PSI oo,
Characterizing Aviation Contributions to
Particulate Matter near Zurich Airport using

Chemical Composition and Source
Apportionment

S. Mishra ', J. G. Slowik', B. T. Brem?, Z. C. J. Decker'?, P. Alpert!, M.
Bauer’, S. Tinorua® M. Ammann?, A. S. H. Prevot', M. Gotsch?, J.
Sintermann? and M. Gysel-Beer

T Laboratory of Atmospheric Chemistry, Paul Scherrer Institute, 5232 Villigen PSI, Switzerland
2 AWEL, Amt fur Abfall, Wasser, Energie und Luft, 8090 Zirich, Switzerland
anow at: NOAA CSL & Cooperative Institute for Research in Environmental Sciences (CIRES); Boulder; CO, USA

NPC 2026

Zurich, Switzerland - 01 June 2026



Introduction

Airports are major hotspots of degraded air quality and health risks | =

) ) Climate Forcings from Global Aviation Emissions and Cloudiness
= Aircraft emit large amounts of PM and UFP, ;
degrading air quality near airports. M % ; T f‘f;' |
Warming from global o = aT Stratosphere
accumulation.of carbon Exhaust plume (no “contrail formatlon) -

. .. . dioxide and water vapor . * .Troposphere
Aircraft activity elevates PM and UFP, peaking at &% ngL' ;\71 'jg;:gg;gzg;'ue:;;;;;;";';gnfy;g;g:;e:;;;’ -
take-off/landing, spreading kilometers downwind, Possible ice cloud 7N

. changes from soot hv co Orz:::c(t?ozr)l o
producing secondary aerosols (Chung et al., 2023; ) l\Noz |
Ridolfo et al., 2024). 2
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Warming from contrail cirrus
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= Aircraft emissions release ultrafine particles and
lubrication oil compounds that are prevalent near
airports and can induce oxidative stress in
bronchial cells (Jonsdottir et al., 2019, Tinorua et
al.,2026)




Research gap

The contribution of gases, VOCs, and UFPs are well-studied but

Can we identify and quantify the fraction of Non refractory PM, originating from airport
emissions at the nearby downwind site?

Do we find any evidence of near-field secondary organic aerosol formation from airport related
precursor gases?




Study location
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Project & Methods

APPROPRIATE
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PM—->sources: Positive Matrix Factorization (PMF)
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Contribution of PM from
the airport



Factors contributing to PM

Others (5%) Airport (3%)

POA (16%) BBOA (19%)

NOA (11%)

OOA (46%)

Average contribution from 5" Nov-2"9 Dec 2022
overall

Biomass Burning organic aerosols (BBOA) E

Oxygenated organic aerosols (OOA)

PSI

Others (4%) Airport (8%)

POA (20%) BBOA (15%)

NOA (10%)

OOA (43%)

Average contribution from 5" Nov-2"9 Dec 2022
during airport operation

Primary hydrocarbons (POA) H; %

Nitrogen-containing organic aerosol (NOA) . |

Airport factor
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Factors contributing to PM
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Date

Time series and fractional contribution of the organic factors showing
the changes in the airport influence episodically.
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Effect of airport operations

During airport operation (6:00 am-11:00 pm)

No airport operation (00:00 am- 06:00 am)
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Effect of airport operations 6 am-5 pm

During airport operation (6:00 am-11:00 pm)

Excluding landings over the site: airport operation (06:00 am- 05:00 pm)

This factor intensifies during 6-5 window

PSI
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Take home messages

 PSI

Winter-time PMF resolved airport factor around Zurich Airport

Oil-related emissions detected, while several factors influenced by airport activity

Together, contribution from airport-related sources of particulate mass is >8%

Airport emissions contribute >8% of particulate organic mass, a non-negligible fraction at
regional scale, while simultaneously acting as a key source of ultrafine particles, warranting
complementary UFP-specific regulatory attention due to their distinct health relevance.
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Thank you for your time and attention
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