Utrafine
particies.
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PNC (Particles/cm?)

MiniDiSC’s vs. Partector 2 Pro

UFP PNC Over Time - 10min average
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