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Abstract. Microplastics (MPs) are environmental contaminants of global concern. Although the relevance of the atmosphere
in the transport and distribution of MPs worldwide has been acknowledged, country-scale quantitative data on wet and dry
MP deposition rates remain limited. We therefore quantified MPs in wet and dry atmospheric deposition samples collected
on a four-weekly basis over a one-year period between May 2024 and May 2025 at one urban (Zurich), one suburban
(Duebendorf), two rural (Magadino and Payerne) and one mountainous site (Chaumont) in Switzerland. We used focal plane
array p-Fourier transform infrared spectroscopy to identify MPs in the 20-215 pm size range and included a rigorous
assessment of the measurement uncertainties. Particle sizes were converted into masses to obtain mass deposition rates. The
number- and mass-based MP deposition rates were highest at the urban site, with respective means of 881 MPs m 2 d™! [95%
confidence interval (CI): 562-1199] and 53 ug m 2 d"! [CL: 17-107]. The deposition rates were lower and similar among the
remaining sites, ranging from 249 to 331 MPs m 2 d"!' [CI: 140-478] and from 13 to 21 pg m 2 d! [CI: 4-46]. Based on the
determined deposition rates and land-use statistics, an annual MP deposition of 219 tonnes or 3.8-10'* particles was
estimated for regions < 2000 m above sea level across Switzerland. Annual atmospheric inputs of MPs to Swiss agricultural

land and surface waters were estimated at 78 and 10 tonnes, respectively.

1 Introduction

Microplastics (MPs) are classified as plastic particles < 5 mm and > 1 um in size (Hartmann et al., 2019). Due to
their persistence, widespread occurrence in the environment, biota and humans, and potential for adverse effects, MPs are
considered environmental contaminants of global concern (Abbasi and Turner, 2021b; Cole et al., 2013; Hartmann et al.,
2019; Huang et al., 2022; Jenner et al., 2022; Thompson et al., 2024; Wright et al., 2013). Following a precautionary
approach, jurisdictions such as the European Union and Switzerland have introduced restrictions on the intentional use of
MPs in products (European Commission, 2023; Swiss Federal Council, 2025).

The atmosphere has received increasing attention for its role in the distribution of MPs in the environment (Allen et

al., 2019; Brahney et al., 2021; Evangeliou et al., 2020). Atmospheric deposition contributes to the load of MPs in soils and
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water bodies (Sun et al., 2022; Weber and Bigalke, 2025) and atmospheric transport is key for transferring MPs to remote
regions such as mountainous areas and the Arctic (Allen et al., 2019; Brahney et al., 2021; Evangeliou et al., 2020). Several
studies have sought to quantify the atmospheric deposition of MPs; however, their sampling and analytical approaches
differed substantially, and methodological uncertainties were rarely quantified (Ashta et al., 2026; Evangelou et al., 2026).
Reported deposition rates span several orders of magnitude, ranging from 0 to over 3500 MP m 2 d! (Allen et al., 2019;
Brahney et al., 2020; Dris et al., 2016; Evangelou et al., 2026; Sun et al., 2022; Szewc et al., 2021; Wright et al., 2020). To
what extent these differences relate to the different methodologies or reflect spatiotemporal variability remains unclear. This
challenges the comparison of data reported from different studies, hinders the establishment of current MP concentrations at
local, regional and global scales, and hampers the identification of the processes that drive atmospheric deposition.
Experimentally determined atmospheric deposition rates for Switzerland are missing. To address this knowledge
gap and gain a better understanding of the role of the atmosphere in the environmental distribution of MPs, we collected wet
and dry atmospheric deposition samples on a four-weekly basis over a one-year period at five sites in Switzerland, including
one urban, one suburban, two rural and one mountainous site. Based on optical microscopy images and focal plane array -
Fourier transform infrared spectroscopy (FPA-p-FTIR), we determined the wet and dry deposition rates at each site
following the approach presented by Ashta et al. (2026). The mass-based deposition rates at different sites, combined with
land-use statistics in Switzerland, were used to estimate the total mass of MPs deposited in regions < 2000 m above sea level
(a.s.l.) across Switzerland. Note: tire-wear particles, i.e. rubber emitted from vehicular tires, were excluded from this study;

we therefore use the term MPs to refer to microplastics excluding tire-wear particles.

2 Materials and methods
2.1 Sample collection

A modified passive wet and dry deposition sampler (Nesa Srl, Italy) described by Ashta et al. (2026), and as shown
in Fig. la, was used to separately collect wet and dry deposition samples depending on the status of precipitation. The
catchment area for wet deposition was a disk of diameter 23 cm, whereas for dry deposition it was 19 cm, which translated to
0.042 m? and 0.028 m?, respectively. The opening of each sampler was at a height of 1.5 m above the ground. Samplers were
placed at five measurement stations belonging to Switzerland's National Air Pollution Monitoring Network (NABEL)
(Hueglin et al., 2024), which included Zurich (urban), Duebendorf (suburban), Magadino (rural), Payerne (rural) and
Chaumont (mountainous; elevation: 1136 m a.s.l.) (Fig. 1b). Details about the sampling locations such as coordinates,
elevation and brief descriptions of the surroundings of the sampling stations are provided in Sect. S1 of the Supplement. Wet

and dry deposition samples were collected every four weeks at each of these sites between May 2024 and May 2025.
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Figure 1. (a) Wet and dry atmospheric deposition passive sampler placed at the rural site in Magadino, Switzerland. (b) Map of
Switzerland marking the five sampling sites — Zurich (urban), Duebendorf (suburban), Magadino (rural, south of Alps), Payerne
(rural, north of Alps) and Chaumont (mountainous; elevation: 1136 m a.s.l.) — where wet and dry atmospheric deposition samples
were collected every four weeks between May 2024 and May 2025. Source: OpenStreetMap, distributed under the Open Data
Commons Open Database License (ODbL) v1.0 (for further information, please see https://www.openstreetmap.org/copyright/en)

2.2 Method to quantify microplastics in wet and dry atmospheric deposition samples

Microplastics in the size range of 20-215 um were analyzed in wet and dry atmospheric deposition samples
following the analytical chain described by Ashta et al. (2026). Briefly, a known number of red and blue colored
polyethylene (PE) spheres (nominal diameter range: 53—63 pum) (Cospheric, USA) were respectively added to the sampling
vessels before and after sample collection. These spheres served as surrogate standards used to identify critical steps
associated with sample losses along the analytical chain (Ashta et al., 2026; Philipp et al., 2022). Sample processing steps
included a vacuum filtration of collected particles through a cascade of 215 pm and 15 pum stainless steel meshes to retain
particles in the 15-215 um size range, oxidative digestion using Fenton's reagent to remove natural organic matter, and in
rare cases (e.g. after Saharan dust events) density separation using a solution of sodium polytungstate of density 1.6 g mL™!
to remove mineral dust. The remaining particles were deposited onto an aluminium oxide filter and analyzed using optical
microscopy and FPA-u-FTIR spectroscopy. Note: Although the physical lower particle size cutoff is 15 pm based on the
smaller mesh size used, the lower particle size limit that can be reliably detected by FPA-pu-FTIR is 20 um; we therefore
report only on MPs > 20 pm.

To chemically identify MPs, experimentally-obtained FTIR spectra were compared to a reference database of FTIR
spectra of polymers using Microplastics Finder (Purency, Austria) (Hufnagl et al., 2019, 2022) based on pre-determined
thresholds (Ashta et al., 2026). Based on expert review of the spectra, some polymer types showed remarkable spectral
similarities. In particular, PE and ethylene—vinyl acetate copolymer (EVAc) share characteristic ethylene signals, while

polyethylene terephthalate (PET) and polybutylene terephthalate (PBT) both contain terephthalate groups, making these
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pairs difficult to differentiate with standard FTIR libraries. We therefore report the polymer types PET + PBT and PE +
EVAc as polymer classes, respectively referred to as PET* and PE*.

Next, the 2D size information of each MP was used to calculate the equivalent ellipsoidal volume based on Simon
et al. (2018). Together with the densities of the different polymer types (Table S2), the masses of the MPs were calculated.
The number and mass of particles were recovery-corrected based on the recovery of red PE surrogates and blank-corrected
based on the average number of MPs found in blanks. Based on these corrected values, number-based deposition rates

(NDR) and mass-based deposition rates (MDR) were computed (additional details available in Sect. S2).

2.3 Uncertainty assessment of wet and dry deposition rates

The uncertainty associated with the determined deposition rates was assessed following the framework described by
Ashta et al. (2026). For NDRs, the total expanded uncertainty at a 95% confidence level Uypr was determined by
aggregating the individual components of random uncertainty u; (i=1, ..., m) identified along the analytical chain (Table
S3). The expanded measurement uncertainty of the mean of n analyzed wet or dry deposition samples (or individual samples
if n = 1) was calculated as:

U = [Hau 1
NDR,wet or dry — n ( )

For MDRs, the uncertainty budget includes both the random uncertainties Umpr, random (Which essentially equals
Unpr) and a systematic bias Uwmpr sysiemaric associated with particle size-to-mass conversions. This systematic bias was
estimated at +50%, reflecting potential over- or underestimation during the approximation of 2D particle dimensions to 3D
ellipsoidal volumes in the absence of knowledge on the thickness of particles, i.e. the third dimension (Ashta et al., 2026). To
provide a conservative estimate of the confidence intervals of MDRs, the systematic bias was applied to calculate an upper
and a lower limit of MDRs according to Eq. 2.
CIMDR, wet or dry — (MDR + MDR - Umbr, random) * (1 £ Umpr, systematic) @)

where Clupr, wer or dry TEpresents the upper and lower bound of the 95% confidence interval of the determined wet or
dry MDR. The combined uncertainty when reporting bulk (wet + dry) deposition Uy, at a specific site and period was

calculated using Eq. 3, where U,,; and Uy, represent the respective uncertainties for the wet and dry deposition rates.
Upuk = |Uper + Ugyy (3)

Additionally, after the one-year monitoring period of May 2024—May 2025, we further measured duplicates of wet
and dry deposition each, collected in two passive wet and dry deposition samplers placed side-by-side (~1 m apart) at the
same site (Duebendorf) over three four-weekly periods between 17 October 2025 and 09 January 2026. This provided

uncertainty estimates of deposition rates based on the analyses of true replicates (Table S4).
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2.4 Data evaluation and statistical analysis

To assess spatial differences in MP deposition rates across the urban, suburban, rural, and mountainous sites, we
employed linear mixed-effects models, where site was treated as a fixed effect and the sampling period was included as a
random effect to account for temporal variability and repeated measurements. Differences between sites were identified
using pairwise comparisons with Tukey’s Honest Significant Difference adjustment to control for Type I error. The
Wilcoxon signed-rank test was used to compare paired wet and dry deposition rates (n = 65 pairs) across all sampling sites.
Spearman’s rank correlation analysis was conducted to evaluate the monotonic relationship between four-weekly MDRs or
NDRs and parameters such as wind speed, precipitation volume and total aerosol deposition. For all statistical tests, a p-
value < 0.05 was considered the threshold for statistical significance. All data processing and statistical computing were

performed using R Statistical Software (v4.5.1; R Core Team, 2021).

3 Results and discussion
3.1 Number- and mass-based microplastics deposition rates

Over the one-year period and across the five sampling sites in Switzerland, wet deposition rates based on individual
four-weekly samples ranged from not detected (n.d.) to 509 MPs m™2 d™! in terms of numbers and n.d. to 41 pg m2d" in
terms of mass, whereas dry deposition rates ranged from n.d. to 1388 MPs m2 d™! and n.d. to 104 pg m2 d, respectively.
Mean deposition rates at each site, including 95% confidence intervals, are shown in Table 1.

Table 1. Mean wet, dry and bulk number-based (NDR) and mass-based (MDR) microplastic deposition rates averaged over n = 13
four-weekly sampling periods between May 2024 and May 2025 in Zurich (urban), Duebendorf (suburban), Magadino (rural),
Payerne (rural) and Chaumont (mountainous), Switzerland. Corresponding 95% confidence intervals (CI) are calculated based on
random and systematic measurement uncertainties as in Eq. 1-3.

Site Wet NDR Dry NDR Bulk NDR Wet MDR Dry MDR Bulk MDR
MPsm?*d') MPsm32d!) MPsm?d') (ugm?d?) (ugm2d?) (ugm2d™
[CT] €1 €1 1] [€1] [CT]

Zurich 198 [145-249] 683 [514-853] 881 [562-1199] 16 [6-31] 36 [14-68] 53 [17-107]

Ducbendorf 110 [79-142] 190 [137-244] 301 [181-420] 6 [2-12] 14 [5-28] 21 [6-43]

Magadino 108 [79-138] 141 [90-191] 249 [140-358] 9 [3-16] 5 [2-10] 13 [4-29]

Payerne 80 [56-103] 251[158-344]  331[183-478] 5 [2-10] 10 [3-21] 16 [4-34]

Chaumont 126 [90-163] 186 [114-258]  312[169-456] 8 [3-15] 13 [4-28] 21 [6-46]

The urban site, Zurich, exhibited the highest number- and mass-based wet and dry deposition rates, which were
over 2 times higher than those of the other sampling sites (p < 0.01). This suggests that urban areas, which are generally
associated with more anthropogenic activity compared to suburban or rural areas, have higher local emissions of MPs to air

and consequently higher MP deposition rates in the vicinity. The sampling station in Zurich is adjacent to a popular
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recreational park, which may further contribute to locally elevated emissions through increased human presence and outdoor
activities. To what extent the results from Zurich can be transferred to other cities in Switzerland needs to be explored in
further studies.

The suburban site in Duebendorf displayed similar deposition rates as those at the rural (Magadino and Payerne)
and mountainous sites (Chaumont). This absence of a gradient going from suburban to rural to mountainous areas aligns
closely with the findings of Klein et al. (2023), who reported higher deposition rates at urban sites in Hamburg but lower and
similar deposition rates in suburban Hamburg and rural sampling sites in Northern Germany. The trend observed in the
present study may have several reasons. First, the random measurement uncertainty of individual samples is in the order of
~100% (see Sect. S3), which makes it difficult to resolve subtle differences in the determined deposition rates. Second, our
results suggest a ubiquitous atmospheric background level of MPs in Switzerland, irrespective of land-use types. This aligns
with studies on the long-range atmospheric transport of MPs, which observe baseline MP concentrations even in remote and
high-altitude regions (Allen et al., 2019; Brahney et al., 2021; Evangeliou et al., 2020).

Although direct comparisons with studies from other locations remain challenging due to methodological
differences, the MP deposition rates were in line with previous studies (Table 2), and were generally higher than the global
median bulk deposition rate of 35 MPs m™ d™' determined based on n = 1007 values reported in the literature (Evangelou et
al., 2026). Compared to cities with similar population densities of ~4000-5000 inhabitants per km?, the Zurich site’s mean (+
SD) NDR of 881 = 240 MPs m™2 d™' was similar to that of London, England (mean: 771 + 167 MPs m™2 d™!) (Wright et al.,
2020) but lower than that of Shanghai, China (wet: 1100-3500 MPs m 2 d ™!, dry: 910-1600 MPs m 2 d ") (Sun et al., 2022).

Table 2. Number-based (NDR) and mass-based (MDR) microplastic deposition rates, including analytical techniques, reported in
selected studies worldwide. MPs = microplastics, CI = 95" percentile confidence interval, SD = standard deviation, p-FTIR =
single-point p-Fourier transform infrared spectroscopy, FPA-p-FTIR = focal plane array p-FTIR, ATR-p-FTIR = attenuated total
reflectance p-FTIR, Py-GC-MS = pyrolysis-gas chromatography-mass spectrometry.

Study location NDR [MPs m2d7!] MDR [pg m~2d] Analytical technique ~ Reference
Europe
Zurich (urban), 881 (mean) 54 (mean) FPA-p-FTIR This study
[CI: 562-1199] [CI: 17-107]
Non-urban areas, 249-331 15-21
Switzerland (range of means) (range of means)
[CI: 140-478] [CI: 4-46]
Pyrenees mountains, 365 £ 69 (mean + SD) 44-109 (range) p-Raman Allen et al., 2019, 2022
France
Paris (urban), 110 + 96 (mean + SD) ATR-p-FTIR Dris et al., 2016
Paris (suburban), France 53 £ 38 (mean + SD)
Weser River Catchment, 99 + 85 (mean + SD) FPA-p-FTIR Kernchen et al., 2024
Germany
Hamburg and 89 £ 61 (mean + SD) p-Raman Klein et al., 2023
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EGUsphere\

Mecklenburg-Western

Pomerania,

Germany

London, England 575-1008 (range) p-FTIR Wright et al., 2020
Oak Park, Johnstown 80 (mean) p-Raman Roblin et al., 2020
Castle, Valentia

Observatory and Malin

Head,

Ireland

Gdynia, Poland 10 £ 8 (mean + SD) ATR-p-FTIR Szewc et al., 2021
North America

Protected areas in 132 + 6 (mean = SD) w-FTIR Brahney et al., 2020
Western USA

South America

Sdo Paulo, Brazil 123 £ 47 (mean + SD) ATR-p-FTIR Amato-Lourengo et al., 2022
Asia-Pacific

Shanghai, China 910-3500 (range) p-Raman Sun et al., 2022
Kuala Nerus (urban) 368 + 154 (mean + SD) p-FTIR Hee et al., 2023
Bangi (urban) 340 + 30 (mean + SD)

Chagar Hutang (pristine 274 £ 95 (mean + SD)

beach), Malaysia

Ho Chi Minh City, 71-917 (range) ATR-p-FTIR Truong et al., 2021
Vietnam

North Jakarta, Indonesia 15 + 13 (mean + SD) p-FTIR Purwiyanto et al., 2022
Southern coast (rural), 89 £ 9 (mean + SD) Py-GC-MS Rindelaub et al., 2025

New Zealand

The determined deposition rates mainly reflected site-specific characteristics rather than distinct seasonal patterns

(Fig. 2). At the urban site in Zurich, MP deposition rates were similar throughout the year, indicating constant atmospheric

MP loads. At the non-urban sites, deposition rates were more variable. Elevated deposition rates at non-urban sites were

determined for a few individual months and may reflect either temporal variability or sporadic local events.
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Figure 2. Four-weekly number-based (left panels) and mass-based (right panels) wet and dry atmospheric microplastic deposition
rates between May 2024 and May 2025 in Zurich (urban), Duebendorf (suburban), Magadino (rural), Payerne (rural) and
Chaumont (mountainous), Switzerland.

To put the mass-based MP deposition rates in the context of total suspended particulate matter, four-weekly MP
deposition rates were compared to the corresponding rates of total aerosol deposition, which is regularly measured within
Switzerland's NABEL network using the Bergerhoff method (Verein Deutscher Ingenieure, 2012). The highest
MP-to-aerosol mass ratio was observed in Zurich (1.2 mg g™! aerosol, or 0.12% of total aerosol mass), while the lowest value
was found in Magadino (0.2 mg g! aerosol, or 0.02% of total aerosol mass) (Table S5). In terms of particle number, the
concentrations ranged from 3000 to 20000 MPs g! aerosol. These results indicate that MPs represent a minor, yet

quantifiable component of ambient aerosol mass.

3.2 Influence of meteorology on MP deposition rates

Across the five sampling sites, dry deposition rates were generally higher than wet deposition rates and accounted
for 61% of total annual MP mass deposition. However, the overall difference in wet and dry deposition rates was not

statistically significant (Wilcoxson signed-rank test, p = 0.09). These findings are in agreement with results reported by



180

185

190

195

https://doi.org/10.5194/egusphere-2026-1473
Preprint. Discussion started: 18 May 2026 G
© Author(s) 2026. CC BY 4.0 License. E U Sp here

Brahney et al. (2020), who observed a higher contribution of dry deposition (75%) to total MP deposition in remote areas in
Western USA, as well as those of Abbasi and Turner (2021), who found dry deposition to dominate (>90%) annual MP
deposition at an urban and mountainous site in Iran. Other studies, however, reported wet deposition as the dominant
contributor to total MP deposition (Sun et al., 2022; Szewc et al., 2021). The partitioning between wet and dry deposition
likely depends on the climatic conditions of the study locations.

Weak correlations were observed between MP deposition rates and specific meteorological parameters such as wind
speed, precipitation and total aerosol deposition (Spearman |p| < 0.18) (Table S6), consistent with those reported in previous
studies (Adediran et al., 2026; Allen et al., 2019; Cho et al., 2026; Szewc et al., 2021). The poor correlations between
meteorological parameters and determined deposition rates in this study may be partly attributed to the low sampling
frequency. The four-week sampling period required to obtain sufficient MP counts may mask shorter-term relationships

between specific meteorological events and MP deposition rates.

3.3 Polymer type, particle size, mass and shape of MPs detected in wet and dry atmospheric deposition samples

Polymer type: Across all 130 wet and dry atmospheric deposition samples collected during the one-year period, the
most frequently detected polymers were PET* (31%), PE* (26%) and polypropylene (PP) (21%) (Fig. 3). Other detected
polymers included polystyrene, polymethyl methacrylate, polyurethane, polylactic acid, polyacrylonitrile (PAN), silicone,
polyvinyl chloride (PVC), acrylonitrile butadiene styrene, ethylene vinyl alcohol, polyoxymethylene and polyether ether
ketone. The polymer composition of atmospheric MPs was largely independent of sampling site or deposition type (Fig S1).
31%
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Figure 3. Percentage of different polymer types comprising the microplastic particles (n = 7150) detected in wet and dry deposition
collected between May 2024 and May 2025 in Zurich (urban), Duebendorf (suburban), Magadino (rural), Payerne (rural) and
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Chaumont (mountainous), Switzerland. The polymer type "other" includes polyacrylonitrile, silicone, polyvinyl chloride,
acrylonitrile butadiene styrene, ethylene vinyl alcohol, polyoxymethylene and polyether ether ketone.

The dominance of PET*, PE* and PP in our samples aligns with polymer distributions reported in several European
studies on atmospheric deposition, including in countries neighboring Switzerland. In urban Paris, for instance, PET fibers
were found to be ubiquitous (Dris et al., 2016), while a dominance of PE* and PET was observed in Northern Germany
(Klein et al., 2023; Klein and Fischer, 2019). Furthermore, this composition corresponds reasonably well with the polymer
demand in Europe, where PE (29%) and PP (20%) represent the largest share of material production (PlasticsEurope, 2022).

A notable divergence appears for PET, which accounts for 8% of European polymer demand but 31% of the MPs
detected in atmospheric deposition. This may be explained by the uses of PET in different consumer products. For one, PET
is the most widely used polymer in polyester textile fibers globally (Geyer et al.,, 2017). Clothing-related emissions,
including shedding during wear and handling, have been recognized as contributors to atmospheric fibers (Dris et al., 2017,
Henry et al., 2019). We observed a considerable fraction of PET fibers in our dataset (Fig. S2). Furthermore, PET is used for
beverage bottles and packaging materials. These items are frequently littered, undergo fragmentation in the environment, and
contribute to secondary MP pollution (United Nations Environment Programme, 2021). Similarly, PVC, despite representing
10% of European polymer demand, is detected at only 1.5% in atmospheric samples. This may be explained by the fact that
PVC is typically used in long-lifetime applications in buildings (Geyer et al., 2017), and therefore may be less likely
fragmented and emitted into ambient air.

Particle size: The particle size distribution including all MPs (n = 7150) detected across the five sites is shown in
Fig. 4. Particle sizes are reported as equivalent circle diameters (ECD), i.e. the diameter of a circle with an area equaling the
area of the 2D projection of the measured particle. The mean and median particle sizes were 39 pm and 32 pm, respectively.
Smaller particles were substantially more abundant, resulting in a right-skewed number size distribution, which is consistent
with previous studies on atmospheric MPs (Allen et al., 2019; Chen et al., 2023; Klein and Fischer, 2019; Szewc et al., 2021;

Wright et al., 2020) as well as MPs in other environmental compartments (e.g. Kooi et al., 2021).

10
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Figure 4. Particle number size distribution including polymer types of microplastic particles (n = 7150) detected in wet and dry
deposition collected between May 2024 and May 2025 in Zurich (urban), Duebendorf (suburban), Magadino (rural), Payerne
(rural) and Chaumont (mountainous), Switzerland. The polymer type "other" includes polyacrylonitrile, silicone, polyvinyl
chloride, acrylonitrile butadiene styrene, ethylene vinyl alcohol, polyoxymethylene and polyether ether ketone.

The particle number size distribution of MPs in wet and dry deposition (nyp(ECDyp)) at each site was fitted to a

power law function, i.e.
Nup(ECDyp) = b - ECDyp

with b a constant, and o the exponent that is characteristic for the change in particle numbers with size; a
corresponds to the slope on a log-log transformed particle size distribution. Although higher in MP numbers, the size
distribution was similar in Zurich compared to the non-urban sites (Fig. 5), as indicated by the slopes () of the power law
fits. This indicates a small influence of the urban-to-rural spatial gradient on the particle size distribution. The MP number
size distributions from wet and dry deposition for each site were also similar (Fig. S2). It is noted, however, that the number
size distributions appear to slightly deviate from the power law at the lower and upper size limits. For small particles, this
may reflect methodological limitations such as selective losses during sample processing or reduced detection efficiency of
FPA-p-FTIR for particle sizes approaching the method's lower size detection limit of 20 pm. The deviation observed for
larger particles may be an artifact related to the low absolute particle numbers, which limits the robustness of the fit in the

upper size classes.
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Figure 5. Power law function fitted to the particle number size distributions of microplastic particles detected in wet and dry
deposition collected between May 2024 and May 2025 in Zurich (urban), Duebendorf (suburban), Magadino (rural), Payerne
(rural) and Chaumont (mountainous), Switzerland.

Based on the particle sizes and number-based dry deposition rates listed in Table 1, airborne MP number
concentrations were estimated using deposition velocities taken from Emerson et al. (2020). The MP number size
distribution in the present study shows a dominance of particles in the smallest size bin (20-30 um) and a mean particle size
of 39 um. Assuming MP deposition velocities of 0.1 m s™! and 0.2m s™!, which respectively correspond to particles of
diameters 20 um and 40 um (Emerson et al., 2020), the mean dry deposition rate of 683 MPs m 2 d' measured at the Zurich
site corresponds to an airborne MP number concentration of approximately 0.08 MP m™ to 0.01 MP m™>. These values fall
within the interquartile range of 0.002-0.1 MPs m™ based on n = 925 measured airborne MP concentrations reported
globally (Evangelou et al., 2026). To put these values into context, but given the limited literature available regarding

aerosols > 20 pm (so-called "ultragiant particles"), we roughly compared our airborne MP concentration estimate of 0.08 MP
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m to the ultragiant aerosol concentration of up to 330 particles m™ observed by Lasher-Trapp and Stachnik (2007). Based
on these values, MPs likely represent a minor number fraction of well below 0.1% of total ultragiant aerosols.

Particle volume and mass: Particle sizes were converted to equivalent ellipsoid volumes following the approach
presented by Simon et al. (2018), which were subsequently converted to mass. The resulting size-volume distribution (Fig.
6) demonstrated the importance of large particles substantially contributing to the total particle volume or mass of MPs
despite their low number concentrations. Individual particle masses were found to span 6 orders of magnitude, ranging from

0.6 ng to 1.8-10* ng, with a mean mass of 62 ng and a median of 12 ng.

Polymer types
. Polyethylene terephthalate and polybutylene terephthalate (PET*)
D Polyethylene and ethylene vinyl acetate (PE*)

Polypropylene (PP)

]

Other

Polystyrene (PS)

Polymethyl methacrylate (PMMA)
Polyurethane (PU)

Polylactic acid (PLA)

Ellipsoid-estimated volume x 10’ [pma]

Q?Q'\chggt\é\ggg\\\é\\{bg\\caé\“:\g\\qé\ >
T E LW @

NN
Equivalent circle diameter [um]

Figure 6. Particle volume size distribution including polymer type as estimated based on measured sizes of microplastic particles
(n = 7150) detected in wet and dry deposition collected between May 2024 and May 2025 in Zurich (urban), Duebendorf
(suburban), Magadino (rural), Payerne (rural) and Chaumont (mountainous), Switzerland. The polymer type "other" includes
polyacrylonitrile, silicone, polyvinyl chloride, acrylonitrile butadiene styrene, ethylene vinyl alcohol, polyoxymethylene and
polyether ether ketone.

Particle shape: Based on 2D projections obtained from FTIR imaging and applying the aspect-ratio criterion of
Hartmann et al. (2019), i.e. where a particle with aspect ratio (length / width) >3 is classified as a fiber, we classified MPs as
either fibers or non-fibers. Most MPs detected in atmospheric deposition samples were non-fibers (89%) (Fig. S3). Notable
exceptions were PAN- and PET-type MPs, for which 56% and 22% were fibers. These observations are consistent with the
widespread use of PAN and PET in textile applications from which fibers are expected to be released under realistic use

conditions (Boucher and Friot, 2017; Browne et al., 2011; Carney Almroth et al., 2018; Geyer et al., 2022). Moreover, the
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findings are similar to those of Wright et al. (2020), who reported PAN and PET to be the most abundant polymer types
among the MP fibers detected in atmospheric deposition in the city of London, England.

The dominant MP shapes reported in the literature vary substantially across studies, with some studies reporting
higher fractions of non-fibers (e.g. Allen et al., 2019; Klein et al., 2023; Klein & Fischer, 2019; Sun et al., 2022) and others
reporting fibers as being more abundant (Abbasi et al., 2022; Brahney et al., 2020; Szewc et al., 2021). However, the latter
typically relied on analytical techniques that heavily involved a visual pre-screening of suspected MPs prior to spectral
analysis (e.g. attenuated total reflectance p-FTIR, single-point u-FTIR, Raman spectroscopy). Such workflows inherently
bias the dataset toward fibers because they are easily identifiable by operators during pre-screening, whereas automated and
randomized imaging, like the one employed in this study, provide a less morphology-biased assessment. It should be noted,
however, that in our automated workflow we had situations where a fiber was detected and counted as two or more non-
fibers, rather than as one particle. This may have resulted in a bias toward non-fibers. Therefore, the apparent differences in
morphology reported across the literature may reflect methodological discrepancies in particle isolation, detection, and
classification, rather than true environmental or geographical variability. This highlights the need for standardized analytics

to more accurately compare MP shape across studies.

3.4 Extrapolation of site-specific MP deposition rates to annual MP deposition across Switzerland

To estimate the nationwide annual atmospheric MP deposition across Switzerland, we combined our measured MP
deposition rates with two national geospatial datasets at 100-m resolution: the land-use model NOAS04 17 (Federal
Statistical Office, 2025) and the GEOSTAT digital elevation model (Federal Statistical Office, 2014). For each grid cell, the
land-use type and elevation were linked, and elevation was grouped into three classes (< 1000 m, 1000-2000 m, > 2000 m).
The 17 detailed land-use categories were aggregated into two main classes — settlement and non-settlement — to quantify
their relative area within each elevation zone. Atmospheric deposition measurements from the five monitoring sites were
then assigned to land-use and elevation classes by assuming that areas below 1000 m receive deposition typical of urban
(Zurich, Duebendorf) or rural/agricultural (Magadino, Payerne) stations and mid-elevation zones (1000—2000 m) reflect
conditions at the mountainous station (Chaumont). High-elevation areas (> 2000 m) were not included in this extrapolation
as we did not measure MPs at any site representative of such an area. For each grid cell, the corresponding measured
deposition rate (mass- and number-based) was multiplied by its area and scaled to annual totals (Table 3). Summing over all
grid cells provided the total mass- and number-based annual atmospheric MP deposition for Switzerland, which were
219 tonnes and 3.8-10'* particles, respectively. These values represent the first observationally based national-scale
estimates. It should be noted that the estimation was done based on a small number of measurement stations. It is known that
atmospheric dry deposition of particles depends on the surface type (Seijo et al., 2025). The downward movement of
particles in air occurs under the influence of gravity, buoyancy and surface winds that depend on the characteristics of the
surfaces referred to as the surface roughness. The passive samplers were operated under similar conditions, therefore the

influence of surface roughness variations on the deposition of MPs is neglected in our estimate. The scientific literature
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further indicates that airborne particles can in vegetated areas such as forests be trapped by plant surfaces and reach the soil
by throughfall and litter fall (Weber and Bigalke, 2025). This process occurs in addition to the direct dry settling of
atmospheric particles that is measured in this study using passive samplers.

Table 3. Total annual mass-based and number-based atmospheric bulk deposition of microplastics (MP) in settlement and non-
settlement areas at different altitudes in Switzerland.

Height Class Land Use Area (km?) MP mass deposition MP number deposition (-10'> MPs
(m a.s.l.) (tonnes year™) year™)
<1000 Non-settlement 16403 87 174
<1000 Settlement 2944 39 63
1000-2000 Non-settlement 11885 91 136
1000-2000 Settlement 315 2 4
>2000 Non-settlement 9731 n/a n/a
>2000 Settlement 13 n/a n/a
Total 41291 219 376

Based on the more detailed land use information and our determined deposition rates, we estimate that 10 tonnes of
MPs per year are deposited onto Swiss surface water bodies, and 78 tonnes of MPs per year are deposited onto agricultural
land. The atmospheric inputs to surface waters were compared to the releases of MPs from Swiss wastewater treatment
plants (WWTPs) to surface waters determined by Crosset-Perrotin et al. (2026) using a similar analytical pipeline. That
study estimated that around 5 tonnes of MPs are annually discharged to Swiss surface waters through WWTPs. Atmospheric
deposition thus contributes twice as much MP mass to surface waters as WWTPs. This is in line with the findings of Sun et
al. (2022), reporting that the quantity of MPs deposited atmospherically in urban Shanghai, China could reach 1.7-12 times
of that discharged from treated wastewater. It should further be noted that a fraction of the MPs deposited on land may be
transferred to surface waters through wind and/or runoff associated with heavy rain events, suggesting that the inputs of MPs
from atmospheric deposition to surface waters may have been underestimated in this study. Nevertheless, this comparison

highlights the relevance of the atmosphere as a transport medium that distributes MPs across environmental compartments.

4 Conclusions

This study assessed the wet and dry atmospheric deposition of MPs over a one-year period at five sites in
Switzerland and provided a robust framework for assessing uncertainties associated with determined atmospheric deposition
rates. Number- and mass-based MP deposition rates were similar at suburban and rural sites, with means ranging from 249 to
331 MPs m2 d! [CI: 140-478] and from 13 to 21 pg m™2 d!' [CI: 4-46], respectively. However, the urban site in Zurich
exhibited more than double the number- and mass-based deposition rates compared to all other sites, with respective means

of 881 MPs m2 d! [CL: 562-1199] and 53 ug m 2 d! [CL: 17-107]. These results should be compared to data from other
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(Swiss) urban centers to assess whether such elevated atmospheric MP concentrations are characteristic for urban centers in
general. The determined deposition rates serve as a baseline for long-term trend analyses or exposure assessments.

Microplastics constituted between 0.02% and 0.12% of total acrosol deposition by mass. Although a seemingly
small fraction, this corresponded to an annual MP deposition of 219 tonnes across regions < 2000 m a.s.l. in Switzerland, of
which an estimated 10 tonnes deposited directly onto surface waters. Relative to WWTPs, which are estimated to discharge a
mass of ~5 tonnes to Swiss surface waters annually, the atmosphere plays an important role in the occurrence of MPs in
surface water bodies. Approximately 25% of Switzerland’s surface area consists of alpine regions (> 2000 m a.s.l.), which
were not covered in this study; future work may consider addressing these high-altitude catchments to understand the MP
loads in these pristine environments.

Annual MP mass deposition was dominated by dry deposition (61%), although the individual contributions of wet
and dry deposition varied considerably depending on the sampling period and site. Meteorological parameters showed poor
correlations with the MP deposition rates. This may be related to the limited temporal resolution of our individual sampling
periods of four weeks. A higher sampling frequency would, however, necessitate modifications in the sampling strategy to
collect an equivalent sample mass in a shorter time period. Although this could be achieved by increasing the catchment
area, it would likely make sample processing impractical.

This research focused on particles >20 pm due to the constraints of our analytical workflow with FPA-u-FTIR
spectroscopy. Future atmospheric monitoring efforts should seek to include plastic particles in the inhalable fraction (< 10

pm), which may be relevant for human (respiratory) health.

Data availability

Data collected in this study are accessible at https://doi.org/10.5281/zenodo.20230415 (last access: 16.05.2026). These
include 1) sample-specific metadata, including sampling times and locations and 2) microplastic particle data of atmospheric

deposition samples and corresponding blanks, including particle dimensions and polymer types.
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