@ Empa

Materials Science and Technology

]

Atmospheric deposition of
microplastics and tire wear in
Switzerland

Narain M. Ashta’, Guillaume Crosset-Perrotin?, Angélique Moraz?,
Matthias Philipp?, Thomas D. Bucheli3, Ralf Kaegi?, Atiur Md Rahman’,

Christoph Hueglin'

TEmpa - Swiss Federal Laboratories for Materials Science and Technology, Duebendorf, 8600,
Switzerland

2 Eawag - Swiss Federal Institute of Aquatic Science and Technology, Duebendorf, 8600,
Switzerland

3 Agroscope, Environmental Analytics, Zurich, 8046, Switzerland

28-29.04.2026, 27th EMEP TFMM Meeting, Bled




What are microplastics (MP)? °

MP = water-insoluble plastic particles < 5 mm and > 1 pm in their longest dimension

Primary MP Secondary MP
intentionally produced for industrial and commercial unintentionally generated e.g. from breakdown of
uses (e.g. plastic production, cosmetics) larger plastics or released from synthetic textiles

Image source: Harpeth Conservancy
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Why are we concerned about MP in the environment ? °

Persistent in the environment (non-biodegradable + stabilized by additives)
= Transported far from point of release by air and water currents

» Transferred between land < sea, air < land, air < water

» Found ubiquitously in the environment, including in the Arctic

= Adverse health effects: reduced feeding stimulus in small organisms, physical
damage, oxidative stress, inflammation + potential hazards from plastic-
associated chemicals

Terminology used: MP for synthetic polymers except tire wear, TWP for tire wear particles



Parallel projects on microplastics analytics °

Project on atmospheric deposition of tire
wear (funded by the Swiss Federal Roads
Office FEDRO) 8/2023 - 6/2026

@Emp
i@ Goals of atmospheric deposition project:

— Develop harmonized method for measuring MP

-

: across different environmental compartments
atmospheric deposition (atmosphere, sewage sludge, water and soil)
gawag — Monitor wet & dry atmos. deposition of MP across

’ % Switzerland
lud il @l : i
sewage sludge ) sol — Determine the types and amount of MP entering the

surface waters (rivers

\/@' environment via the atmosphere in Switzerland (incl.
Agroscope

tire wear particles, TWP)

Projects funded by the
Swiss Federal Office for the Environment
(FOEN) 3/2022 - 2/2026
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Quantifying MP in atmospheric deposition samples
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Analytical workflow - sample collection
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Analytical workflow - sample processing steps °

© SAMPLE PROCESSING

) Vacuum filtration (dry deposition shown)

Separate particles by size

5 o (keep 15-215 pum sized particles)
v Tl
—p Remove natural organic matter
o (e.g. plant debris)
Vv

iii) Density separation v) Filtration onto Anodisc

Remove heavier particles

; S /%T y (e.g. dust)
% : >

(- Deposit remaining
particles onto aluminium
oxide filter
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Analytical workflow - identification of MPs via *FPA-u-FTIR spectroscopy°

*focal plane array p-Fourier transform
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Analytical workflow - total measurement uncertainty

@ ANALYSIS by FPA-u-FTIR

Random window subsampling of Anodisc

o SAMPLE PROCESSING

) Vacuum filtration (dry deposition shown)

© oa/ac © oa/ac

Addition of red polyethylene Addition of blue polyethylene
spheres to sampling vessels | spheres to sampling vessels
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Dry and wet deposition passive sampler

—= ANAI YSIS hv OPTICAL MICROSCOPY

random uncertainty
when measuring the number of MPs
in a single sample

(<]

E filtration device for wet deposition Eglass dish for dry deposition @215 um stainless steel mesh e=215 um stainless steel mesh = objects > 215 um

@53-63 um red polyethylene spheres ®53-63 um blue polyethylene spheres  *particles of interest edense particles e.g. dust enatural organic matter

Component of uncertainty Standard
uncertainty

Recovery of surrogate MPs 19 %

(L1)

Repeatability of FPA-u-FTIR 5%

measurements (L1)

Impact of filter 24 %

topography/differential MP

sizes on FPA-p1-FTIR results

(L1)

Subsampling error associated 26 %

with FPA-1-FTIR (L1)

Assignment of experimental 17 %

spectra (L1)

Sampling representativeness 23 %

(L2)

Conversion of particle 50 %

dimensions to mass (L3)
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One-year field monitoring of the deposition of MP and tire wear °
in Switzerland

u Basel-Binningen BU I k (Wet&Dl’y)

I Tanikon
¥ Dubendorf-Empa

W Harkingen-A1 21 i cacorno deposition sampler for
¥ Beromiinster qua nt|f|cat|0n Of tire
B haumont WRigi-Seebodenalp wear particles (TWP) in
WBer-Bolverk atmospheric deposition
>ayeme WDevos-Seshoftald using a method based
‘ on Pyrolysis-GCMS
M Lausanne-César-Roux Jungfraujoch
Rahman et al. (in prep)
M Sion-A9 .
Magadino-Cadenazzo
Lugano-Universita
Selected sites of Swiss National Air Pollution Monitoring Network Magadino-Cadenazzo

Urban, ZUE (Zirich-Kaserne)
B Suburban, DUE (Dibendorf-Empa)

Rural, PAY & MAG (Payerne & Magadino-Cadenazzo) Monitoring period: May 2024 — May 2025.
B Mountainous, CHA (Chaumont, 1140 m asl) Samples collected every four weeks
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Particle sizes of microplastics found in atmospheric deposition samples °
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Deposition rates of MP in different parts of Switzerland

Site

Zurich
Duebendorf
Magadino
Payerne
Chaumont

Number deposition rates (#MP-m~2-d=") [95%-Cl]

Wet

198 [145-249]

110 [79-142]
108 [79-138]
80 [56-103]

126 [90-163]

Dry

683 [514-853]
190 [137-244]
141 [90-191]
251 [158-344]
186 [114-258]

Total

881 [562-1199]
301 [181-420]
249 [140-358]
331 [183-478]
312 [169-456]

Mass deposition rates (ug-m=2-d-") [95%-Cl]

Wet

16 [6-31]
6 [2-12]
9 [3-16]
5[2-10]
8 [3-15]

Dry Total

36 [14-68] 53 [17-107]
14 [5-28] 21 [6-43]
5[2-10] 13 [4-29]
10 [3-21] 16 [4-34]
13 [4-28] 21 [6-46]

Ashta et al., ACP accepted for

preprint
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Comparison of atmospheric MP, tire wear particles (TWP) and total dust °
deposition

1000+ T|re wear particles

900+ Mucroplastlcs

ZUE DUE MAG PAY CHA 800+

Mean bulk deposition rate [ug m=2 d™']

700+

MP: 600-

totaldust  0.12%  0.05%  002% 0.03%  0.04% § s00]

(weight %) 400-

TWP 2007

e 13%  13%  03%  03%  04% o ii
0.

Sampling Location
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Annual deposition of MP and TWP across Switzerland
(<2000 m elevation)

Absolute Area (km?) Relative Share (%)

20000 km?

Height Class Land Use Area Mass deposition

(m as.l.) (km?) (tons year™)

Land Use Type

. Glaciers and fim M P TW P

. Bare land (rock, scree)

15000 km?

. Unproductive vegetation

. Shrubs

=Scrubfurest <1000 Non-settlement 16403 87 1209
Forest

. Alpine farming areas

= Permanent grassland (meadows and pastures) <1 Ooo Settl ement 2944 3 9 5 84
Arable land

. Fruit, vineyard, and horticultural areas

I Flowing waterbodies 1000-2000 Non-settlement 11885 91 601

. Standing water bodies
Recreational and green spaces

= Special settlement areas 1 000'2000 Settlement 31 5 2 1 6
Traffic areas

. Building areas

10000 km?

5000 km?

100 %
75%
50 %
25%
0%

I industrial and commercial areas >2000 Non-settlement 9731 n/a n/a
>2000 Settlement 13 n/a n/a
Total 41291 219 2410

¢ ¢
SoF LA

Height above sea level (m)

Source: Bundesamt fiir Statistik
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Conclusions °

= Methods for quantifying MP and tire wear in atmospheric deposition (Ashta et al., AMT 2026,

Rahman et al,, in prep.)

= MP (without tire wear) deposition in Zurich 50 ug/m2-day, in Duebendorf = Magadino =
Payerne = Chaumont = 20 ug/m?2-day

= Tire wear particles contribute 10x more than MP to synthetic polymers in atmospheric

deposition

= = 10000 tons of tire wear particles are generated annually on Swiss roads. Estimated 2410
tons are transported from the immediate vicinity of roads and enter the environment

through atmospheric deposition



Thank you!
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Analytical workflow - identification of MPs via FPA-p-FTIR spectroscopy °
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Extrapolation of volume/mass of 0-400 um sized MPs

3

Polymer types

Polyethylene terephthalate and polybutylene terephthalate (PET*)
Polyethylene and ethylene vinyl acetate (PE*)

Polypropylene (PP)

Other

Polystyrene (PS)

N

Polymethyl methacrylate (PMMA)

-

Polyurethane (PU)
Polylactic acid (PLA)
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