Swiss TPH §.

Spatiotemporal modelling of ambient
concentration of airborne ultrafine
particles in Switzerland

Sensoring and Environmental Epidemiology

Eric P. Twomey, Jonas Keller, Sebastien Loup, Marc Grunig, Fiona Streit, Martin Roo6sli, Marloes Eeftens

2 June 2026



Introduction

® Since early 2000s, studies identified UFP in different human tissues, e.g. lung, heart
and brain. In animal studies, UFP was linked to several health outcomes

* To investigate the independent effect of UFP on short-term (strokes, myocardial
infarctions) and long-term (cancer, dementia) health outcomes on a population level,
UFP exposure models need to be

* large-scale (regions, countries)

* long-period (years, decades)

* high-resolution (in time and space)

* paired with fitting cohort health data (with similar scale and resolution)

® Historically, the lack of high-density UFP monitoring, compact, high-performance UFP
measurement devices and computational power impeded population-level

epidemiological studies. .
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Noise and/or ultrafine particulate matter induced cerebral and

cardiovascular damage: MARKPOLO
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To perform a large-scale, multi-season UFP(PNC) mobile measurement campaign
across Switzerland.

To develop a nation-wide, long-period, highly resolved (25x25m, daily) UFP(PNC)
exposure model for Switzerland between 2010 and 2026.

To investigate the independent effect of UFP(PNC) on short-term (strokes,

myocardial infarctions) and long-term (cancer) health outcomes among the Swiss
population using the Swiss National Cohort and Swiss Stroke Registy.
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Methods: Mobile Measurement Campaign

Swiss national mobile measurement campaign of airborne ultrafine particles
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Methods: Exposure Modelling

Random Forest Classifier Model
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Log(PNC s, 4ay) = fre(street+traffic+ERAS meteo+land use+cyclic time+other predictors)

PNCzsm,day = exp(log(PNC)) Swiss TPH @»
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Preliminary Results: Exposure Modelling

- Temporal
Random Forest Classifier Model : - Spatial
Variable Importance . 1¢mporo-spatial
rank  variable importance
¢ Performance UFP lOg(PNC): 1Traffic volume by distance to road 0.57
2Boundary layer height 0.56
o R20.91; MAE[og 0.26; RMSElog 0.42 3Motorway 100m buffer 0.50
o 80/20 cross-validation (CV): 0.90 gai{;ﬁ:j ;V:rikbuffer 8:23
. 6Boundary layer height yesterday 0.39
© Temporal CV:0.67 . 7Motorway 25m buffer 0.30
8Relative humidity 0.30
e 9Distance to major road 0.27
10Total precipitation yesterday 0.26
11Total precipitation 0.26
wo s 12Wind v10-component 0.25
% 13Temperature 0.25
a 14Altitude 0.25
15Surface pressure yesterday 0.24
16 UV-radiation yesterday 0.24
“ooN 17 Distance to Chiasso 0.24
o L L L L 18Surface pressure 0.23
. 19UV-radiation 0.23
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Preliminary Results: Exposure Modelling

Spatial prediction
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Preliminary Results: Exposure Modelling

Temporal prediction

Daily predicted UFP vs. NABEL PNC

Grey ribbons: prediction min-max and Q1-Q3. Orange thin lines: individual included NABEL sites. Black and orange thick lines: prediction and NABEL trends.
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Strengths & Limitations

Strengths Limitations
Sampled real-world UFP with high UFP Measurements limited to streets
temporal, spatial and populational and street-level height
coverage

Models x, y, t only, no z-dimension
Among first nation-wide UFP models

PNC only, no UFP composition or size-
Among first UFP models including distribution (possibly in future models)
multiple temporo-spatial predictors

Long period (NABEL anchored 16 years)
High resolution (daily, 25m)

Co-pollutant independent UFP model
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Next steps

Compare performance and contrast S — e
retention from Random Forest Model to Airborne Ultrafine Particles: Real-life Exposure

Patterns, Epidemiological Evidence and

XGBo OSt, Las SO, ste le se-linear Regulatory Responses in Switzerland and
regression, artificial neural networks, Beyond
e n S e m b I-e l.e a r n e rS Marloes Eeftens*2*, Eric P. Twomey=®, Fiona Streit*£, and Martin Roosli=*

Abstract: Ultrafine particles (UFP) exhibit large spatial and temporal contrasts, and distinct physicochemical
properties that enable deep lung penetration and systemic translocation, posing potential health risks. Despite
M M M M lic evidence from jical studies, large-scale epidemiological evidence remains limited due to
Finalize model and prediction oraamonfoningand comples exbosue ssesamont. Suitzerindhascontted ubatartl 10 UFProsearch

through measurement campaigns, mobile monitoring, and modelling studies, which improved understanding
of spatial and temporal e Emerging findings suggest associations between long-term UFP
exposure and cardiovasc ugh epidemiological evidence for short-term associations with
meortality and morbidity remains weak. Ongoing Swiss and European projects aim to refine high-resolution
spatiotemporal models, assess population-level health impacts, and inform future air quality standards and

Use UFP exposure model to assess e e Sy e ot P e et ot i
independent health effects of UFP on

stroke, brain cancer and overall mortality Eeftens, Twomey, Streit, Rosli et al., CHIMIA, 2026
in Switzerland https://doi.org/10.2533/chimia.2026.64
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