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Summary

This study assessed air quality at 23 European airports selected for their high traffic volumes,
geographical distribution across EEA member countries, proximity to densely populated areas, and
relevance to ongoing ultrafine particle monitoring activiti€he airports include major hubs such as
Frankfurt, Paris Charles De Gaulle, and Amsterdam Schiphol, representing diverse regions from
northern to southern and eastern to western Europe. Several airports were chosen because more
than one million people l& within 10 km of their boundaries. Information on recent monitoring
FOGABAGASE ¢l & 3l ThHeRAFERUPDKANRaddTEMplentehtdd Dyt lixEture
reviews and European research projects.

The analysis focused on three pollutantG,, PMz 5, andGst using validated 2023 data reported by

EEA member countries. Sampling poif@®Os)vith sufficient data coverage were identified within
airport areas and at varying distandesconsider their different lifetime and distributiod0 km for

NG, 20 km folPMxsandup to 50 km forOs. Wind direction frequencies were analysed to distinguish
downwind conditions, and pollutant concentrations were compared under two scenarios: wind from
the airport versus other directions. To address gaps in monitoring coverage, EE&dalytion air

quality maps with a spatial resolution of 1 km were usedestimate annual mean concentrations

and ozone peak season levels, enabling comparisons between airport areas, surrounding regions, and
land cover classes.

Monitoring coverage near airports was highly variable. Eleven airports [&®e8P@within 5 km,

and only three ha®POdnside airport areas. F&M. 5, 15 airports had n&POsvithin 5 km, and only
Dublin had a station inside the airport. Coverage improved at larger distances, particularly for ozone,
which reflects its regional nature. Wirgictor analysis revealed uneven directional coverag®lfor

and PM. s, while O; monitoring benefited from broader representation.

Comparisons under downwind conditions indicated potential airfpelated impacts. FONG,, 18
airports showed increases above 10%hen consideringvind sectors withfrequency above 10%
notable increasesvere found in Amsterdam 113%, Rome (90%), Lisbon (88%) and Mad88%.
ForPM:s, 15 airports showed increasep to 57%(up to 50% when considering wind sectors with
frequency above 10%00zone increases were observed at 17 airpansto 95%in Rome(in a wind
sector witha frequency of 15% These patterns suggest that airport emissions may influence local
air quality, although other sources and meteorological variability must be considered.

Due to limited and uneven monitoring coverage, deriving robust conclusions solely from
measurements was challenging. The analpsised on the EEA air quality mgm®vided clearer
evidence of spatial differencellO, concentrations were consistently higher in airport areas than in
regional backgrounds, with differences exceeding 10 pg/m? in Madridlastabn,reaching 13.4
png/m3. In Milan the NG, annual mean concentratiowas abovethe revisedAmbient Air Quality
Directive AAQD EU 202} 1imit valueto be attained by 2030 (LXsg), while Lisbon and Madrid
approached itPM; s differences were smalleabove 2 pg/m only infive airports. Sixairportswere
surpassing the 10 pg/m3 limit valte be attained by 203QL\s030) and four were just below this level
between 9.5 ug/m3 and 10 pg/m3The largest annual mean B¥concentrations in airport areas
were found in Milan(19.3 pg/m3)and Buchares{16.9 pg/ms3) Ozone peak season concentrations
were similar between airports and regional backgrounds, ranging from 72 to 113 pg/ms3, well above
WHO guidelinegWHO, 2021)Overall, the study highlights elevat®d, levels in airport areas
compared to surrounding ggons, whiledifference inPMs levelsare smaller O; remains largely
regional in nature.

Longd SNY (GNBYR& FTNBY Hnnp G2 HAHO P\MytddeNdMtiodsdzo & (1 y
with average declines of around 45% ®, backgroundSPOst different distance ranges from the

airports The analysis d*M. slong-term trendswas not conclusive due to the limited number of SPOs
with trends availableln contrast, ozone concentrations have increased consistently across all
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distance ranges, with rises of about 23% near airports and 15% at greater distances, reflecting
broader regional patterns.

Ultrafine particles YFB, measured as particle number concentration, are emerging pollutants of
concern due to their ability to penetrate deep into the lungs and enter the bloodstréaliterature
review highlighted that measurements at several major airports show annual averages exceeding
20000 particles/cm? within 1 km of airport operations with concentrations declining rapidly beyond
5¢10 km. Wind direction strongly influences dispersion, with airpelated contributions detected

up to %¢8 km dwnwind. These findings highlight aviation as a significant sourcgFétand
underscore the need for standardized monitoring protocols and strategic station placement to assess
population exposure.

Thisreport includes the links to a fiche for eaainport. The fichesincludea summary of thenalysis

for NG and PM: s in smaller fileslownloadable separately for each airpofthe maps in the fiches
displaythe location of the sampling points (SPOs) aroundatingorts. The tables include additional
information on the annual mean concentrations of each SPO with available data (data coverage larger
than 75%), distances of the SPOs from the airport area, location of the SPO in oneightirand
sectors(WS)around the airport (WS: N, NE, E, SE, S, SW, W, NW), wind frequency blowing from the
airport in that WS, population living in the WS within 10 km from the airport, and trends of annual
mean concentrations (2068023) when available. This information hagbe&omplemeted with the

EEA air quality annual maps (1 km x 1 km), covering the whole area around the airport and showing
in the boxplot the different levels concentrations over the airport area compared to the surrounding
region, including the weighted area means foe different land cover classes.

List of additional fiches:

1 Amstedam (AMS): https://www.eionet.europa.eu/etcs/etehe/products/etche-
products/etche-reports/etc-he-report-20257-air-quality-around-airports/etc-he-report-
2025 7-air-quality-aroundairportsamsterdamams. pdf

1 Athens(ATH: https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-
reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-qguality-
aroundairports-athensath.pdf

1 Barcelona(BCN: https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etc
he-reports/etc-he-report-20257-air-quality-around-airports/etc-he-report-20257-air-
guality-around-airports-barcelonabcn.pdf

1 Berlin (BER https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-
reports/etc-he-report-20257-air-quality-around-airports/etc-he-report-2025-7-air-qguality-
aroundairportsberlin-ber.pdf

1 Brussels (BRUY: https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etc
he-reports/etc-he-report-20257-air-quality-around-airports/etc-he-report-2025-7-air-
guality-aroundairportsbrusselsbru.pdf

1 Bucharest(OTR: https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etc
he-reports/etc-he-report-20257-air-quality-around-airports/etc-he-report-20257-air-
guality-aroundairportsbucharestotp.pdf

1 Copenhagen (CPH: https://www.eionet.europa.eu/etcs/etehe/products/etche-
products/etche-reports/etc-he-report-20257-air-quality-around-airports/etc-he-report-
2025 7-air-quality-aroundairports-copenhagercph.pdf

91 Dubin (DUB: https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-
reports/etc-he-report-2025-7-air-quality-aroundairports/etc-he-report-2025-7-air-quality-
aroundairports-dublin-dub.pdf

91 Dusseldorf(DUS: https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etc
he-reports/etc-he-report-20257-air-quality-around-airports/etc-he-report-20257-air-
guality-aroundairports-dusseldorfdus.pdf
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https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-amsterdam-ams.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-amsterdam-ams.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-athens-ath.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-athens-ath.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-athens-ath.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-barcelona-bcn.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-barcelona-bcn.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-barcelona-bcn.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-berlin-ber.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-berlin-ber.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-berlin-ber.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-brussels-bru.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-brussels-bru.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-brussels-bru.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-bucharest-otp.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-bucharest-otp.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-bucharest-otp.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-copenhagen-cph.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-copenhagen-cph.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-copenhagen-cph.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-dublin-dub.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-dublin-dub.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-dublin-dub.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-dusseldorf-dus.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-dusseldorf-dus.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-dusseldorf-dus.pdf

1 Frankfurt (FRA: https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etc
he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-
quality-aroundairportsfrankfurt-fra.pdf

1 Hamburg(HAM): https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etc
he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-
quality-aroundairports-hamburgham.pdf

1 Helsinki(HEL: https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-
reports/etc-he-report-2025-7-air-qguality-around-airports/etc-he-report-2025-7-air-qguality-
aroundairportshelsinkihel.pdf

1 Lisbon (LIS: https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-
reports/etc-he-report-20257-air-qguality-around-airports/etc-he-report-2025-7-air-qguality-
aroundairportslisborlis.pdf

1 Madrid (MAD): https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etc
he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-
quality-aroundairportsmadridmad. pdf

1 Milan (LIN: https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-
reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-qguality-
aroundairportsmilanin.pdf

1 Paris (CDG: https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-
reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-qguality-
aroundairports-pariscdg.pdf

1 Paris (ORY: https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-
reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-qguality-
aroundairports-parisory.pdf

1 Prague(PRG: https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-
reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-qguality-
aroundairports-pragueprg.pdf

1 Rome (FCQ: https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-
reports/etc-he-report-20257-air-quality-around-airports/etc-he-report-2025-7-air-qguality-
aroundairportsrome-fco.pdf

1 Viema (VIB: https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-
reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-qguality-
aroundairportsviennavie.pdf

1 Vilnius (VNQ: https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-
reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-qguality-
around-airportsvilniusvno.pdf

1 Warsaw (WAW): https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etc
he-reports/etc-he-report-2025-7-air-quality-aroundairports/etc-he-report-2025-7-air-
quality-aroundairportswarsawwaw. pdf

1 Zurich (ZRH: https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-
reports/etc-he-report-2025-7-air-quality-aroundairports/etc-he-report-2025-7-air-quality-
aroundairports-zurichzrh.pdf
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https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-zurich-zrh.pdf
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1 Introduction

Air pollution remains 9 dzN2 LJISQa&a I NBSad Sy@ANRYyYSydlt KSFfGK
respiratory diseases that impact health, reduce quality of life and cause preventable {E&As

2025) The revised EU Ambient Air Quality Directive (EU, 2024) sets revised and new air quality
standards, to be attained in 2030, aligned more closely with the 2021 World Health Organization
recommendations (WHO, 2021) in order to mitigate air quality impactseatfth and environment.

For PM. s (particulate matter wih a diameter of 2.5um or legsthe annual limitvalue for the

protection of human healthwill drop fromH p k¥ 3k Y w [(Sknilavythe anBual Ynoitvaluefor

b h {nitrogen dioxidewill beNB RdzOSR FTNRBY nn.CRMNI 2L2¢B wmhi®Ik YIKS
for protecting human health remains unchanged at a maximum daily28dzNJ YSIy 2F wMHAa
However, the permitted number of days exceeding this targedlculated as a thregear average

will bereduced from 25 to 18 per calendar year.

The revised directive (EU, 2028)roduces also the concept &1 A NJ lj dzt t AG e K2GalLkRia
highlights areas with particularly high pollution levels that require specific monitoring efforts. Air

quality hotspots include locations where the pollution level is strongly influenced by the emissions

from heavy pollition sources, such as nearby roads, industrial soungess, airports, intensive

residential heating, or a combination theredhisreport focuses on the air quality in the vicinity of

airports as they can have an impact on the air quality levels in the nearby cities, and as they have

been pointedin the directiveas possible air quality hotspots.

Air pollutants in airports areemitted from a variety of sourcegmissions from aircraft engines,

ground support vehicles, passenger transport, anesib@ energy generation. These sources release

L2t tdzil yia &4dzOK Fa yAGNRISY 2EARSE o6bh” 03X LI NIGAO
suphdzNJ RA2EARS 6{hi 0 Ol Nb2y Y BEO2UERhiBh adpatiiddeE | YR dz
smaller than 10@anometregnm), are particularly concerning because they can penetrate deep into

the lungs reach the brairandpotentiallyenter the bloodstreamUFPare also included in the revised

Directive (EU, 2024) aspollutant of emerging concerthat should be measureih order to support

scientific understanding of their effects on human health and the environmegiiPshould be

measuredat alocation where high concentrations are likely to ogcauch as airportsand at

monitoring supersite@) at both rural background locations and urban backgraund

Although technological improvements, such as ksamn engines, and the adoption of sustainable
aviation fuels (SAF) are reducing emissions at their source, aviation remains a significant contributor
to local and regional air quality challeng@&ASA, 2025Aviation (both domestic and international)

is an important emitter of NOx. In 2022 the share of aviation in transport emissions was equal to 14%
(EEA, 202#). Emissions from the aviation sector (mainly due to international aviation) increased
(19902022 in the ELR7 for most pollutants NOx, SOfsuphur oxides) NH (ammonia) PMand

PM.sT except for ChH(methane),CO(carbon monoxide)NMVOG (norrmethane volatile organic
compounds) Increases in emissions since 1990 ranged between 47% and 117%, depending on the
compound considered (EEZ)24b). The number of passengers transported by air increased by 19.3%
in 2023 compared with 2022. In 2023, 973 million people in the EU travelled b WRQSTAT
20233).

Airports areidentifiedaspotentiall A NJ lj dzZ €t Ade aK20alLl2iaé Re&Bedi?2 (GKS
activities. A recent modellingstudy showed that pollutant levels near airports can be substantially

higher than in surrounding areas particular fa NOy, with aviation contributing up to 38% at airport
sites(CONCAWE, 202Fxposure to higiNG, concentrationsfrom aviation could be significant in

residential areas around airports.

! Monitoring station at an urban background location or rural background location that combines multiple
sampling points to gather lostgrm data on several pollutaftsu, 2024)
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The aim of this study is to evaluate air quality in and around airports and undeitstaicdntribution

to local air pollution from airport activities Specifically, the report examigaéow air quality is
monitored within airport premises and in their vicinity, amdomparesambient concentrations of key
pollutantst nitrogen dioxide NGy, fine particulate matter®M:s), and ozone@:)t between airports

and nearby cities or regionkong term tendsof air pollutant concentrationsare also analysetb
identify patterns and change$he analysis will focus on a selection of 23 European air@ortht is

based on the latest validatedir quality data (2023) reported by EEA member and querating
countriesand the EEA air quality mapgo address these questions, the study followed several steps
using various datasets, including air pollutant concentrations, land cover, population and meteorology.
The methodology and datasets are described in Sectjdolldwing the same methodology that was
used for the analysis of air quality around ports (Pozzoli et al., 2024 and. Zb#Ebassessment of air
guality monitoring around the 23 selectadtports in Europe is presented in Section 3. The canispn

of NG, PM: s and Os; concentrations betweemirport areas and nearby cities and surrounding regions

is presented in Section, 4&nd their trends in Section. Section 6present an overview of UFP air
concentrationsmeasured at differenEuropean airports and nearby cities. Timsludesa review of

most relevant studies to show how aviation emissions can contribute to UFP at the selected airport
cities. Section7 provides general conclusions. Annex 1 provides the complete analysis (graphics and
maps) for eachirport.
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2 Methodology
2.1 Datasets

2.1.1 Air quality data

The data abut air quality sampling points (SPOs) were downloaderh fthe EEA AiQuality data
portal (https://agportal.discomap.eea.europa.e)/Three pollutants were alysed,NOG,, PMs and
O, for year2023, corresponding to the latest validated data reporgdEEA membend cooperating
countries (Elavalidated data AQ -Reporting. The netadata of the selected SPOs atige
corresponding measurements weeecessed and downloaded frothe annual statisticslata table
calculated from air quality values originating both from AGReporting (data flow Ela
https://discomap.eea.europa.eu/App/AirQualityStatistics/index.htmdlownloaded on 22 Agust
2025) For each SP@he relevant metadatavere extracted, including the country, the air quality
station Eol cde, latitude and longitudedata coverage in the selected year, observation frequency and
the link to the raw datawith measured concentrationg\ total number o2 935SPOs were found for
NG hourly measurementsl 423 SPOs folPM:s hourly measurements563 SPOdor PMe s daily
measurements?2 048SPOs foD; hourly measurementsall with available measuremenits 2023and
data coverage above 75%

2.1.2 EEA air quality maps

Thelatestair quality mapsf EEA member and cooperating countries for 2(28ralek et al., 2025)
were also used in this analysi$ie maps providannual mearNG, PMy s and O; peak concentrations

at the horizontal resolution of 1 km x 1 kifihemaps arebased on the interpolation of the annual
statistics of the 202 observational data reported by the EEA member and cooperating countries and
other voluntary reporting countries and stored in the Air Qualitgporting database, complemented,
when needed, with measurements from additional sources. The mapping methlogl Regressioq
Interpolation ¢ Merging Mapping (RIMM). It combines monitoring data, chemical transport model
results and other suppmentary data using linear regression model followed by kriging of its residuals
(residual kriging)Themapscan be downloadeth GeoTIFF formditom the European air quality data
(interpolated data) Seriesin the EEA geospatial data catalogwéile the methodology used for the
production of these mapis detailed in Horalek et al. (202&8hdtherein references

2.1.3 Land cover classes

The CORINE Land Cover 2018LC2018 https://land.copernicus.eu/en/products/corindand
cover/clc2018datasetproduced within the fame of the Copernicus Land Monitoring Servi@es used

to identify airport areasThe dataset providepanEuropean CORINE Land Cover inventory for 44
thematic classes for the 2018 reference y€Hne polygons identifying airport areasrrespond to

the CLGCode 124The CLC2018 dataset is also usedwedgliarydatain the production of the EEA air
quality maps.

2.1.4 Meteorology

Thewind directionis an important parametewhich is measured at every airpoiVind direction
measurementsvere used in this report to determine thigequency of downwind conditiorat the air
quality SPOs located around the airpofieewind direction data werelownlcadedfrom the National
Oceanic and Atmospheric AdministrationQNA Integrated Surface Database (ISD) meteorological
observationgSmith et al., 201;Jhttps://www.ncei.noaa.gov/products/landbasedstation/integrated
surfacedatabasg. The ISD contains detailed surface meteorological data from around the world for
over 35000 locationsHourly wind directionat meteorological observing stations located inside the
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airports were imported using thevorldmetpackage which is part of th@penairtoolkit (Caslaw and
Ropkins, 201

2.1.5 Population

The JRGEOSTAT 20®pulation distribution data(Batistae Silva, 2021yvas usedn this study in
combination with the location of the airports and tiseirrounding SPO3he JRGEOSTAT 2018 is a
high-resolution (1 knmx 1 kn) grid map of resident population across 38 European countries for the
year 2018. It was developed by tBEeiropean Commission Joint Research Centre (JRC) in collaboration
with DG REGIO and Eurostat

2.1.6 Air traffic

Air traffic data at different airports were extracted from EUROSARTransport measuremeng
passengers and freighttfps://ec.europa.eu/eurostat/cache/metadata/en/avia_pa_esms.htihe
sum oftotal annualnumber ofpassenge(EUROSTAT, 2022a0d freight(EUROSTAT, 2023lijhts
by airport was extracte&nd considereds one of the criteria for the airport selection.

2.2 Airport selection

This study analyses air quality for a selection of Europamports, 23 airports were selected
considering the following criteria:
9 air traffic (total number of passengdlightsand freight flights in 2023);
1 geographical distribution in the EEA member countries;
1 population living in the vicinity of the airports;
9 available studies regarding airports abéFPmeasurements from existing research EU projects
and from EEA membemnd cooperatingountries (EIONET consultation).

The listof the 23 selected airports is provided Table2.1. Airports are identified by their city name
andthe airport code from thdnternational Air Transport AssociatigihTA. The listincludes some of

the European ajports with largest trafficwith over 400000 flights (passenger and freight) in 2023
such agrankfurt¢ Main (FRA)Paris- Charles De Gaulle (CDG) and Amsterd&uhiphol (AMS). The
airports are located irl7 different Europearand EEA member countrieBigure2.1), from wesern
(Lisbon, LIS) to easn EuropgBucharest, OTPandfrom northern (Helsinki, HEL) to sowtim Europe
(Athens, ATHBSome of the airports were selected for their vicinitydensely populated urbaareas

thus with high population living in the vicinity of the airport. The airports of Hamburg (HAM), Lisbon
(LIS), Madrid (MAD), Milan (LIN), Paris (ORY) and Warsaw (WAW) have more than 1 million inhabitants
living within 10 km (or more than 24ID0inhabitantswithin 5 km for HAM, LIN, ORY and W.AoWer
400000 inhabitantsfor the airport of LIS). A number of ongoing activities and recent studies about
monitoring air quality at airports were reported through an EIONET consultation by the experts of the
EIONEThemadic Group on Air (TAIR). The EIONET consultation mainly focused on recent or ongoing
monitoring activities ofJFP Additional studies were provided for six of the selected airports. This was
also complemented by a preliminary literature review, which identified existing studieEamgpean
research projects sfich asNET4CITIHY, OLGAE), KoPilof*), RFURBANE), STARGATE and
ULTRAFLEB on UFP measurementSuch studies and projects were identiffed 10 of the selected
airports.

2 https://www.net4cities.eu/

8 https://www.olgaproject.eu/olympicsnnovations/airquality-sourceapportionmenstudy

4 https://www.uniklinikduesseldorf.de/patientdresucher/klinikeninstitutezentren/instifuter-arbeitssoziat
undumweltmedizin/forschung/umweltepidemiologienvironmentakpidemiology/kopilot

5 https://riurbans.eu/

6 https://www.greendealstargate.eu/

7 https://www.tropos.de/en/research/projeatsastructuregechnology/jointresearckprojects/ultrafleb
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Table2.1: List ofairports in Europe included in this study

Airports (City¢ IATA code) Country  # flights in 2023 Studiesand projectson UFP Population Population
code within 5 km  within 10 km
Amsterdam (AMS) NL 436967 Vogt et al., 20192019;Dintheret al, 2019 Tromp et 67 805 656 614
al., 2021 Hofman, 2016
Athens (ATH) EL 218524 RIURBANS 13 885 114 669
Barcelona (BCN) ES 310073 NETACITIERIURBANS 73 838 913 168
Berlin BER DE 166100 Winkler et al., 2025ULTRAFLEBET4ACITIES 81134 489 981
Brussels (BRU) BE 180376 Lefebvre et al., 201%GarciaMarles et al., 2025 91 796 647 575
STARGATE
Bucharest (OTP) RO 103776 29617 135 464
Copenhagen (CPH) DK 222068 Ellermann et al., 2024 78 890 310 306
Dublin (DUB) IR 229755 125 961 594 831
Dusseldorf (DUS) DE 143567 Grase Schute, 2025KoPilof NET4CITIES 133 403 596 132
Frankfurt (FRA) DE 422275 Gerwig et al., 202 H.NUG, 2025 37 849 383714
Hamburg (HAM) DE 103669 249 997 1179 424
Helsinki (HEL) Fl 135788 Kahonen et a) 2023 66 319 359 322
Lisbon (LIS) PT 221781 432 863 1054 312
Madrid (MAD) ES 377513 64 306 1097 811
Milan (LIN) IT 97753 245 983 1219035
Paris (CDG) FR 446185 AIRPARIF 2024; OL®MNRBANS 14 870 375974
Paris (ORY) FR 205679 RIURBANS 260 312 1439 945
Prague (PRG) Cz 102087 46 070 313 813
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Rome (FCO) IT 262653 37 635 234 361
Vienna (VIE) AT 219339 Buxbaum et al., 2025 11 267 74 029
Vilnius (VNO) LT 35471 72 641 351 285
Warsaw (WAW) PL 153935 240 176 1055371
Zurich (ZRH) CH 213400 OSTLUFT, 202SETACITIES 91 281 494 535
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Figure2.1: Location of the 23 Europeaairports analysed in this study

nfandet

Bergen
I .
P Helsinki
©
@ 2
Stockhalm Gl
Agder Eesti
Ve
Albg

Goreborg

Latvija
Edinburgh Parimd Copenhagen (CPH)
United Kingdom Kebefiavn : 8
Mewcastle m Lietuva
Belfast _uponTyne SNIMHAHIPaA
Great Britain v Vilnius (VNO)
Isle‘of Man Wiicistein Mec! Gdarisk
Leeds o 4 2 = il
T fpoaHa T hg Maringéj
= Hamburg (HA Benapyce
Dublin (DUB) Manchester Sheffield t Bydgoszcz
Szczecin yogos Biatystok

anburg

Lot Amsterdam (AMS)| yicderoach rlin PoInat ;
e Birmingham (¥ PEErT Berlin (BER) i Warszawa -
Cardiff ~ Lendon Dusseldorf (Dus)| = Magodeburg m Bpac
: Deutschland -
Brussels (BRU) By / B Cracdd Wroclaw Lublin Nyusx

dHEy amgtain Krakow o
Belgien w @ erague (PRG) - PMTOMIAD Kuis
GUENNSE) L] r“bwcj Nipia ;
4 Luxembl Frankfurt (FRA) BiHHuMuA
Grand Est Boyern ¥ ke
Rennes Stuttgart Linz Slmn.rw_>k.3 ¥r onma e
Lermre=ro i n %o YepHiBuy
Mantes de Loire 25 Zurich {ZRH) Osterreich :
SLnA Magyarorszag Mot Muko!
France SuissefSvizzeral Graz Noldova
Svizra Cluj-Napoca
3 Slovenija Fofnania Opeca
Auvergne Mijggo Timisoara GEBLE Galati
, o i . m Eeorpaj
=l Bt 12, ¢ Bugmessti
Bologna vat Craiova i
ENOvVa ] Hrvatska : - . 4 C
: Mngacn & Sar.yom Cpbuja Bucharest (OTP)| 7¢enstanta
Pamplona / bt En;ia disan o,
Iruna Marseille arino B 3
2} Elia Gonar: Cofua® bBunrapua

LipHa l'opa

Castiila Barcelona (BCN) [ alia ®Craflje Mnospue
Madrid (MAD)| Rome {£CO) poie. Shaiperia S

Napoli Tekirdag Sakarya

Geaaahavikn A
Espafia = Gilencia palma Bursa
Portugal Balikesir Kitahya

qLisbon (Lis) ENAf B Afyonk
Lish: Palermo Ke

Matpa filfi

Sevilla® Andalida Constantine b AdNva Aydin Denizli

Andalucio FOEESS st Antalya
® gl
Tanger Eello Oran Us@OZ! Alger ARoss0 el ;
A=l alisg kel gl Malta
Batna t8ot8i+ o ]
Rabat 6:E Djelfa B2HHe b s .
(e Anl-ll

2.3 Assessin@ir quality in the vicinity of theselectedairports and surrounding regions

The first step was to identify the SPOs with available data in 20#8data coverage larger than 75%
insidethe airport area(i.e. inside theCLC201@olygonclassified as airport, CLC Code)l&d within
different distance range&ir quality SP@ located in thevicinity of aiportswere consideredi.e.inside
the airport area or within 1 kjrand other that could be affected by tlarport activities in the vicinity
of airport (within 5 km). The identified sampling points were theompared withSP@ in the nearby
citiesand surrounding area®ifferent distance ranges from the airport areasre considered10 km
for NG, 20 km forPMz s due to its longer lifetime in the atmospherg0 km forOs; due to its secondary
chemical production also far from the sources of its precursors (NOx and NMVOCSs).

Meteorology is an important factor in the analysis. To assess wind direction frequencies, hourly wind
data from 2023 were collected from meteorological stations located within the airports. The data were

used to calculate the percentage of time the windwal from the airport toward each of eight
surrounding sectors, each 45 degrees wide aedtred at the following compass directions: 45°
(Northeast, NE), 90° (East, E), 135° (Southeast, SE), 180° (South, S), 225° (Southwest, SW), 270° (West,
W), 315° (Norttwest, NW), and 360° (North, N).
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The assessment &f0,, PM: s and O; concentrations in the vicinity of airports, relative to nearby urban
and regional areas, was conducted through the analysis of hourly pollutant measurements obtained
from the selected SPOsassociated with each airport. Concentration distributions were evaluated
under two distinct meteorological conditions: when the wind originated from the direction of the
airport, and when it did not. This comparative analysis serves as a preliminary indicator of potential
impacts fromairport-related activities on ambient air quality across different wind sectors surrounding
the airports. It is important to acknowledge, however, that observed differences in pollutant levels
may also be influenced by other concurrent emission sources, wbial confound the attribution of
effects solely tairport operations.

Measurement data from SPOs are not consistently available across all airports, and where available,
their spatial positioning relative to the airport may be suboptimal due to factors such as distance and
local meteorological conditions. To complement tHeChased analysithe EEAighresolution air
quality maps for the year 2023 were utilized. These maps, with a spatial resolution of 1 km x 1 km,
integrate model simulations, observational data, and supplementary inputsalgtoet al., 2025),
offering amore comprehensive spatial representation of ambient air quality in the regions surrounding
the airports. They were employed to estimate differences in annual mean concentratiN@ M. 5
andthe meanQO; peak seasoroncentrationbetween airport areas andearby cities and surrounding
regions TheQ; peak season concentratiaarelated tothe new longterm Air Quality Guideline (AQG)

f SOSt (seftd 6 udrid WHO, 2021 This corresponds tthe average of daily maximumt&ur
YSIty hi O2y 0OS yidletlpéak @asodéfified skh sixéc@nsecutive months of the year
with the highest sbmonth runningaverage ozone concentratiorMean concentrationsin airporté

were calculated for grid cells located within and up to 1 km from the airport polygon. These values
were then compared with the mean concentratiods surrounding regioné Eomputed over a
broader reference area defined by a (degrees latitude (approximatively 50 km x 0.5 degrees
longitude (approximatively45 kmat 35N and 28 km at 6M) region surrounding each airport. This
approach enables the estimation of concentration differences between the immediate airport vicinity
and the surrounding regionddackground.Additionally, the mean concentrations "in airport" were
compared with areaveighted mean concentrations associated with different land cover classes, as
presented inTable2.2.

Table2.2: Land cover classes used as ancillary data in the EEA air quality maps

Label General class CLC classes CLC classes CLC classes description
description grid codes  codes
HDR High density 1 111 Continuous urban fabric

residential areas

LDR Low density 2 112 Discontinuous urban fabric
residential areas

IND Industry 3,79 121, 131133  Industrial or commercial units,
Mineral extraction sites, Dump site
Construction sites

TRAF Traffic 4-6 122-124 Road and rail networks and
associated land?orts Airports

AGR Agricultural areas  12-22 211-244 Agricultural areas

NAT Natural areas 2334 311-335 Forest and seminatural areas

A database of SPOs containing ldegn trends in air pollutant concentrations at European and
national levels for the period 20Q2021 (Gbangou and Colefte023 was updated to include data up
to 2023. This extended dataset was used to assess trefd&yrPM, s and Os concentrations at the
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SPOs identified in earlier stages of the analysis. The objective of this comparison was to evaluate
whether distinct trends in annual mean concentrations were observedinports or their immediate
surroundings, relative to other SPOs located in the broader regional context.
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3 Air quality monitoring aroundEuropeanairports

3.1 NG

To assess the availabilityl©, measurements in proximity to European airports, the number of SPOs
within 5 km and 10 knfrom the meteorological station located inside eachpait were evaluated
Figure3.1LINBa Sy ia GKS ydzyoSNJ 2F bhi {tha t20FGSR Al
selected airportsThe plot reveals significant variation in monitoring coverage across locations. For
instance M m | A NLJhaidiaay SRCngaguiiingNG; hourly concentrationswithin 5 km (ATH,

BER, OTREPH, FRA, HAM, HEL, CDG, ORY, PRG,)aithé/liimber of SPOs within 5 km for the
other airports ranges betweeone (DUB, LIN, WAW and ZRH) émée (AMS, LIS and MADAIl the
selected airportdiave at least one SPO measuri@® within 10 km but the total number of SPOs is
highly variabldbetween the airportsThe number of SPOs within 10 km ranges betwednund for

five airports @TH, OTP, CPH, HEL and)P&@a maximum of 8, found fdour airports(DUB, HAM,

LIS and MAD

Table3.1 provides an overview @POg A (i K | @ | Hodirly daté i 203twithin a 10 km radius
from the meteorological stations located inside the selected airpdrte table includes information

on the number and type of SPOs (Backgrqudiraffic,T;Industrial I), availability of longerm trend

data, proximity to the airport polygon, and their distribution across wind sectbhés summary
highlights the variability in monitoring coverage, SPO types, and wind sector representation across
airports, which is critical for interpreting air quality data in relation to airport emissions and icfsen

from otherlocaland regionakourcesThe total number of SPOs within 10 km was already described

in Figure3.1 and discussedh the previous paragraphn addition to that the identified SPOare
grouped based on their monitoring context: Background (B), Traffic (T), or Industrial (). The
distribution of types provides insight into the dominant sources of pollution being monitored near
each airportMost of the selected airports havane or more background SP@#ihin 10 km,except

for CPH and HEL, which have one traffic.3Rfe than one of SPO typeas identifiedfor 12 of the
selected airportssuch background and traffic in AMBUB, HAM, LIS, MAD, LWAW and ZRH,
background and industriahiBRU and FCO, or all typedbdS and VNOhe mean distances of the
identified SPOs from the airport area are ranging between approximatively 2 km (FCO) and 8 km
(OTP)Thedistanceand distribution of SPO types are crucial for interpreting air quality data. Airports
with a mix of SPO types offer more comprehensive insights into different pollution sources. In
contrast, airports with onlypne SPQ background (ATH, OTP a@RGor traffic (CPH and HE)ay

lack the granularity needed to isolate airpapecific impacts.

At least one SPO with available long timeseries records (2088) is available in 19 of the selected
airports. The number of SPOs where trend®b are available is ranging betweeme (BCN, CPH,
DUB, HEL and FCO) andHAM). Long timeseries records are not available for the airports of ATH,
OTP, PRG and ZRH. Tssam@ discussed more in detail in Section 5.

Only three of the selected airports have one SR@ated inside the airport arefdentified as the
polygons with CLGde 124, oneindustrial SPO in the airport of Brussels (BRkjonebackground
SPO each in the airports of Dublin (DUB) Rtatirid (MAD).Eight airports have at least one SPO
located in the vicinity of the airport (i.e. within 1 km frdire airport polygon, one backgound SPO
each in the airports of Barcelona (BCN), Dublin (DD&jseldorf (DUS) and Rome (F@©O¢,traffic
SPO in theigport of Zurich (ZRH@ne background anane industrial SPO in the airport of Brussels
(BRU)andtwo background SPOs each in the airporténfsterdam (AMS) and Madrid (MAD)

The distribution of SPOs across wind sectors and the associated cumulative wind frequency provide
insight into how well the monitoring network captures air quality under prevailing wind conditions
around each airportSPOs are distributed acrosse to five wind sectors depending on the airport.

This reflects the directional spread of monitoring coverage. AirportsLUigeon(LI§ and Madrid

(MAD have SPOs ifive sectors, offering broader directional representatjo69% and58%
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respectively The cumulative wind frequency is above 50%oiur other airports(AMS, DUS, FRA and
WAW) with at least one SPO fiour or three wind sectors.The cumulative wind frequency at the
airports which have SPOs in owige or two wind sectorsis ranging between approximately 12%
(HEL) an84% (VNOQ)

Figure3.1: Number of monitoring SPOs M O2within 5and 10km around 23 European airports
with validated measurements for year 2023
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Error! Not a valid bookmark seffeference.presents detailed examples for the airports of Madrid
(MAD), Brussels (BRU), and Dublin (DUB). The maps illustrate the airport areas along with the location
'y R (@& LISPOgiftiated within 5 km and 10 km of the meteorological station located inside
each airport. Additionally, population density around the airports is visualized using 1 km x 1 km grid
cells: light blue indicates serdensely populated areas (3D 500 inhabitants/kmz2), while red
represents densely populated areas 60 inhabitants/km¥.

Adjacent to the maps, wind frequency plots show the distribution of wind directions from the airport
meteorological station toward surrounding sectors. All three airports in this example have one SPO
located within the airport area and another SPO posiidmearby, aligned with the prevailing wind
direction and situated close to densely populated zones. This configuration meets the-scateo
siting criteria for large emission sources as defineithénreviseddirective EU 2024)
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Figure3.2: Air quality NO, SPOsaround the airports of Madrid (MADIeft), Brussels (BRW@gntre) and Dublin (DUBright). The dstribution of wind
directions from the airport meteorological station toward surrounding sectdssshownbelow each map.
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Table3.1: Number of SPOs within 10 km from the European airports. SPOs in the list are those with available d&t&far 2023

Airport Country  SPO within SPO type Mean SPO within  SPO in SPO within 1 Wind sectors  Total wind
code 10 km (#) distance 10 km with  airport (#, km from airport with atleast  frequency
from airport  trend (#) type) (#, type) oneSPO (#)  covered by all

(km) SPOs (%)
Amsterdam (AMS) NL 7 5B;2T 4.00 4 2B 4 52.4
Athens (ATH) EL 1 1B 3.70 1 20.7
Barcelona (BCN) ES 5 5B 3.47 1 1B 3 36.7
Berlin BER DE 2 2B 4.44 2 17.1
Brussels (BRU) BE 7 3B;4l 3.26 3 11 1B;1lI 3 44.4
Bucharest (OTP) RO 1 1B 7.93 1 22.0
Copenhagen (CPF DK 1 1T 6.02 1 1 13.5
Dublin (DUB) IR 8 2B;6T 6.32 1 1B 1B 4 43.9
Dusseldorf (DUS) DE 6 3B;11;2T 4.53 4 1B 4 58.7
Frankfurt (FRA) DE 3 3B 3.92 2 3 53.6
Hamburg (HAM) DE 8 3B;5T 5.73 6 4 41.8
Helsinki (HEL) Fl 1 1T 3.01 1 1 11.9
Lisbon (LIS) PT 8 4B;4T 4.34 5 5 69.0
Madrid (MAD) ES 8 6B;2T 291 4 1B 2B 5 58.1
Milan (LIN) IT 7 2B;5T 4.78 5 4 46.5
Paris (CDG) FR 2 2B 3.94 2 2 19.0
Paris (ORY) FR 2 2B 3.74 2 2 28.4
Prague (PRG) Ccz 1 1B 6.15 1 12.8
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Rome (FCO) IT 3 2B;1 2.17 1 1B 3 39.1
Vienna (VIE) AT 3 3B 4.04 3 1 16.9
Vilnius (VNO) LT 4 2B:111T  4.94 3 2 34.2
Warsaw (WAW)  PL 4 3B;1T 4.90 3 4 66.9
Zurich (ZRH) CH 6 3B;3T 5.05 1T 2 26.4
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3.2 PMs

Figure3.3 presents the number dPM. s SPOs located within 5 krgréenbars) 10 km (ed bars)and

20 km (blue barspf selected airportsThe PMxs SPOsncludes both automatic measurements$

hourly concentrations as well ggavimetric measurements of 2dour daily concentrations As for

NG SP@, the plot reveals significant variation in monitoring coverage across locatiomg.the

airport of Dublin (DUB) has at least one SPO located inside the airport area. Four airports have at least
one SPO located in the vicinity of the airport (i.e. within 1 km from the airport polygme),
background SPO each in the airports of Brussels (BRU), Dublin (DUB), Dusseldorf (DUS) and Rome
(FCO)15 | A N1.J2 NXade arfy 8POe@asuringPMe s hourly or daily concentrationswithin 5 km

The number of SPOs within 5 km for the other airports ranges betwrefAMS BRULINand FCp

andtwo (DUB DUSLISand WAW. All the selected airportexcept for Vilnius (VNQ)ave at least

one SPO measuriigjVks within 20 km, but the total number of SPOs is highly variable between the
airports. The number of SPOs within 10 km ranges between 1, found for 5 airports (ATH, OTP, CPH,
HEL and PRG), and a maximum of 8, founddfar airports (DUB, HAM, LIS and MADhlytwo

airports do not have anpM.,sSPQalso within 10 kmAthens(ATH andVilnius ¥NO), and VNO does

not have anyPM.,sSPQup to 20 km.Nine airports havel0 (WAW and DUSor more(up to 18 for

DUB SPOs within 20 km.

Table3.2 provides an overview @dPOsvith availablePM: shourlyand dailydata in 2023 within 20

km radiusfrom the meteorological stations located inside the selected airpdite total number of
SPOs withi20 km was already describedhigure3.3 and discussed in the previous paragraph. Most
of the selected airports have one or more background SPOs viathkm, except foWilnius (VNO),
without any SPO within 20 km, al@@PH, which have one traffic SRre than one of SPO type
background and traffiayas identifiedfor 12 of the selected airporisind all three SPO types for seven
airports (AMS, BCN, BRU, OTP, DUS, HAM and@hd3®)ean distances of the identified SPOs from
the airport area are ranging between approximativelym (CPH and ZRnd16 km (ATH.

At least one SPO with available long timeseries records (2088) is available in8lof the selected
airports. The number oPM:5SPOs where trends are available is ranging betwsen(CPH, DUB,
andORY andseven(BER and MADLong timeseries records are not available for the airports\d,
ATH, OTR/NOand ZRH. Trersdhre discussed more in details in Section 5.

Onythe airport of Dublin (DUB) has at leaste SPO located inside the airport ar€aurairports

have at least one SPO located in the vicinity of the airport (i.e. within 1 km from the airport polygon),
1 background SPO each in the airport8aissel{BRU, Dublin (DUB), Dusseldorf (DUS) and Rome
(FCO)The distribution of SPOs across wind sectors and the associated cumulative wind frequency
provide insight into how well the monitoring network captures air quality under prevailing wind
conditions aroud each airportSPOs are distributed acramseto sixwind sectors depending on the
airport. This reflects the directional spread of monitoring coverage. Airportdadrid (MAD) and
Warsaw (WAWhave SPOs isixsectors, offering broader directional representatjatb% and87%
respectively The cumulative wind frequency is above 50%ight other airports AMS, BER, BRU
OTP, DUB, DUS, FRA anj] Wigh at least one SPOtimree to five wind sectors. The cumulative wind
frequency at the airports which have SPOs in amlg or two wind sectors is ranging between
approximately 0% ATH and28% ORY.)

Figure3.4 presents detailed examples for the airports of Brussels (BRU), DublingbtBlusseldorf
(DUS) The maps illustrate the airport areas along with the location and tygevef SPOsituated

within 5 km 10 kmand 20 knof the meteorological station located inside each airpoogether with
population density around the airportsandthe distribution of wind directions from the airport
meteorological station toward surrounding sectors. All three airports in this example have one SPO
located within the airport are§DUB) oranother SPO positioned nearby, aligned with the prevailing
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wind direction and situated close to densely populated zones. This configuration meets the macro
scale siting criteria for large emission sources as defindteinevised directive (EU, 2024)

Figure3.3: Number of monitoringSPO®f PM. s within 5, 10 and20 km around 23 European
airports and nearby cities with validated measurements for year 2023
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Figure3.4: Air quality PM.s SPOsaround the airports of Bussels (BRUeft), Dublin (DUBg¢entre) and Dusseldorf (DU®ight). The dstribution of wind
directions from the airport meteorological station toward surrounding sectdssshownbelow each map.
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Table3.2: Number of SPOs within 20 km from the European airports. SPOs in the list are those with available d&tslfein 2023

Airport Country  SPO within SPO type Mean SPO within  SPO in SPO within 1 Wind sectors  Total wind
code 20 km (#) distance 20 km with  airport (#, km from airport with atleast  frequency
from airport  trend (#) type) (#, type) oneSPO (#)  covered by all
(km) SPOs (%)
Amsterdam (AMS) NL 11 6B;11;4T 8.64 4 55.9
Athens (ATH) EL 2B;1T 15.99 2 9.8
Barcelona (BCN) ES 9 4B;11:4T 10.65 3 3 35.7
Berlin BER DE 15 7B;8T 11.62 5 58.6
Brussels (BRU) BE 9 6B;11;2T 7.32 4 1B 5 715
Bucharest (OTP) RO 12 8B;11;3T 11.49 5 72.7
Copenhagen (CPF DK 1 1T 6.02 1 1 13.5
Dublin (DUB) IR 18 11B;7T 8.86 1 1B 1B 5 54.2
Dusseldorf (DUS) DE 10 6B;11;3T 7.16 2 1B 5 75.3
Frankfurt (FRA) DE 12 9B;3T 11.77 5 4 58.4
Hamburg (HAM) DE 5 2B;11;2T 7.70 4 2 17.0
Helsinki (HEL) Fl 3B;3T 10.66 5 4 44.8
Lisbon (LIS) PT 5 3B;11;1T 9.61 4 3 54.6
Madrid (MAD) ES 12 5B;7T 8.95 7 6 74.8
Milan (LIN) IT 5 2B;3T 6.98 2 2 20.2
Paris (CDG) FR 4 3B;1T 10.57 2 3 25.0
Paris (ORY) FR 7 3B;4T 11.51 1 2 28.4
Prague (PRG) Ccz 6 4B;2T 9.95 4 3 31.7
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Rome (FCO) IT 4 4B 7.13 1B 32.0
Vienna (VIE) AT 12 10B;2T 9.85 32.8
Vilnius (VNO) LT 0

Warsaw (WAW)  PL 10 9B;1T 8.80 86.7
Zurich (ZRH) CH 2 2B 6.25 26.4
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33 O3

Thelonger distancaip to 50 kmfrom the airportswas considered fothe analysis 00©; SPOslue to

its secondary chemical production also far from the sources of its precuFiguse3.5 presents the
number ofO; SPOs located within 5 kpurplebars) 10 km greenbars) 20 km ¢ed bars)and 50 km
(blue bars)of selected airportsAs forNG, and PMs SPOs, e plot reveals significant variation in
monitoring coverage acroshifferent airports 14 airports donot have any SPQmeasuringOsz hourly
concentrationswithin 5 km Seven airports havene SPO within 5 km antivo airports (MAD and
DUShavetwo SPOsWhen considering a distance of 10 kinere is only one airport without any SPO
(HEL@andranging betweeroneto sixSPOs in other airport3he total number of SPOs is increasing
at larger distances, ranging betwe@rand 18 within 20 knftwo airports with more than 10 SPPDs
and between2 and 37 SPQsithin 50 km (17 airports with more than 10 SP.Os)

Table3.3 provides an overview ddPOswvith availableOs hourly data in 2023 within &0 km radius
from the meteorological stations located inside the selected airpditie total number of SPOs within

50 km was already described Figure3.5 and discussed in the previous paragraphe numbeiof
backgroundSPOs withib0 kmis ranging betweend (VNQ to 25 MAD). More than onetraffic SPO
wasidentified for 13 of the selected airports, anithdustrial SPOfor sixof the selected airportsThe
mean distances of the identified SPOs from the airport area are ranging between approximatively
km VNQ and28km (LIN.

At least one SPO with available long timeseries records ¢(2028) is availabléor most ofthe
selected airportsthe only exceptions ar¢he airports of Zurich (ZRHand Bucharest (OTPThe
number ofO; SPOs where trends are available is ranging betwarlblin(DUB) an@6 in Madrid
(MAD).More than 10 SPOs witlorlg timeseries records are available ¥ airports. Trend are
discussed more in details in Section 5.

Only the airport of Dublin (DUB) has at least @»SPO located inside the airport aréaveairports
have one SPO located in the vicinity of the airport (i.e. within 1 km from the airport polygums),
background SPO each in the airports of Dublin (DUB), Dusseldorf, (Batsid (MAD)and Rome
(FCO)onetraffic SPON the airport of Zurich (ZRH).

Considering the distanaaf 50 km analysed fdD; SPOdarger thanthe distances considered foNO,
andPM s, and thus larger number @; SPOs foundround airportsthe distribution of SPOs across
wind sectors and the associated cumulative wind frequesreygenerall larger Onlyfour airports
(ATH, OTP, DUB and M@veSPOs distributed acrofsree or lesswind sectors Six @ports (DUS,
LISMAD, LIN,ORY and V)lhave SPOs &l the eightwind sectors.The cumulative wind frequency
is above 50% ih6 airports. The cumulative wind frequency at the airports which have SR
or lesswind sectors is ranging between approximat28fo(DUB and47% QOTB.
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Figure3.5: Number of monitoringSPO®f O; within 5, 10, 20and 3 km around 23 European
airports and nearby cities with validated measurements for year 2023
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Table3.3: Number of SPOs within 50 km from the European airports. SPOs in the list are those with available d@aifo2023

Airport Country  SPO within SPO type Mean SPO within  SPO in SPO within 1 Wind sectors  Total wind
code 50 km (#) distance 50 km with  airport (#, km from airport with atleast  frequency
from airport  trend (#) type) (#, type) oneSPO (#)  covered by all
(km) SPOs (%)
Amsterdam (AMS) NL 17 10B;7T 27.2 6 6 68.1
Athens (ATH) EL 12 8B;21;2T 20.0 2 3 30.5
Barcelona (BCN) ES 13 13B 14.6 7 4 44.0
Berlin BER DE 15 14B;1T 21.0 10 6 71.6
Brussels (BRU) BE 13 11B;1,1T 20.6 10 6 62.2
Bucharest (OTP) RO 5 5B 11.7 3 47.3
Copenhagen (CPF DK 11 8B;3T 26.5 6 4 56.8
Dublin (DUB) IR 6 5B;1T 10.0 1B 1B 2 28.8
Dusseldorf (DUS) DE 19 15B;4l1 25.8 15 1B 8 97.7
Frankfurt (FRA) DE 15 14B;1T 21.5 13 6 76.6
Hamburg (HAM) DE 8B 21.8 7 6 65.4
Helsinki (HEL) Fl 4B 16.8 2 4 44.9
Lisbon (LIS) PT 15 14B;1l 16.9 13 8 95.1
Madrid (MAD) ES 37 25B;21;10T 19.0 26 1B 8 96.0
Milan (LIN) IT 26 23B;11;2T 28.0 17 8 86.1
Paris (CDG) FR 16 16B 22.6 13 6 61.4
Paris (ORY) FR 20 20B 23.6 16 8 99.3
Prague (PRG) Ccz 11 10B;1T 20.2 8 5 46.8
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Rome (FCO) IT 15 14B;1T 26.2 7 1B 5 58.0
Vienna (VIE) AT 24 24B 25.9 23 8 99.9
Vilnius (VNO) LT 2 1B;1T 6.6 2 34.2
Warsaw (WAW)  PL 9 9B 17.0 5 71.1
Zurich (ZRH) CH 12 8B;4T 16.8 1T 4 53.0
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4 Air quality in arport areas compared to the nearby cities and region

4.1 Analysis based ohourly measurements fromavailable SPOs

An analysis was conducted using hourly wind direction data from meteorological stations located
within the airports, along with hourly air pollutant concentrations measured at the available SPOs
surrounding each airport. The study assessed changes intgnillaoncentrations at these SPOs
during downwind conditions and compared them to concentrations recorded during other wind
directions.Hourly time series data fddQ,, PMzs, andO; concentrations in 2023 weranalysedor

each airport. The analysis wasrformed separately for each of the eight wind sectors around the
airports.

An example idlustrated inFigure4.1 for the airport ofMadrid airport (MAD) This airporhas three
SPOs located in the southern (S) wind sector relative to the airport. All three SPOs provide@yvalid
data, while only one had val®Vk s data. For these SPOs, the distribution of pollutant concentrations
was compared under three conditions: when the wind was blowing from the airport (green line),
when it was not (blue line), and across all wind directions (red lin€023, the wind blew from the
airport toward these SPOs 29% of the time, making it the predominant wind direction for that year.
During these downwind conditions, the frequency N, concentrations exceeding 20 pg/ms3
increased compared to other wind directio¥hen considang all SPOs in the saméng sectorup

to a distance of 10 kmhe medianNQ, concentration rose by approximately 80%, from 16 pg/m3
(non-airport wind directions) to 31 ug/m? (from the airporforPM: sin the same wind sector, only
one SPO provided data. A smaller increase was observed: the nielliggconcentration rose by
38%, from 8 pg/m3 (nowmirport wind directions) to 11 pg/m3 (from the airporiJhese differences in
pollutant concentration distributions suggest a potential impact of airport eiiss on air quality in
specific areas such as the southern sector of Madrid airport. However, it is important to note that
GKAA FylfeaAra R2Sa y2i LINPGARS | LINBOAAS SadAayYl
emissions from other regionabllution sources.

Figure4.1 Distribution of hourlyNG; (left) and PMz s (right) concentrations foISPQ@ three for NO;,
onefor PM;s) located in thesouthern ) wind sector relative to theairport of Madrid
(MADYP ¢ KNBES RAAGNROdziA2Yya | NB aK2gys F2N al ff
arLl2NIi ¢ FyR FT2al2 8L S P2EKFNEHYOSNI 2F K2dz2NI & O
records) for each distribution is indicated in the legend.

Madrid-MAD, Wind sector 4 (3 SPOs) Madrid-MAD, Wind sector 4 (1 SPOs)
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Table41LINBaSyida GKS OFraSa 6KSNB YSRAFY bhi 02y O0Syi
selected European airports increased by more than 10% when the wind was blowing from the airport
toward the monitoringSPOsAmong the 23 airportanalysed 18 exhibited at least one wind sector

with an increase above this threshold. The table summarizes these variations by wind sector, wind
frequency, distance range, and the difference in median concentrations between downwind and non
downwind conditionsFor each airport and wind sectovhere SPOseported data for 2023the

following parameters are reportedVind Frequency (%)he proportion of time during 2023 that the

wind blew from the specified sector toward the SpDistance Range (km) between the airport and

the SPOs, grouped into two rangesbkm and §10 km Number of SPOs (#)ith validNG, data in

the given sectarMedian Concentratiog(ug/m3) reported separately for conditions when the wind

gla o0f2gAy3a FNRY (GKS FANLERNI G266 NR GKS {tha 6a?
FTNRBY | Ahlrdatiia%)increase in medialNQ; concentrations under downwind conditions

compared to nordownwind conditions.

The difference in median concentrations varies substantially across airports and wind sectors, ranging
from 14% (Zurich, SE) to 143% (Lisbon, W). Seaiepalrts exhibit increases above 80%, notably

Lisbon (W 143%nd NW 100% Amsterdam N 113%, but alsoParis (CDG), Romkladrid and

Brussels¢ KS gAYyR FTNBIdsSyode Ay GKSasS OFraSa Ara yz2i
concentrations were also observed in wind sectors with relatively low wind frequency, such as those

in Lisbon, Paris (CDG), and Briisse® a SRAlY bhi O2yOSYyiUN}IGAz2ya 0620
png/m3 (Lisbon), were recorded in only niménd sectorsof seven airportasvhen the air was not

coming from the airport (Lisbon, Warsaw, Milan in two wind sectors, Frankfurt, Hamburg, Dublin in

two wind sectors, and Madrid). This number increased tav ®ctors of13 airportswhen the air

was coming from the airport, with concentrations reaching up to 48 pg/ms3 (Lisbte) airports of
Amsterdamandi  RNAR O2y aiadSyidft entrdiens undeSdovingihdicéhéitionsh i O2 y
across multiple sectorand at different distance rangg6¢5 km and §10 km)

Similarly,Table4.2 presensthe cases where medidPM. s concentrations at SPOs located witl2id

km of selected European airports increased by more than 10% when the wind was blowing from the
airport toward the monitoringSPOSOf the 23 airportanalysed 15 showed at least one wind sector

where PM,s concentrations increased by more than 10%he difference inPMxs median
concentrations varies substantially across airports and wind sectors, ranging ffénfaris ORY)

to 57% BrusselsW).Only fewairports exhibit increases abow®%, notablyBrussel{W and NW

from 50% to 57% Frankfurt (W 54%), Helsinki (W 51% and Prague (NVB0%. Median PM: s
concentrations abovd0 pug/ms, reaching up td5 pg/m3 (Buchares), were recorded in onlgeven

wind sectors o&ixairportswhen the air was not coming from the airpoBucharest, Warsaw ivo

wind sectors Athens, Dusseldorf, Paris (QRafd Berlin) This number increased tib wind sectors

of 11 airportswhen the air was coming from the airport, with concentrations reaching u@®iog/m3

(Bucharesk. The airports ofBerlin, BrusselsFrankfurt Helsinki, Madrid, Paris (CD@jhd Vienna
consistently shovincreased®M; sconcentrations under downwind conditions across multiple sectors

and at different distance rang€6¢5 km 5¢10 km and 1620 km).

Table4.3 present the cases where media@®; concentrations at SPOs located witt@ km of
selected European airports increased by more than 10% when the wind was blowing from the airport
toward the monitoringSPOsOf the 23 airportsaanalysed 17 airports exhibited at least one wind
sector with anQ; increase exceeding 10%he difference inOs median concentrations varies
substantially across airports and wind sectors, ranging fraétw fHamburg SW, Milan S ahidrid
SW to 95% Rome E). Only fewairports exhibit increases abow®%, notablyRome(E95%and NE
6499, Barcelona(NW 85% N from 60% to 72¥%and Milan(NW 51%) Median PM, s concentrations
above60 pg/ms, reaching up t@2 pg/ms3 (Atheng, were recorded in onlgight wind sectors obix
airportswhen the air was not coming from the airpoAtbens Barcelonan two wind sectorsRome
Prague Lisbon itwo wind sectors and Madrid This number increased #6 wind sectors of %
airports when the air was coming from the airport, with concentrations reaching ugStpig/m3
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(Atheng. Severahirportsconsistently shovincreasedd; concentrations under downwind conditions
across multiple sectosnd at different distance rangé€8¢5 km, 5¢10 km 10520 kmand 2@50 kn).

Thedetailedanalysis has been conducted for all airports and wind directions where measurement
data were available A summary for each airport and for each pollutant is presentetiainle4.4,
while the detailedresults are presented in Annex 1.
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Table4.1: Variation in medianNQ, concentrations at monitoringsampling points(SPOs) located
within 10 km of selected European airports, stratified by wind sector and distance from
the airport. The table includes only cases where the median concentration under
downwind conditions (wind from the airport toward the SPOs) was more thEd%o
higher than under nordownwind conditions. For each case, wind frequency, distance
range, number of SPOs, and the percentage difference in medians are reported.

Median Concentration

. ) Distance .
Airport Wind Wind Pollutant Range # SPOs Wind from Wind not forn lefer_ence
Sector Frequency . . medians
(km) airport airport
»I - A T T T

Amsterdam (AMS) N [ 16.3% NO2 0-5 1 26.60 12.50

Amsterdam (AMS) NwW [ | 86% NO2 0-5 1 21.30 10.80

Amsterdam (AMS) N & 16.3% NO2 5-10 1 18.00 9.20

Amsterdam (AMS) S [ 63% NO2 0-5 1 14.10 11.50

Barcelona (BCN) W | | 83% NO2 5-10 2 14.00 10.00

Berlin (BER) SW 9.7% NO2 5-10 1 8.96 7.31

Brussels (BRU) NW 51% NO2 5-10 3 18.00 10.00

Brussels (BRU) NE B 321% NO2 0-5 2 15.00 10.00

Brussels (BRU) w [ 75% NO2 5-10 2 21.50 15.50

Copenhagen (CPH) NW [ [135% NO2 5-10 1 23.43 18.43

Dublin (DUB) sw [ 60% NO2 5-10 1 35.14 20.63

Dublin (DUB) S || 46% NO2 5-10 4 31.18 20.44

Dublin (DUB) SE 9.1% NO2 5-10 2 19.67 16.87

Dusseldorf (DUS) Nw B [132% NO2 5-10 1 26.22 19.76

Dusseldorf (DUS)  SW 13.4% NO2 5-10 1 20.68 18.50

Frankfurt (FRA) w || 66% NO2 5-10 1 20.50 12.59

Frankfurt (FRA) N B 234% NO2 5-10 1 29.42 24.29

Hamburg (HAM) N [ 80% NO2 5-10 1 36.88 21.61

Lisbon (LIS) w || 61% NO2 5-10 1 24.80 10.20

Lisbon (LIS) Nwo | 1.9% NO2 5-10 1 19.80 9.90 100 %

Lisbon (LIS) sw [ 133% NO2 5-10 2 33.70 17.90 88/%

Lisbon (LIS) NW | 1.9% NO2 0-5 1 20.50 14.70 39 %

Lisbon (LIS) s | 167% NO2 5-10 1 47.90 41.70 15 %

Madrid (MAD) s B 294% NO2 0-5 2 37.00 20.00 85 %

Madrid (MAD) s B 294% NO2 5-10 1 33.00 18.00 83 %

Madrid (MAD) Nw B 92% NO2 5-10 1 20.00 14.00 43 %

Madrid (MAD) W || 47% NO2 5-10 1 20.00 15.00 33%

Madrid (MAD) SE 9.4% NO2 5-10 1 19.00 15.00 27 %

Milan (LIN) S 12.5% NO2 5-10 1 33.24 26.45 126 %

Milan (LIN) NE [ [133% NO2 5-10 1 28.27 22.70 25 %

Paris (CDG) w [ 47% NO2 5-10 1 24.25 12.65 92 %

Paris (CDG) s | 143% NO2 5-10 1 16.70 14.80 13 %

Paris (ORY) N [ 139% NO2 5-10 1 19.80 15.00 32 %

Rome (FCO) sw [ 187% NO2 0-5 1 17.79 9.35 90 %

Rome (FCO) s [ 122% NO2 0-5 1 23.73 19.24 23 %

Vilnius (VNO) N B 211% NO2 0-5 1 15.30 11.85 9%

Vilnius (VNO) Nw B [13.3% NO2 5-10 1 12.24 10.71 14 %

Warsaw (WAW) Nw B 103% NO2 5-10 1 22.40 13.80 62 %

Warsaw (WAW) w [ 96% NO2 5-10 1 17.85 13.30 4 %

Warsaw (WAW) NE [ [122% NO2 5-10 1 46.85 38.00 |23 %

Zurich (ZRH) SE I 162% NO2 5-10 1 19.16 11.41 68 %

Zurich (ZRH) s [ | 105% NO2 5-10 4 16.51 14.49 14 %
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Table4.2: Variation in medianPM; s concentrations at monitoringsampling points(SPOs) located
within 20 km of selected European airports, stratified by wind sector and distance from
the airport. The table includes only cases where the median concentration under
downwind conditions (wind from the airport toward the SPOs) was more than 10%
higher than undemon-downwind conditions. For each case, wind frequency, distance
range, number of SPOs, and the percentage difference in medians are reported.

Median Concentration

. . Distance .
Airport Wind Wind Pollutant Range # SPOs Wind from Wind not forn lefer_ence
Sector Frequency . . medians
(km) airport airport
»I - - T T T A - T
Amsterdam (AMS) W | | 89% PM25 10-20 1 9.69 6.81 42 %
Athens (ATH) NW 3.1% PM25 10-20 2 14.00 12.00 117 %
Berlin (BER) SW 9.7% PM25 5-10 1 9.11 7.09 9%
Berlin (BER) NW 10.1% PM2.5 10-20 8 11.87 9.54 24 %
Berlin (BER) N [ |101% PM25 10-20 1 11.75 10.10 116 %
Brussels (BRU) SW | 11.4% PM2.5 10-20 3 10.50 7.00 0 %
Brussels (BRU) W 75% PM25 10-20 1 10.85 7.10 53 %
Brussels (BRU) w || 75% PM25 510 2 12.85 8.20 57 %
Brussels (BRU) Nw || 51% PM25 5-10 1 8.93 7.05 27 %
Bucharest (OTP) NE [  164% PM25 5-10 1 19.37 15.49 5 %
Dusseldorf (DUS) SW [ 13.4% PM25 5-10 1 12.30 10.82 14 %
Frankfurt (FRA) SE || 50% PM25 10-20 2 7.60 6.55 116 %
Frankfurt (FRA) W 6.6 % PM25 10-20 1 9.86 6.39 54 %
Frankfurt (FRA) w || 66% PM25 510 1 8.73 6.39 37 %
Helsinki (HEL) S | 10.7% PM25 10-20 2 5.52 4.54 22 %
Helsinki (HEL) sw [ [1349% PM25 10-20 1 5.07 4.14 23 %
Helsinki (HEL) w [ | 88% PM25 10-20 1 4.35 2.87 51 %
Lisbon (LIS) w [ 61% PM25 10-20 1 8.90 6.90 29 %
Madrid (MAD) SE 9.4% PM25 5-10 1 9.00 8.00 13 %
Madrid (MAD) s [ 294% PM25 5-10 1 11.00 8.00 8 %
Madrid (MAD) W || 47% PM25 510 1 8.00 7.00 14 %
Paris (CDG) sw [ [13.0% PM25 10-20 2 11.70 8.30 41 %
Paris (CDG) w || 47% PM25 510 1 9.65 7.80 24 %
Paris (CDG) NW [ | 7.3% PM25 10-20 1 7.80 5.50 42 %
Paris (ORY) sw I 146% PM25 10-20 1 12.40 10.40 19 %
Paris (ORY) N [ /139% PM25 10-20 5 9.70 8.70 11 %
Prague (PRG) SE [ | 10.1% PM25 10-20 1 9.00 8.00 13 %
Prague (PRG) NW [ | 88% PM25 10-20 1 12.00 8.00 50 %
Vienna (VIE) W 49% PM25 10-20 1 9.73 7.39 2%
Vienna (VIE) NW 16.9% PM25 5-10 3 9.54 7.00 6 %
Vienna (VIE) NW | 16.9% PM25 10-20 5 10.27 7.63 35 %
Vienna (VIE) N [ |11.0% PM25 10-20 1 9.31 7.10 31%
Warsaw (WAW) Nw B 103% PM25 5-10 1 17.60 13.80 8 %
Warsaw (WAW) N | |109% PM25 10-20 1 13.50 12.10 12 %
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Table4.3: Variation in medianO; concentrations at monitoring ampling points(SPOs) located
within 50 km of selected European airports, stratified by wind sector and distance from
the airport. The table includes only cases where the median concentration under
downwind conditions (wind from the airport toward the SPOs) was more than 10%
higher than undemon-downwind conditions. For each case, wind frequency, distance
range, number of SPOs, and the percentage difference in medians are reported.

Median Concentration

) ) Distance .
Airport Wind Wind Pollutant Range # SPOs Wind from Wind not forn Dlﬁergnce
Sector Frequency . . medians
(km) airport airport
+ - - X - x - - x
Amsterdam (AMS) S || 6.3% 03 10-20 1 66.04 52.55 26 %
Amsterdam (AMS) SE | | 96% 03 10-20 1 57.20 47.42 21 %
Amsterdam (AMS)  SW 135% O3 20-50 6 62.20 50.46 23 %
Amsterdam (AMS) SE [ | 9.6% O3 20-50 3 62.09 50.58 23 %
Amsterdam (AMS) s || 63w 03 20-50 1 61.74 51.08 21 %
Athens (ATH) sw [ 2449% 03 5-10 1 89.50 72.00 24 %
Athens (ATH) w [ 85% 03 20-50 4 72.00 50.00 44 %
Barcelona (BCN) N 74% O3 0-5 1 83.00 52.00 60 %
Barcelona (BCN) W | 83% 03 5-10 2 73.00 62.00 1118 %
Barcelona(BCN) Nw || 73% 03 10-20 1 74.00 40.00 85/%
Barcelona (BCN) N 74% O3 10-20 3 84.00 69.00 22%
Barcelona (BCN) NE | 211w 03 10-20 1 59.00 49.00 20 %
Barcelona (BCN) N [| 74% o3 20-50 2 79.00 46.00 72 %
Barcelona (BCN) w [ | 83% 03 20-50 1 69.00 53.00 30%
Barcelona (BCN) NE | 211% O3 20-50 2 72.00 57.00 26 %
Berlin (BER) se [] 78w 03 5-10 1 62.56 52.66 119 %
Brussels (BRU) SW 11.4% O3 10-20 2 59.50 51.50 116 %
Brussels (BRU) s || 65% O3 20-50 1 61.00 53.00 15 %
Brussels (BRU) SE 7.7% O3 20-50 1 64.00 56.50 13 %
Bucharest (OTP) sSw [ 222w 03 5-10 1 42.66 36.34 117 %
Dusseldorf(DUS) SE || 67% 03 20-50 2 64.65 53.97 20 %
Frankfurt (FRA) NE [ 264% 03 5-10 1 53.34 46.85 14 %
Frankfurt (FRA) SE || 50%w O3 10-20 1 56.64 50.03 13 %
Frankfurt (FRA) E || 79% 03 20-50 2 60.15 51.30 117 %
Hamburg (HAM) E [ 177% o3 5-10 1 60.94 48.31 6 %
Hamburg (HAM) SE 14.4% O3 10-20 1 63.21 53.70 118 %
Hamburg (HAM) SE [ 144% O3 20-50 1 64.26 56.64 (13 %
Hamburg (HAM) sw [ 1 109% 03 20-50 1 62.02 56.03 11 %
Lisbon (LIS) SE [ 347% O3 0-5 1 65.00 55.00 118 %
Lisbon (LIS) SE [ 347% O3 10-20 1 71.00 62.00 115 %
Lisbon (LIS) SE 34.7% O3 20-50 2 70.00 60.00 17 %
Madrid (MAD) sw [ | 78% 03 0-5 1 70.00 61.00 115 %
Madrid (MAD) sw [ | 78% 03 5-10 1 65.00 56.00 116 %
Madrid (MAD) E 9.0% O3 10-20 1 71.00 55.00 29 %
Madrid (MAD) sw [ | 78% 03 10-20 5 63.00 56.00 113 %
Madrid (MAD) E 9.0% 03 20-50 1 67.50 50.00 35 %
Madrid (MAD) NE [ 176% O3 20-50 1 69.00 59.00 17 %
Madrid (MAD) sw [ 78% 03 20-50 7 63.00 57.00 11 %
Milan (LIN) N [ 121% 03 0-5 1 62.36 48.30 29 %
Milan (LIN) w [ 161% 03 5-10 1 60.75 54.93 11 %
Milan (LIN) NW [ (121% 03 10-20 1 65.68 44.76 47 %
Milan (LIN) N | [114% O3 10-20 2 53.88 41.66 29 %
Milan (LIN) NW 1121% 03 20-50 3 66.13 43.75 51 %
Milan (LIN) N [ |114% O3 20-50 5 67.32 55.86 21 %
Paris (ORY) w [ 56% 03 20-50 1 68.85 58.70 17 %
Prague (PRG) E | |129% 03 5-10 1 62.80 56.30 12 %
Prague (PRG) E | |129% 03 10-20 3 57.70 50.50 114 %
Prague (PRG) sw [| 59% 03 20-50 1 79.00 63.40 25 %
Rome (FCO) N [ | 90% O3 5-10 1 79.59 67.37 18 %
Rome (FCO) NE | |115% 03 10-20 2 67.03 47.24 42 %
Rome (FCO) E 55% O3 20-50 2 79.99 40.94 95 %
Rome (FCO) NE [ |115% 03 20-50 4 64.14 39.14 64 %
Warsaw (WAW) E | 265% O3 10-20 1 49.42 43.40 14 %
Zurich (ZRH) E [ 143w o3 10-20 1 61.07 48.76 5 %
Zurich (ZRH) E 143% 03 20-50 1 66.71 58.69 114 %
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Table4.4: Summary for alkirports with main percentage changes in medid®,, PMx s and Os; concentrations for measurements when air is blowing

from the airport

Airport NG PMs (@} Maps and
figures
Amsterdam (AMS) Data available id wind sectors. Data available id wind sectors. Data available i wind sectors. Annex 1.1
Increasadetectedin 3 sectors from  Increasedetectedin 2 sectoss,from  Increasadetectedin 3 sectors, from
23% © to 113% (N). 3% (N) to 42% W). 21% BB t026% O.
Athens (ATH) Data available id wind sector{SW). Data available i2 wind sectors. Data available i8 wind sectors. Annex 1.2
No increase detected. Increasedetectedin 2 sectors, 7% Increasedetectedin 3 sectors, from
(W) to 17% (NW). 6% (W) to 44% W).
Barcelona (BCN) Data available i8 wind sectors. Data not available. Data available i® wind sectors. Annex 1.3
Increasadetectedin 1 sector, 40% Increasedetectedin 5 sectors, from
(W). 18% W) to 85% (NW).
Berlin BER Data available i2 wind sectors. Data available i® wind sectors. Data available i wind sectors. Annex 1.4
Increasadetectedin 1 sector, 23% Increasadetectedin 3 sectors,from Increasedetectedin 2 sectois, 5%
(SW). 16% (N) to 29% QN). (W) and19% GB.
Brussels (BRU) Data available i8 wind sectors. Data available ib wind sectors. Data available i wind sectors. Annex 1.5
Increasedetectedin 3 sectors from Increasedetectedin 3 sectoss, from  Increasadetectedin 4 sectors, from
39% (W) to 8% (NW). 27% (NW) to 57% W). 6% W) to 16% SW).
Bucharest (OTP) Data available id wind sectordSW) Data available i® wind sectors. Data available i8 wind sectors. Annex 1.6
No increase detected. Increasedetectedin 1 sector, 25%  Increasedetectedin 2 sectois,5%
(NB. and17% NVWW).
Copenhagen (CPH) Data available id wind sector(NW) Data available id wind sector(NW) Data available id wind sectors. Annex 1.7
with 27%increasedetected with 8%lncreasedetected Increasadetectedin 2 sectors, 4%
(NW) and 8% E.
Dublin (DUB) Data available id wind sectors. Data available i® wind sectors. Data available i2 wind sectors. No Annex 1.8

Increasadetectedin 3 sectors from
17% E&F) to 70% SW).

Increasadetectedin 1 sector, 25%

(NB.

increase detected.
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Dusseldorf (DUS) Data available id wind sectors. Data available ib wind sectors. Data available i8 wind sectors. Annex 1.9
Increasadetectedin 2 sectors from  Increasedetectedin 3 sectoss,from  Increasadetectedin 4 sectors, from
12% GN) to 33% (NW). 8% S and\W) to 14% (SW) 6% (B to 20% ().

Frankfurt (FRA) Data available i2 wind sectors. Data available id wind sectors. Data available i wind sectors. Annex 1.10
Increasadetectedin 2 sectors 21% Increasadetectedin 2 sectors, 16%  Increasedetectedin 3 sectois, from
(N) to 63% ). () and 54% (W) 8% SBto 17% (E)

Hamburg (HAM) Data available id wind sectors. Data available i2 wind sectors. No Data available i8 wind sectors. Annex 1.11
Increasedetectedin 1 sector, 71% increase detected. Increasedetectedin 3 sectors, from
(N). 11% SW) to 26% E)

Helsinki (HEL) Data available id wind sector(SE)  Data available id wind sectors. Data available id wind sectors. Annex 1.12
No increase detected. Increasedetectedin 3 sectors,from  Increasedetectedin 1 sector, 8%(E)

22% © and 51% (W)

Lisbon (LIS) Data available i® wind sectors. Data available i8 wind sectorqW) Data available i8 wind sectors. Annex 1.13
Increasadetectedin 4 sectois from with 29%increasedetected Increasedetectedin 4 sectors, from
15% O to 143% (W) 5% S and Wto 15% (%).

Madrid (MAD) Data available i® wind sectors. Data available i@ wind sectors. Data available i8 wind sectors. Annex 1.14
Increasedetectedin 4 sectoris from Increaseadetectedin 3 sectoss, from  Increasadetectedin 3 sectors, from
27% SBto 85% (S) 13% SBto 38% O. 8% (\B to 35% €.

Milan (LIN) Data available id wind sectors. Data not available. Data available i8 wind sectors. Annex 1.15
Increasedetectedin 2 sectors, 2%%6 Increasedetectedin 3 sectors, from
(NB and 26% (S) 11% W) to 51% (NW).

Paris (CDG) Data available i2 wind sectors. Data available i wind sectors. Data available i@ wind sectors. Annex 1.16
Increasadetectedin 2 sectors, 13% Increasedetectedin 3 sectors, from  Increasedetectedin 2 sectors, 7% S
(9 and 92% (W) 24% W) to 42% (NW). and SW.

Paris (ORY) Data available i2 wind sectors. Data available i2 wind sectors. Data available i8 wind sectors. Annex 1.17

Increasedetectedin 2 sectors, £6 €
and 32% (N)

Increasadetectedin 2 sectors, 6%
(N) and19% QW).

Increasedetectedin 3 sectors, from
7% SWto 17% (W)
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Prague (PRG) Data available i1 wind sectorqE) Data available i8 wind sectors. Data available i® wind sectors. Annex 1.18
No increase detected. Increasedetectedin 2 sectors,13%  Increasedetectedin 3 sectors, from
(SBand 50% (NW) 8% GBto 25% (SW)
Rome (FCO) Data available i8 wind sectors. Data not available. Data available i® wind sectors. Annex 1.19
Increasadetectedin 2 sectors, 236 Increasedetectedin 4 sectoirs, from
(9 and 90% (SW) 2% (NW) to 95% (E)
Vienna (VIE) Data available i1 wind sectorqNW) Data available i3 wind sectors. Data available i® wind sectors. Annex 1.20
No increase detected. Increasedetectedin 3 sectors,from  Increasedetectedin 3 sectors, from
31% (N) to 36% (NW) 3% Eand NW to 10% (S)
Vilnius (VNO) Data available i2 wind sectors. Data not available. Data available i2 wind sectors. No Annex 1.21
Increasedetectedin 2 sectors, 146 increase detected.
(NW) and 29% (N)
Warsaw (WAW) Data available id wind sectors. Data available i wind sectors. Data available i® wind sectors. Annex 1.22
Increasadetectedin 3 sectors, from  Increaseadetectedin 2 sectois,12% Increasedetectedin 2 sectois, 10%
23% (NB to 62% (NW) (N) and 28% (NW) (9 and 14% (E)
Zurich (ZRH) Data available i2 wind sectors. Data not available. Data available id wind sectors. Annex 1.23

Increasadetectedin 2 sectors, 1446
(9 and 68% (SE)

Increasedetectedin 2 sectors, 3%

(SN) to 25% (E)
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4.2 Analysis based on the EEA air quality maps

Most ofthe airports analysed do not have air quality SPOs ingideimport areas. Furthermore, most

of the SPQ@ in the nearby cities are too sparse and often not located downwind dditperts. Thus,

it was difficult to derive strong conclusions from the previous analysis based uniquely on
measurements. The analysis of the EEA air quality ritépsiek et al, 208) may represent better

the differences betweeiNG,, PM, s and Os concentrations irairports compared to the nearby cities
and regional backgund levels. Th&EA air qualitynaps are created as a data fusion between a
chemistry transportmodel simulation, thusonsideringhe impact of meteorology for a specific year,
measurementgeported by theEEA members and cooperating countréasl other ancillary data
such as land cover. The maps are used to downscale the model results, which have a rather coarse
resolution, to a finer resolution of 1 km by 1km, and better geographical distribution of pollutants
concentrations.

The EEA air quality maps give also the possibility to show a comparison between the mean
concentrations irairports and areaveighted mean concentrations for different land covers (i.e. the
sum of the concentrations multiplied by the area fraction covered by a specific land cover class,
divided by the total area of that land cover). The land cover classes witialsad as ancillary data

to create the maps are listed ifable2.2, and are also based on the CORINE CLC 2018 dataset used
in this study to identify thairport areas (CLC code4)2Theairport areas in the EEA air quality maps

are included in a new class, traffic (TRAF), which includes the codd242®ad and rail networks

and associated land, ports and airpor@®neexample of more detailed comparisoispresentedin
Figure4.2 for the airport where the largesNG, concentrationswere identifiedin airport areas and
above the LYz for NG, (20 pg/ms3) annual mean concentrationset by the revisedlirective (EU,
2024)to be attained by 2030TheNQ, annual mean corentration over the airport of Milan (LINg
24.7ug/m3 compared to an annual mean ©6.8ug/m3in the surrounding regigrbut slightly larger

than area weighted mean concentrations ovieaffic (TRAF), lowlensity residential (LDR) and
industrial (IND) areasower than area weighted meaiconcentrationsover highdensty residential

areas (HDR)The maps ofannual meanNQ;, PMs and Os; peak concentrationsalong with
comparisons between the mean concentrations over aitpareas and mean areaweight
concentrationsacrosdifferent land cover classese provided for each airport in Annex 1

Figure4.2: EEA air quality map dlO, concentrations inMilan (LIN) airportand boxplot
distribution of the concentrations over the port (grey shaded grid cells), compared to
the surrounding region and areweighted means for different land cover classegaple
2.2)

i

i — Airport area
= Milan (LIN)
N no, (ugim)
!

PP

¢
; ] /B * High density residential ® Traffic !

i~ ' F Low density residential * Agricultural areas *!7
R s L * Industry * Natural areas 1

< = T T
] ?g Airport (# gridcells:17) Surrounding region (# gridcells:3640)

ETOHE Report 2027 42



The differences between annual mean concentratiooger airport areas compared to the
surrounding regionsre presented irFigure4.3 for NQ,, Figure4.4 for PMes and Figure4.5 for Oz
peak seasonThe Airport» concentrations are calculated as the mean concentrations of all the grid
cells, in the 1 km x 1 km air quality map, which are intersecting or within 1 km fromirgat area
polygons. The «Noairport» concentrations are calculated as the mean concentrations over all other
grid cells around the port over a region within 0.5 degrees latit(aggroximatively 50 km¥ 0.5
degrees longitude (approximatively 45 km at 35l and 28 km at 60\).

NG concentrationsin GAirp2 NIi ¢ | NB I & ¢ S NBn afLB2NNHIS NI NBkIAY2 Vi KS S OS¢
airports analysedFigure4.3a), except in Roméifference below Jug/mq). The differences in annual
mean NQ, concentrations ranges from.3 pg/m® (Athens ATH)to 134 pg/m?® (Lisbon LIS. The
differences were above 10 pgfm two airports, Lisbon(LIS and Madrid (MAD)The annual mean
NG, concentrations were above 20 pgfnithe L\kozo for the protection of human health set in the
reviseddirective(BJ,2024), to be attained by 1/1/2030) inne airport Milan (LINWwith 24.7 ug/md.

Other airports which are very close to thidsozowere 20.0 pg/m? in Lisbon (LIS)nd 18.2 pg/m?in
Madrid (MAD) When compared to mean areaeighted concentrations ovedifferent land cover
classegFigure4.3b), only the airport of Lisbon (LIShowed higher concentrations thdrigh-density
residential (HDRjrea Nine airports Milan (LIN) Lisbon(LIS)Madrid (MAD), Dusseldorf (DUS), Paris
(ORY)Warsaw (WAW)Hamburg (HAMand Frankfurt (FRAShowed ligher NG concentrations
compared toboth industry (IND) and traffic (TRAF) land cover classes

PMesO2 y OSy (i NArp2ANEIyEa FANB @ ¢ S NB aiflL B2 NHISE NJ NBKIFAy2o\6l K S £ 682eS,
the airports analysed(Figure4.4a). Compared toNG,, the PM; s differences were smaller, ranging
from 01 pg/m?® (Berlin, BERto 2.9 ug/m* (Warsaw WAW). Onlyfive aiports stand out from the
others with differencesarger than 2ug/m?3, Bucharest (OTP), Lisbon (LIS), Milan (LIN), Madrid (MAD)
and Warsaw (WAW)The annual meaRM. s concentrations were abover equal to10 ug/n? (the

L\boso for the protection of human health set in the revisdiective (BJ, 2024 to be attained by
1/1/2030) insix airports, 19.3 ug/m?® in Milan (LIN)16.9 ug/m? in Bucharest (OTP}5.8 ug/m? in
Warsaw (WAW)13.8 ug/m? in Athens (ATH)10.8ug/m? in Barcelona (BCN)P® pg/m?® in Rome
(FCQ, Otherairports which are very cloge this L \s30 (between 9.51g/m3and 10ug/m?®) are Madrid
(MAD),Prague (PRG), Paris (ORN] Viena (VIE)Figure4.4b showed that & airports have PM: s
concentrations larger thaar equal tomeanareaweighted concentrationsver HDR land cover class
Lisbon (LIS), Milan (LIN), Frankfurt (FRA), Madrid (MAD), Dusseldorfati@dUS)rich (ZRHPM. 5
concentrations in 13 airports were above threean areaweighted concentrationgor both IND and
TRAF land cover classes

OspeakseasorO 2 Yy OS y (i Nairge NZi ¢ & I NggkederabimflaN®i K S @irbJ2 NIi ¢ NBIA 2y |
levels(Figure4.5a). Thedifferenceswere ranging from -3.8 ug/m?® (Dublin DUB to 4.3 ug/m? (Rome

FCQ. The annual mea@; peakconcentrations werganging between 72.juig/m*and 113.2ug/m?

in airport areas, compared t@gional levels ranging between#6.9ug/m3and 1116 pg/m?3. Os peak

annual mean concentrations are algery similar between different land cover classegre4.5).

TheOs; peak season concentrations in airports and regional lewelsll abovehe new longterm Air

vdzl f AG@ DdzA RSt A (66 to 60 pg/mWHO, 2625 The THhRo 1dd the iprotection of

human health sefor Os; in the reviseddirective (EU, 2024)o be attained by 1/1/2030is the

maximum daily &our mean of 12Qug/m?® not to be exceeded on more than 18 days per calendar

year averaged over 3 years.
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Figure4.3: Annual meanNO, concentrations inairport areasé & a Sy lakdNSdrdduNding 0
regions @ a S I of in &irporté). The dashed red line represesithe L\sozofor NO;
annual mean concentrations set by the reviséiective (BJ, 2024).
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Figure4.4: Annual meanPM, s concentrations inairport areasé & a S y  laAdNirdauNding 0
regions @Mean Not in airport€). The dashed red line represesithe L\bosofor PM, 5
annual mean concentrations set by the reviséitective (BJ 2024).
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Figure4.5: Annual meanOs peakseasonconcentrations inairport areasé @ a Sy laddNLJ2 NIi € 0
surrounding regionsd a S | of in &irporté). The dashedlackline represents theVHO
guidelinefor O; peak seasortoncentrations WHO2021)
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5 Differences between air pollution trends iairport areas and nearby cities

Longterm trends(20052021)of air pollutants at European and national level have been studied in
Gbangou and Colette (20pBy analysing the observations through linear statisfid$s datasetwas
extended to cover the periodntil yea 2023.These trends have been investigated to highlight the
differences of the evolution dlQ,, PM: sand O; concentrations inthe vicinity of aiport areas and
surrounding regions

The number of SPQgith available long timeseries records (200623)were summarized iffable

3.1for NG, Table3.2 for PMysand Table3.3 for Os. Fromoneto sixSP@with longterm trend within

a 10 km radius of the airportaveA RSy G A TA SR T 2 RarMMVasj fronh ofietovseyenSPGNLIZ NI & &
with long-term trend within a 20 km radius from the airpowere identified at 18 airports ForG;,

from 1to 25 SP@with longterm trend within a 50 km radius from the airporteve identified in 21

airports.

Table5.1: Number of SPOs, associated airports, and percentage f@mmmn trends forNG, by
station type (Background and Traffic) within two distance ranges from airportsS&m

and 510 km).
0¢5km 5¢10 km
SPO type #SPOs #Airports  Trend (%) #SPOs #Airports  Trend (%)
Background 22 12 -44.3 20 14 -45.3
Traffic 10 6 -45.7 24 13 -53.8

As shown inTable5.1, considering alNG, background SPOs with lotgrm trends for all the 23

airports, significant differencesere not foundbetween SPOs near the airports (within 5 kiom

the airport areg and more distant SPOBdm 5 to 10 kn), with mean decreasbetween 2005 and
2023around-45%. This analysis is based on about 22 background SPOs within 5 km (in 12 different
airports), 20backgrounl SPOs between 5 and 10 km (in 14 different airpoktehgterm trends at

traffic SPOs located near airports are comparable to those observed at backg®rROg

I LILINE E A46%, altidugh bdsed on a smaller number of SPOs. In contrast, 8&@s situated
FENIKSNI FNRY |ANLIERNI&A SEKAOAG | BdSrialBBOSIWSS | Yy  NB |
not considered as only few were identified in the considered distance rahgesn0-5 km andwo

in the 5- 10 km).

Table5.2: Number of SPOs, associated airports, and percentage ‘@mm trends for PM, s by
station type (Background and Traffic) withitmree distance ranges from airports (&
km, 5¢10 kmand 1G;20 km).

0¢5km 5¢10 km 10¢ 20 km
SPO type #SPOs #Airports Trend #SPOs #Airports Trend #SPOs #Airports Trend
(%) (%) (%)
Background 10 8 -54.6 6 5 -34.5 31 13 -49.9
Traffic 3 3 -44.0 6 4 -35.7 13 9 -47.5

Longterm trends in PMys concentrations near airports show substantial reductions across all
distance ranges and station types, though the robustness of these estimates varies with sample size
(Table5.2). Within 05 km, backgroun@&PO®xhibit the largest decliné t p n lgas€d on 10 SPOs
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acrosseight airports, while trafficSPOshow a smaller reductiod b n n f@om pnly three SPOs at

three airports, indicating higher uncertainty for traffic sites close to airports.cA0%m, both station

types displaylower decreaseso b on ®p2  F2 NJ o0 O 3N tof éhallending pod 1272 F 2 |
interpret due tolimited coverage (6 SPOs each). The most extensive datasetlix;#r km, where

31 background SPOs and 13 traffic SPOs confirm continued redudtibna p®da’> YR b nTc
respectively) lendinggreater confidence to these estimates. Overall, while the downward trends are
consistent and substantial, interpretations for categories with few $SH@sticularly near airports

should be made cautiously, whereas patterns supported by larger samples aseaoboist.

Table5.3: Number of SPOs, associated airports, and percentage ‘@mm trends forOs
backgroundSPOsvithin three distance ranges from airports (® km, 5¢20 kmand 2Q;

50 km).
0¢5km 5¢20 km 20¢ 50 km
SPO type #SPOs #Airports Trend #SPOs #Airports Trend #SPOs #Airports Trend
(%) (%) (%)
Background 15 10 23.8.6 67 20 22.7 102 18 15.2

Analysis of longerm trends inOs; concentrations indicates a consistent increase across all distance

ranges from airport¢Table5.3). Only few traffic SPOs were identified 03, thus not included in the

table. BackgroundsPOgocated within @5 km of airports exhibit a meancreasingrend of 23.8%,

while those in the §20 km range show a slightigwer increase 0£2.7%. At greater distances (20

50 km), the mean trend remains positive but is comparatively lowe5#%. The number of SPOs

and airportsis much higher in the intermediate and outer ranges, which may improve statistical
confidenceTKSaS NB&adzZ & &ddzaA3Sad GKFG hi O2yOSYGNX GAzY
similarrelative increas@earthe airports (0¢ 5 km) ancat intermediate distances¢ 20 km)
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6 Ultra fine particlesaround European airports

Ultrafine Particles (UFP) are defined as airborne particles with a diameter less than or equal to 100
nm, where UFP are measured as the particle number concentraiRii€per cubic centimetre for

a size range with a lower limit of 10 nm and for a size range with no restriction on the upper limit (EU,
2024). WHO defines UFP as a tétBlCwith a lower size limit of 10 nm or lower, and an open upper
end (WHO, 2021

UFP are formed in almost any kind of combustion process and are emitted @itbetly asparticles

or are formed through nucleation and condensation in the plume of ¢henbustionprocesses.
Furthermore, UFP are formed in the atmosphere from gaseous precursors (biogenic and
anthropogenic) as a result of photochemical processes. Particularly high concentrations of UFP occur
at traffic-polluted sites and in the vicinity of airportsytoare also caused by power plants, domestic
furnaces and small and mediusized combustion plants. Thus, characteristidf6As a high spatial
temporal variation and consequently different, selectively exposure levelsribatbe characterised

and defined. Ultrafine particles are currently mostly measured and described by the total number of
particles (or particle number concentration, PN@hd particle numbersize distribution(PNSD)
(Hellack et al., 2022Box 6.1 presents a short summarfijongoing researcbn health outcomes from
exposure toJFP.

Box 6.1UFP and Health

Compared to larger particles, UFP can penetrate deeper into the lungs, the brain (via the olfz
nerve) and presumably even directly into the blood circulation system via the inhalation up
pathway. This results in a possible distribution and depwsitof UFP in various organs
Consequently, current research indicates that the health impacts of ultrafine particles (UFH
distinct from those associated with fine particulate matter (lBMr PMs). This hypothesis is
particularly supported by toxidogical studies. While the number of epidemiological loeign
studies has increased in recent years, many still lack sufficient adjustment for confour
variables (Hellack et al., 2022).

The evidence suggests adverse sHertn associations with inflammatory and cardiovascul
changes, which may be at least partly independent of other pollutants. For the other studied h
outcomes, the evidence on independent health effects of UFP m@riaconclusive or insufficient
(Ohlwein et al., 2019)n the last years, there has been a substantial increase in the numbe
epidemiological studies examining leterm exposure to UFP and health outcomes. These stuc
cover diverse outcomes, thougkvidence remains sparse for most specific diseases. Pos
associations have been identified for cardiovascular outcomes (e.g., stroke, hyperten
metabolic outcomes (e.g., diabetes, diabetes biomarkers), and inflammatory markers

cancers). Howeer, associations with respiratory (e.g., asthma, lung cancer mortality), neurolo
(e.g., cognitive development), and pregnancy outcomes (e.g., low birth weight) remain uncleg
warrant further research(preliminary findings from &®ilot study, curently in progress, with

publication forthcomingThoelke 2024)

In the latest global air quality guidelines of 2021, the World Health Organization (WHO) con
UFP to be a parameter of particular interest, even if the data situation does not support
development of a air qualityguidelinelevel yet. WHO considers 2dour-means ofPNCbelow
1 000 particlescm? asa f 2 6 O2 y O 84hiuNmheansd HNICEbove10 000particlesiem?
and Ehour mean of PN@bove20000 particlescm*asd KA 3K 02y OSy (i NI A
EuropeanCommission has introduced a measurement requirement for UFP in the revised Dirg
(EU, 2024)This will improve the data situation and allow the characterization of UFP exposure
to verify the effects of UFP in epidemiological studies (Hellack et al., 2022).
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6.1 Sourcesand distributionof UFP
In this sectiorit is shownan overviewof UFP air concentraticgon the current state of air quality in
European airports and nearby cities. This inchideeview of most relevant studies to show how
emissions fom airport activities (e.gaviation and traffig can contribute to UFP at the selected
airport cities. The temporal variability of PNSD and UFP concentraiBhC)is complex due to
dynamic processes such as meteorology, emissions and atmospheric processes such as new patrticle
formation (NPF)nucleation, evaporation, condensation, coagulation and depos{Bmusiotis et al.,
2021; Yao et al., 2018).

UFP may have a high spatial and temporal variability in urban areas, as shown by mobile and
stationary measurements (Trechera et al., 2023; von Schneidemesser et al., 2019). The major factors
influencing UFP concentrations include time of day, wind divectvind speedseasontemperature,

solar radiation (von BismardBsten et al., 2013) and the mixing layer height (Emeis et al., 2008). The
diurnal trend of UFP from traffic was described to be higher on weekdays with maximum
concentration of nucleation wde particles (NUG:-25nm), in the morning rush hour (Wehner et al.,
2005). As evidenced from the evaluation of concurrent background and roadside measurements in
Germany, NPF can contribute up to 30% of the N&I@tive to other sources including residential
heating and car traffic (Ma and Birmili, 2015). Particles originating from secondary NPF contain
relevant amounts of sulphate, amines and various organic compounds (Kerminen et al., 2018).
Airborne measuremets suggest that plumes from industrialapts contribute to 1040% of
background UFP in Germany (Junkermann et al., 2@%6ix European countriegltaly, Ireland,
France, Finland, Great Britain, and Germangbile threedimensional distributions of power plant
emissions at altitudes between 200 and 300afmove ground levefound very high PNGibove
100000 cm?®at 10 km distancehut no source allocation of its share was performed (Junkermann and
Hacker, 2018)Several studies discuss the source apportionment of UFP (@daacias et al., 2024;
Hopke et al., 2022; Trechera et al., 2023; Vordsmarty et al., 2824yiew includingixstudies from
Europe indicated different sources, mainly traffic. Other sourceadedecondary inorganic aerosol

(SIA) between10 and 40%found inHopke et al(2022).In Budapest, among six identified source
types, road vehicles accounted for the lasgshare (60%, including solid and vapor phases), followed

by nucleation processes (24%) and diffuse urban sources, while secondary inorganic aerosols (SIA)
contributed less than 10% (Vorosmarty et al., 2024).

From the B project RIURBANS recent study of 18 European sites identified ten different sources
and factors in urban Europe to PNSiDcleation (trafficnucleation and photo nucleation), domestic
heating, urban and regional background among others. The main contributors were (5&f#ic-
95% and photonucleationmostly byNPFE was relevant (41%). NPF was attributed shipping,
plumes from combustion plantand regional nucleation. A Statistically significant decreasing trend
for the total traffic-related UFPwas foundwith 2-5 % yr* for traffic and urban bckground(Garcia
Marlés et al., 2024).

Aircraft emit a large fraction of the UFP in the size of NUC particles (Brock et al., 2000). These NUC
particlesoriginated mainly fromvolatile organic compoundd/OQ emissions (Rivas et al., 2020). In

the UFP mass fraction, jet engine lubricants were found (Ungeheuer et al., 20pbyts have been
identified as a source of elevated UFP, especially ih@&0 nmrange, both in measurements and
models (Lorentz et al., 2019; Stacey, 20T@keoff emissions were found to be generally coarser

(20 nm) han taxiing (12 nm) (GareMarles et al. 2025)Atmospheric observations downwind from
airports typically show elevated UFP especially inlik80 nmrangeat about 5¢ 10 km changing to
slightly higher particle diameter in Aitken Mode (A®0 nm)at more than20 km distanc®bserved

from tower measurementsprobablydue to particle growth over some hours (Harrison et al., 2019;
Keuken et al., 2015). Numerous observations report an enhancement of UFP in downwind air: Los
Angeles (USA);#Id at 10 km (lddda et al., 2014); Amsterdam (NetherlandsjoRl at 7 km (Keuken

et al., 2015); Boston (USA), 1.6 tdo®d at 5 km (Hudda et al., 2018); Zurich (Switzerland), using a
dispersion model, 2 to bld at 3 km (Zhang et al., 2020); London (UK¥oldat 1.2 km (Masiol et
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al., 2017). Other studies used positive matrix factorisation and cluster analysis to determine airport
contributions to UFP (Hopke et al., 2022; Masiol et al., 2GBfciaMarles et al.2025).

Data on atmospheric UFP have been collected over time periods long enough to detect trenes. Long
term observations in North America suggest an increase in UFP over time (Chen et al., 2022). In
Europe, however, a decrease was found (Sun et al., 2020; Teeehal., 2023). This decrease was
associated with efforts on air quality contrdipweverthe studies did not dive deeper into the
influence of emissionBom aviation

6.2 Review of recent European studiesgarding UFRt airports
In thissection aroverview of UFP measurements found in recent scientific publications and research
projectsis presented A number of airports in Europe are listed in Table 6.1, for which it was possible
to find measured values &NCslIn the table the aports are sorted in alphabetical order, if more
than one PNC value is available for the same airport (Copenhagen, Frankfurt and Paris), these are
sorted by ascending distance of the sampling point from the airport.

Large values of PNC were measuja¢erages over different time periodgable6.1) inside or in the

very near proximity of the airports (i.e. distance below 1 kigr example, irthe airport of
Copenhagen (CPldhnual mean PNC @7 000particles/cn® wasmeasured High PNC values were
measured also in the airport of Paris (CDG), 23 000 and 17 900 partidestuinZurich (ZRH),

24 000 particles/crh High values were also measured at larger distances from the airport of Brussels
(BRU), 18 000 particles/énat 2 km distance, and Vienna (VIE), 15 000 particlesamn®.5 km
distance. Lower PNC values, below 10 000 particlel/emre measured at distances larger than 3
km, ranging from 5 100 particles/émeasured at 3 km from the airport of BerliBER and 9 200
particles/cn¥measured at 6 km from the airport of Frankfurt (FRA).

However, it is not possible to directly compare tineasured PNC values from different airports as
long as these measurements are taken at different particle size ranges. Among the studies listed in
Table 6.1, the lower limit of the size range is varying from 4 nm to 10 nm, while the upper limit is
varyingfrom 100 nm to 1 000 nmOnly measurements with same lowsize range limitand
preferable similar uppesize rangdimit are comparable. The lower thgize rangdimit is, the higher
number concentratios are expectedSome caution should also be used when interpreting the
impact of distance from airports on the UFP concentration levels, as these depends also by the
location of the monitoring sampling point, in the main wind direction (md) or in a side wind direction
(d). More details are providedbelow for some of the airports in Table 6.5ome of the
measurementdisted in Table 6.1vere also used to validatederive or improve modelsor UFP
exposure Model results are wful tools in combination witlmeasurements t@stimate exposureat
different locations around the airportand to assess the possible contributimnthe overall UFP
concentrationsin the regionfrom the airport activities Some examples of modelling studies are
provided in Box 6.2.
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Table6.1: Measurements olUFP(particle number concentrations, PN@gar selected airports in Europ&he size rangef the PNC measurements is
indicated together with distarwesin km and location iy the main wind direction, na; on side wind direction, sylof the sampling points from
the airports.

Averaging period Size range Distancein  Wind

Airport PNC in 1/cm3 . o References
in nm km direction

6 months average .
Amsterdam (AMS) 10 000¢ 38 000 (20172018) 7 - 0.4¢5.1 - Vogt etal., 2019Dinther et al, 2019
Amsterdam (AMS) 11 700c 16 300 (Zzgnzoln)ths average ;. 1.3¢5.1 ; Tromp et al, 2021
Amsterdam (AMS) 9 070 2 years average 10¢1000 8 sd Hofman, 2016
Berlin(BER) 5100 Annual average 10-800 3 sd Winkler et al., 2025

2 months average Lefebvre et al., 201%arciaMarles et al.,

- <

Brussel¢BRU) 18 000 (2021) 10-294 1 km md 2025
CopenhagerfCPH) 27 000 ggzn;al average 7¢ 100 0-1 md Ellermann et al., 2024

A I
CopenhagerfCPH) 11000- 19000 Zggga average  7:100  0-1 ; Ellermann et al., 2024
CopenhagefCPH) 5 000- 8 000 :‘ggga' average  7c100 3 ; Ellermann et al., 2024
Frankfurt(FRA) 9400 20152021 10-500 6 sd Gerwig et al., 202

Annual average
Frankfurt(FRA) 13 600 (May 2023April  10-500 2.5 md HLNUG20%5

20249
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Annual average

Helsinki (HEL) 22 700 2022 <10¢q 0 - Korhonen et 12023
Paris(CDG 23 000 ?Srgsg?cs;c‘)’zesge 5-400 0 . AIRPAR|R024
Paris(CDG 17 900 ?Srgsgg‘cs;c‘)’;‘;‘ge 5-400 1 md AIRPAR|R024
Paris(CDG 6 200 ?SZSS?CS;S’;;"QE 5-400 5 md AIRPAR|R024
Paris(CDG 7 400 ?srg;;?cs ;c‘)’zeg"ge 5400 10 md AIRPAR|R024
Vienna (VIE) 1500016 400 gg;;_glogfrage 4-300 25 ; Buxbaum et al., 2025
Vienna (VIE) 10500-11 300 g‘gg;_g'ogzerage 4-300 08 ; Buxbaum et al., 2025
Zurich(ZRH) 24 000 g‘gg;a' average 5 100 1 md OSTLUFT, 2025
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AmsterdamSchiphohkirport (AMS)is one of the largest airports ifiable2.1 with 436967 flights in
2023. A project by TNO (Netherlands Organisation for Applied Scientific Research) with a grant of
RIVM (National Institute for Public Health and the Environmemiducteda measurement campaign
of UFP at 10 locations neAmsterdamairport from 2017¢ 2018 with mostlysixmonth duration at
the single statios for PNC and for some weeks fglobility Particle Size Spectrometel§lPSH It
was important for this study to document the comparabilityGdndensation Particle Count@ZP(;

to validate and improvea model to map UFRexposure concentrations aroundMS airport
Measurements showedhat the closerthe sampling pointvasto the airport the higherwasthe
recorded UFP concentrationwith a maximum averagér the monitoring period above 3800
particles/cn? (Vogt et al., 2019) Particularly, UFP smaller than 20m were found when the main
source waghe airport (Dinther et al., 2019)During the MagJuly 2021 measurement campaign,
background ultrafine particle (UFP) concentrations near Schiphol averaged aroun@dQLO
particles/cms3, significantly lower than levels measured on the airport terrain, confirming that local
emissions dominate. At the Oude Meer w®ba (@bout 1 km from Schiphol)2-months mean
concentrations reached6 300 particles/cm3 when wind came from the airport, while Ookmeer
(about5 km away) recorded11700 particles/cm? under similar conditioifromp et al., 2021)The
measurementof UFPat 8 km distance from AM§howed an averagef about 9000 particles/cr,
over the 2 years monitoring perio@he total PN@vas observed tancrease by 34% when the wind
was blowing fromAMS compared to all other wind directionsThe AMSairport potentially
contributed up to 5% oftotal PNC and 16% of ¢20 nm particles 8 km downwind of the airport (2
years sampling 2022014 Hofman et al. 2016).

With 166100 flights per year in 2023 4ble2.1), the Berlin Brandeburg airport (BER3 imiddle sized
airport among thoseselectedin this report,the 2 largest airport in Germany. Federal State Agency
Brandnburg l(andesamt fir Umwelt Brandenburg, Lfehnducted measurementsiith CPCand
MPSS$Swhich are the standard methods for determining the PNC and the POED measurements
are conducted sinc2021in Mahlow, 4 km SW of the airpgrboth CPC and MPSS measurements
were made in Wildau, 7.5 km SW of thepait, for 2024 until middle 2025 (Brauer, 202B8)so,the
airport companyhas been conductin@PC and MPSS measurements 1 km NE of the runway since
2020.Measurements showethat the BERairport contribution to the total UFP concentration was
significantly higher than the contribution of motor vehicle traffic up to around 7 km downwind of the
terminal, even when measuring on busy roads (Gerling andérye2023). Innovative drone
measurements up to an altitude of 700 metres were able to validate the aigispersioamodel.

The airport influence was visible for particlesth diameter below40 nm. At 1820 nm particle
concentrations with wind from the airport was approx43imes higher compared to wind from other
directions. Most of the UFP from the airport are volatita example56% inthe Mahlow monitoring
station. No clear influence of the airpowtas foundfor larger particle diameters as wels for soot
mass and Ph.

Brussels airport (BRU) is a middleed airport in table2.1 with 180376 flights in 2023VMM
(Vlaamse Milieumaatschappij) performegeasurementsof UFPat four sitesfor two monthson a

linear transect upwind and downwind in tlpegevailingwind direction of the Airporbf BrusselsTwo
measurement sites were located close to the airport (< 750 m), while two others were farther away
(at 5 km and at 7 km)l'he highest average particle concentration was observeal the airport,

18 000 particles/cm3and 17 000 particles/cm3, followed by 1@00 particles/cm3and 8 000
particles/cm®measured at the more distant siteBhese measurements were later udggmodeling
studiesto gain more insight into the exposure of residents near Brussels Airport to UFP, and the
contribution of air taffic to this exposurélLdebvre et la., 2019GarciaMarles et al., 2025; see also
Box 6.2Zor more detail$.

Copenhagemirport (CPHijs a middlesized airport with 22268 flights in 2028Table2.1). During a
project of the nish Centrdor Environmentand Energy(DCE) 2022024 using a measurement
vehicle, air concentrations of ultrafine particles and nitrogen dioxide were monitored along a fixed
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route near the airport. The estimated annual mean value directly north of the airport w&9@7
particlescm?. The maximuma5-minutes averageeached200000particlescm?®. The measurements
indicated that the airport accounted for 500% ofUFPnear the measuring stations (Ellermann et al.,
2024).

Dusseldorf(DUShas with 143567 flights per year in 2023 almost the same flight amount as BER.
Federal state agency LANUK (Landesamt fuir Natur, Umwelt und Klima Notdtestfalen)has been
conductingUFP measurements since 20&® km SW of the airport in a residential area (Dusseldorf
LohhausenjGrosse Schute, 2025)

Frankfurt/Mainairport (FRAJs the3' largestairport by number offlights inEuropein 2023 with 422
275flightsper year(Table2.1). ContinuousCPC and MP®&asurementsre conductedsince 2017

by the federal State Agency for Nature Conservation, Environment and Geology (HLINbw@)days
oneactive site is measuring at the airport atveb within 10 km around the airport of the main wind
directions (Schwanheim, Raunheim) (HLNUG 202%helwity of Frankfurt anotherthree stations

are measuring UFP inside a circle of 20fiam the airport Measurements(HLNUG2020)showed

that the concentration of particlei the main win directionfrom the airportdecreaseduring the
COVID1%andemichy 58% in the nearest sampling point to the airpo(6chwanheim20 900
particlescm?® and 8 800 particlesicm?®), with a 64% decrease the number ofpassengeflights in

2020 compared to 201€urostat) The reduction of UFRhenwind was blowing fronthe airport
correlated with the reduction in flight movementsThe characteristics of emissions from flight
operations, such as particle size distribution and concentration variations, have been clearly
identified at monitoring sites, showing a significant impact on l#€ls particularly near the airport.
These distinctive features in UFP emissions are influenced by wind direction, with a notable peak for
particles smaller than 30 nm. The ‘fingerprint' of emissions can be detected up to 14 km away from
the airport, with theinfluence diminishing exponentialfHLNUG 2022) Oneyear measurements

east of the airport i6 Neuwlsenburgduring 2022 and 2®3) showed PNCL0-500 nm)of 7 400
particlescm?®. Analysis of flight operations' impact on particle concentration revealed higher levels
(approx. 10200 particleskm?®) whenthe wind was coming fronthe airport. A cluster analysis of
measured air pollutants and particle distributiaientified two primary sources of particles from air
traffic: groundlevel emissionsrom taxioperationsand partly takeoffs; emissions from landing
aircraft. Groundevel emissions, especially in westerly winds, led to high concentration values and a
broad distribution in the 1680 nm size range, whereas emissions from landing aircraft above 400
metres contributed less to particle concentration. In N&enburg, the WH@eference leve(WHO,
2021)of highhourly concentrationg20000 particles cm®) was exceeded 3%nd thereference level

of highdailyconcentrationg10000particle/cm?®) 22% of the timgHLNUG, 2024pver the 12month

period from May 2023 to April 202the Schwanheim station, about 2.5 km north of Frankfurt Airport
recorded a mea?NCof 13600 particlescm?3, with peaks reaching up to 880 particlescm? under
prevailing south to southwest winds, which frequently transport emissions from the airport. These
values are substantially higher than those measured at more distant sites, highlighting the strong
influence of airport operations on local UFP ls\(eILNUG, 2025The impact in the communities in

the immediate vicinity of the airport is primarily donated by the horizontal displacement of ground
level emissions on the airport site and along the low approach rolelevy 400 m flight altitude)
(HLNUG2025)

HelsinkiVantaa airport(HEL)is a small to middksized airport of the selected 23 airports with
135788 flights in 20234SY (Helsinki Region Environmental Services Authority), a Finnish network in
the Helsinki capital region, has measured AQ at the airport, near the passenger terminal, every 5
years. The latest measurement was in 2022 at the airport station (Lentoasensgdiit a kerb side

of a road to the terminal halldleasuementsof indicative PNC were conducted witiw-cost senso

for which thelower size limitof the particles is noprecisely definedbut measurementdbeginat
particle sizes ghtly below 10 nmLargesindicativePNCvalues wergecorded near the airponvith

annual average o022 700 particles/crh. Measurements of indicativ®NCin traffic environment
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ranged betweery 000 and 1&00 particles/cm, between 5000 and ®00particles/cntin residential
areas 5 200 particles/cmat urban background station, andé®0 particles/cntat rural background
station. Beside PN(also an alternative metric for health effect of particles lung deposable surface
area (LDSA) was measuréthe IDSAmeasured the surface area of particles in the¢ D0 nmsize
range.At the airport, concentrations varied greatly in line wflights and car traffidfrequencyat

and around the airport, with high concentrations on both weekdays and weekends. The annual
average LDSA concentration was highest in the busy traffic area near the al@@&tumz2/cn?,
compared t010.7 ¢ 17.6 um2/cm? in traffic areas 7.7 ¢ 9.4 um?/cm? in residential areas, an€l.2
umz2/cm? at abackgroundstation (Korhonen et al.2023).

Paris Charles de Gaulle (ClHBport is the biggest airport of th&3 selected airportsin this
assessmentwith 446 185 flights in 2023. In a project by AIRPARIF, which started in 2019
measurement sites inside the airport and at distances of 1 km, 5 km and 10 km in a NE direction.
Measured annual averages of UFP resulted respectively i00B3 17 900; 6 200 and 7400
particleskn®. The average concentration of ultrafine particles at the airparbisparablewith levels

along the ring roadAIRPAR|R2024) An dr quality sourceapportionmentstudy is currently ongoing

in the frame of the OLGA European projaxidentify the various sources of airport emissions and
their contribution to urban air qualitat CDGThis study includes 6 to 8 thremonths campaignat

two air quality monitoring sites at CD@cluding UFP.

Vienna airpori{VIE)s a middlesized airport of the selected 23 airports with 2339 flights in 2023.
Umweltbundesamt Austria measuréi-Psince 2022 by MPSS-300 nm). Two measuring stations
are installedone at 2.5 km NW of the airport at a refinery and chemical industry and another 800 m
SE in a rural residential area. Annual means in 2022 were respectiv@édp Bhd 1®00particlestm®
(Buxbaum et al., 2@). Maxinum of 30-minutes averagelarger than100 000 particlescm® was
measured when the whd came from the airport.ln 2023 and 2024 similar annual mean
concentrations were measured, around 16,000 and 11,000 particles/cm3 respectivedy UFP
concentrationameasured near the airport of Vienna (V£ higher than in the urban background in
Vienna and Graz and significantly higher than in llimitz (rural backgroline)neasurement results
show that emissions from air traffic at both measuring points determine the UFP concentrations
(Buxbaum et al., 2025)

Zurich(ZRH)s alsoa middlesized airport of the selected airports with 2480 flightsin 2023(Table

2.1). Since 2020 permanent measurements of CPC and MRID@Hm) take place at Kloten inside

of a residential area about 1 km east of the airport with annual reports and data available via website
(OSTLUFT, 2025; Kanton Zurich, 2025). On ava4difo particlescnm® were foundin the year 2023

of which48 %were attributed to the airport. Maximum 10-minutes averageconcentrationup to
500000 particlestm® was measured

Apart from the selected airporin this report, here are more exampleshowcasing the increasing
concern of UFP levels around airports. For example, the Free State of Bavaria the University Bayreuth
measured UFP at 2 km SE and 3 km NW of the airport of Munich (MUC). hyeaoiperiod between

2021 and 2022, the annual meanh 7 900 cra3 (10800 nm) and a maximum-finute average of

190 000 crB were measured (Nolscher, 2025; Seidler et al., 2024)
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Box 6.2Modelling UFP concentrations
Different types of models can be used for calculating UFP concentrations:

1 Dispersion(Gaussian models, Lagrangian models, Eulerian models / Chemical Trar
Models (CTMs): Spatially resolved, need detailed emission inventories and meteorol
data.

9 Statistical(Landuse regression (LUR): Needs spatial predictors (e.g. distance to runw
Has limited insight into transport or transformation processes.

1 Receptor(SourceApportionment Models) Positive Matrix Factorisation (PMF), Princi
Component Analysis (PCA), Trajectoaged models: Use air mass history to assess sol
regions.

1 Hybrid. Combining different models and/or measurements. i.e. PMF with airport datg
CTM with local dispersion models.

For modelling the dispersion dfIFPfrom airports often dispersion models are used. T}
Lagrangian model LASPORT is used in the EU research project AVIATOR for the di
modelling of norvolatile and volatile UFP (Winklet al, 2025).Also,combinations of different
model types are used, i.e. Chemical transport model (CTM), using chemical transformation
physical processes, for resolutions down t6 Bm x 6 km combined with dispersion models o
lower resolution of typically 50 m x 50 m (Loremt al., 2019; Winklest al., 2025).Additionally,
UFP background concentrations from measurements can be added (Mastd#r2025).

Other examplesare Zurich, Mesoscale Eulerian weather model and Lagrangian dispersion n
(Zhang et al., 2020), Brussel, Gaussian Plume model (Lefebvre et al., 2019) and Amst
Gaussian Plume model (Keuken et al., 20B@ceptoAnodelling techniques operate at
measurement sites (receptors) and attribute pollution to sources based on meas
chemical/physical profile. (i.e Brussels: Galdiarlés et al., 2025).

The dUltra-fine dust pollution from airports in BerinULTRAFLEB)oject made stationary and
mobile measurements as well as a model evaluatibFRn the vicinity of Berlin Brandenburg
Airport BERThe CTM.agrange hybrid model was applied to an area otk60x 60 kmat a
resolution of 500 m and partly down to 50 m for annual means for years-2029 (Winkler et al.,
2025). Model results are delivered to the epidemiologic study BEAR (The Berlin Airport &tu
natural experiment investigating hedhlteffects from changes in airpertlated exposures
KoPilo}.

In ULTRAFLEB projenipdelng results show continuous decrease in UFP concentratioith
increasing distance from the airpoifhe example below shows the impact of Tegel airport in B
on UFP in 2019, before the COVID19 pandemic (smaller impact is visible from the Brar
airport, which became the single airport in Berlin in 2020). In 2022 the impact of Tegel &
disgppears after its closure in 2020, while it is possible to see the impact on UFP concent
from the renovated Brandeburg airport (BER) in the south east of the city, with simulated g
mean concentrations above MO particles/cm in the vicinity d the airport, declining to 4 00
particles/cn¥within about 5 km (Map 6.1).

Airport contribution to UFP concentrations can be up to up to 50% in the vicinity of the airport
falls after a few kilometres distance from the airport significantly below the contribution of
other sources (Map 6.2). The validation resulted in sia®n of 10% to 200% between statiot
measurements and model results if compared on monthly basis.
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Map 6.1 Results from ULTRAFLEB: Total UFP concentraitiocasegion of60 km x 60 knat 500
m x 500 m resolution around Berlin for 2019 with airport Tegel in operatiteft) and
2022 ¢ight) with Tegel closed (Winkler et al., 2025).

UFP-Konzentrationen 2019 UFP-Konzentrationen 2022

Einfluss von Gra8fughafen auf UFP im Grofiraum Barlin (ULTRAFLER) wa"‘_:"w Einfluss von of UFP im Borlin (1
Mittlere UEP. 2048 im Bl e o Mittieve UFP. 2022 im
e, EEEW I oy [N - .
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T Bundeserssyents. 1 Bunsesensyrenss
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Map 6.2 Average percentageontribution to UFP concentrationfrom car traffic (a) and airport
(b) in a region of60 km x 60 kmat 500 m x 500 m resolution around Berlin (Winkl
and et al., 2025).

UFP-Beitrag durch Kfz-Verkehr 2022 UFP-Beitrag durch Flugverkehr 2022
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Other mocling studieswvere conducted for example for therpbrts of Frankfurt (FRABrussels
(BRURBNd Zurich (ZRH)

Frankfurt (FRA)a modelling study (Lorentz et al., 2019) was carried outh# airport usinga
hybrid model(combination of aChemical Transport Model€TM)and aLagrangan mode) with
an area of 3%m x 35 km and a horizontalresolutionfrom 500 neters down to 100 netersto
simulate the annual mean UFP concentratiofthe year 2015. It showed that the main source
UFP from airports stem from the main engines on the ground i.e. by taxi movements of the ai
on the runways. The results underestited the UFP, because for flight operations, only the-ng
volatile particles (essentially soot) were considered. Airport operations outside the air
premises within 1 km,are responsible for up to 25% of the total number of particles, especiall
main wind directions in N&d SW, but dropping to below 10% at 2.5 km away.

Brussels (BRUYITO Ylaamse Instelling voor Technologisch Onderzosdjelled UFP from 10
100 nm in an area of 20 km around Brussels Airport on base of 2 months measurements in 2
four stations(Table 6.1)It was found that he airport is a major contributor to UFBut UFPwere
also elevated along busy roads such as the Brussels Ring Road. The calculated contributio
traffic and local road traffic to UFP depend on the location of a site in relation to the airport
roads. Results show that aviation contributes up to 6#%JFP concentrations in certain asea
The study also notes similar daily cycles for road traffic and aviation, with air traffic playing a
crucial role during times of elevated UFP concentrations. In general, at tifhdsgh UFP
concentrations, the relative contribution of air traffic is more important (up to 78%), while
relative contribution of local road traffic remained about the same (Lefebvre et al., 2019). It
also found thatairport sources contributed &00¢14 000 cm® near the airport andtakeoff
emissionsvere generalyy coarser (20 nm) than taxiing (12 nriear the airport65% of thetotal
PNC particles were dominated by smallest measured particlesl@d20 nm). The airport's
contribution to UFP was noticeable to at least 7 &specially for the smallest particlesith 30
min peakcontributions ranging from 4000 to 9000 particles/cn (GarciaMarles et al., 2025
STARGATENd RIURBANEUprojects. VITO works together with Brussels Airport Company on
guality modelling, source apportionment and impact of measures. Besides AQ modelling
measurement campaigns have been conducted and will be repeated. Only limited mate
currently availablehowever.

Zurich (ZRH}he atmospheric dispersion model system GRAWMteorology aB00 m horizontal
resolution) /GRAL(atmospheric transport a0 mhorizontal resolutiopjwas offline coupled with
the aerosol dynamics model MAFOR to calculate the hourly particle number concentra
induced by the aircraft emissions for the surrounding communifiége number concentrations
attributable to the airport were 18 10° particles/cn? for the communities close to the airport
The ouput analysedwith a statistical model trained with measements, showedanannual mean

particle number concentration in Zurichf about 8 000 particlescm?®; the particle number

concentrations ircommurities close to the airportvere increased by a factor of,20 compared

to the background levélzhang et al., 2020)
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7 Conclusions

This study examined air quality at 23 European airports chosen based on air traffic volume in 2023,
geographical coverage across EEA member countries, population density near airports, and
information on ongoing and recent UFP monitoring activitiEse selected airports include major

hubs such as Frankfurt (FRA), Paris Charles De Gaulle (CDG), and Amsterdam Schiphol (AMS),
representing diverse regions from northern to southern and eastern to western EuSmeeral

airports were prioritized due to their pximity to densely populated areas, with some exceeding one
million inhabitants within 10 km. Information on ongoing and recent UFP monitoring activities was

I 6§ KSNBR { KNFheamtic Gréup lorb Airg €dinplemented by literature reviews and
European research projects.

The analysis combined observational data, meteorological information, andrésgkution air
quality mapgo assess air quality near European airpoftstee pollutants were analyseNO,, PM. 5

and G;, for year 2023, corresponding to the latest validated data reported by EEA meiauter
cooperating countries (Elaalidated data AQ -Reporting. Sampling points (SPOs) with sufficient
data coverage were identified within airport areas and at varying distances (up to 50 km, depending
on the air pollutant). Wind direction frequencies weranalysedio distinguish conditions wheair
pollution levels measured at the SP€mild originate from airports. Hourly pollutant measurements
were compared under two scenarios: wind from the airport versus other directions, providing
preliminary indications of airpoftelated impactsTo address gaps in monitoring coverage, EEA high
resolution air quality maps (1 km x 1 km) were usedualuateannual mean concentratiortsf NG,

PM.s and O; peak season levels within airport areas and surrounding regions. Comparisons were
made between airportareas regional backgrounds, andifferent land cover classes to quantify
spatial differences.

The assessment revealed substantial variability in monitaingualitynear European airports

1 11 airports lack anyNG: monitoring siteswithin 5 kmdistance, while others had between
one andthree. Only three airports had stations inside the airport area, and eight had sites
within 1 km.All airports had at least one station within 10 km, but coverage ranged widely
from a single site to eight. Monitoring sites included differarda typegBackground, Traffic,
Industrial), with most airports having at least one background statigimd-sector analysis
showed uneven directional coverage: some airports (e.g., Lisbon, Madrid) had stations in up
to five sectors, while others had minimal representation, reducing the ability to capture
airport-related impacts under varying wind conditions

1 15 airports lack an?M s monitoringsites within 5 kndistance while others have onlgneg
two sites.Only Dublin has a station inside the airport, and four airports have sites within 1
km. Coverage improves at larger distances: most airports have at least one station within 10
km, and nine airports have 10 or md&®Osvithin 20 km (up to 18 for Dublin). Vilnius (VNO)
is the only airport without anf?M, s monitoring within 20 kmMost airports have background
SPOswithin 20 km, and several have mixed types (background, traffic, industrial).-Wind
sector analysis shows airports like Madrid and Warsaw hBE@s3n six sectors, covering up
to 87% of wind frequency, while others have minimal representatioqZ8%).

f mn | ANLRNIGA& f I @ihinb k@whieimosyrave atleasNdng/ station within
10 km.Only Dublin has a station inside the airport, and five airports have sites within 1 km.
Coverage increases significantly at larger distances: up 8PTBwithin 20 km and as many
as 37 within 50 km for some airports. Backgro@Oslominate reflecting Os secondary
formation andits regional nature Due to the larger distancanalysed forO; SPOS, ind-
sector analysis indicates strong directional coverage:asrports haveSPOsn all eight
sectors, and 16 airports achievaore than50% cumulative wind frequency, enhancing
representativeness.
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The study examined hourly pollutant datsi@, PMs, O;) and wind directions for 2023 to assess
potential airportrelated impacts. Concentrations at monitoring sites were compared under
downwind versus nomlownwind conditions across eight wind sectors

I ForNG, 18 of 23 airports showed at least one sector witbre than10% increase under
downwind conditions, with differences ranging from 14% (Zurich) to 143% (Lisbon). Several
airports (Lisbon, Amsterdam, Paris CDG, Madrid, Rome, Brussels) exhibited consistent and
significant increase# some casesxceeding 80%.

1 ForPMs, 15 airports showed increases above 10%, with the highest differences reaching
57% (Brussels). Notable cases include Brussels, Frankfurt, Helsinki, and Prague, with multiple
sectors showing elevated concentrations.

1 ForQ; 17 airports exhibited increases above 10%, with extreme cases up to 95% (Rome).
Airports such as Rome, Barcelona, and Milan showed frequent and substantial increases
across multiplevind sectors.

Overall, the analysis indicates that pollutant concentratians potentiallyhigherunder downwind
conditions for many airports, suggestimpssible contributions from airporirelated activities.
However, variability acrossind sectors and distances, as well as influence from oft@lution
sourcedn the area must be considered when interpreting these results.

Due to limited and uneven monitoring coverage inside and near airports, deriving robust conclusions
solely from measurements was challenging. To address this, EEfebajylition air quality maps (1

km x 1 km), which integratehemistry transportmodel simulations, reported measurements,
meteorology, and land cover data, were used to compare pollutant concentrations in airport areas
with surrounding regions andor different land cover classeQverall, the magbased analysis
provides evidence of elevatddD, andPM:slevels in airport areas compared to surrounding regions,
while O; remains largely regional in nature:

T The maps reveal thallQ, concentrationswere consistently higher in airport areas than in
regional backgrounds, with differencéarger than 10 pg/ms3 in Milan (LIN) and Madrid
(MAD) up to 13.4 pg/min Lisbon (LISTheNG, annual mean concentratiom Milan (24.7
Hg/m3) was above théimit valueto be attained by 2030 (L)) set in therevisedDirective
(EU, 2024)while Lisbon and Madrid approach it.

1 ForPM:s, airport concentrations exceed regional levels in most cases, though differences are
smaller (up to 2.9 pug/m3)Sixairports had levels abovd0 pg/ms3 the revised annudimit
valueto be attained in 203@L\to30), with Milan (19.3 pg/m?) and Bucharest (16.9 pg/m?3)
among the highest. Some airports afsad levels above thiireshold typicabf high-density
residential areas.

T hi LIS &aSlhrazy O2yOSyaGNYGA2ya NB aAYAfLFN o
ranging from 72 to 113 pg/ms, well abottee updatedWHO guideline§/WVHO, 2021).

Longterm trends (20082023) ofNQ,, PM:sand Os levels were analysed at the identified SPOs in
Europearairportsand nearby citiessromoneto sixSPG@with longterm trend (20052023)within a

10 km radius of the airportereA RSy G A FA SR T 2 NkbrBMa 4 frorh dhe tavsgverSRA$1.J2 NI & @
with long-term trend within a 20 km radius from the airport were identified at 18 airports. Bgr

from 1 to 25 SPOs witbngterm trend within a 50 km radius from the airport were identified in 21
airports.In general, foNG, the mean decrease from 2005 to 2023 was around 45% for both nearby
(within 5km) and more distant monitoring locationongterm trends inPM. s concentrations near
airports show substantial reductions across all distance ranges and station types, though the
robustness of these estimates varies with sample .sipalysis of longerm trends in Oz
concentrations indicates a consistent increase across all distance ranges from apoutsd 23%
between 35 km and 220 km distance ranges, 15% between5fDkm.

ETCHE Report 202 7 61



UFR measured as particle number concentration (PNC), are emerging pollutants of concern due to
their ability to penetrate deep into the lungs and potentially enter the bloodstream, posing distinct
health risks. Although formal guideline values are lackinglOAtonsiders concentrations above
10,000 particles/cm3 (2fhour mean) or 20,000 particles/cm3 (hourly) as high. The revised EU
directive now mandates UFP monitoring at supersites and in-¢ogicentration areas, including
airports.Measurements at seval major European airports show annual averages exceeding 20,000
particles/cm? within Ikm of airport operations, well abovine 2 | h Qaly and hourlyeference

levelk. Concentrations decline rapidly with distance, typically falling below 10,000 particles/cm?3
beyond %10 km.However, WHO reference levels apply to UFP measured with a minimum size of 10
making direct comparisons problematic for some of teports analysed in this report.Wind
direction significantly influences dispersion, with airpoetated contributions detected up to¢8 km
downwind. These findings highlighirport activities as asignificantsourceof UFPat local levebnd
underscore the need for standardized monitoring protocols and strategic station placement to assess
population exposure.
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List of abbreviations

Abbreviation

Name Reference

AAQD Ambient air quality directive
AGR Agricultural areas
AMS IATA code of Amsterdam airport
AQ Air quality
AQG Air Quality Guidelines
ATH IATA code of Athens airport
BCN IATA code of Barcelona airport
BER IATA code of Berlin airport
BRU IATA code of Brussels airport
CDG IATA code of Paris Charles de Ga
airport
CH Methane
CLC2018 CORINE Land Cover 2018 https://land.copernicus.eu/en/products
[corine-land-cover/clc2018
CcO Carbon monoxide
CPC Condensation particle counter
CPH IATA code of Copenhagen airport
CT™M Chemical transport model
DuB IATA code of Dublin airport
DUS IATA code of Dusseldorf airport
EASA European Union Aviation Safe https://www.easa.europa.eu/en
Agency
EEA European Environment Agency www.eea.europa.eu
EIONET European Environment Informatio https://www.eionet.europa.eu/
and Observation Network
FCO IATA code of Rome Fiumicino airpc
FRA IATA code of Frankfurt airport
HAM IATA code of Hamburg airport
HDR High density residential areas
HEL IATA code of Helsinki airport
IATA International Air Transpor
Association
IND Industry
ISD Integrated Surface Database https://www.ncei.noaa.gov/products/lal
nd-basedstation/integratedsurface
database
JRC Joint Research Centre
LDR Low density residential areas
LDSA Lung deposable surface area
LIN IATA code of Milan Linate airport
LIS IATA code of Lisbon airport
L Vo030 Limit value to be attained by 2030
MAD IATA code of Madrid airport
MPSS Mobility Particle Size Spectrometer.
NAT Natural areas
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https://land.copernicus.eu/en/products/corine-land-cover/clc2018
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NH; Ammonia

NMVOC Non methane volatile organi
compound

NOAA National Oceanic and Atmospher https://www.noaa.gov/
Administration

NG Nitrogen dioxide

NOXx Nitrogen oxides

NPF New particle formation

NUC Nucleation mode patrticles

Oz Ozone

ORY IATA code of Paris Orly airport

OTP IATA code of Bucharest airport

PMuo Particulate matter which passe
through a sizeselective inlet with a
50% efficiency cu®@ TF | {
aerodynamic diameter

PMs Particulate matter which passe
through a sizeselective inlet with a
50% efficiency cudff at 2.5 > Y
aerodynamic diameter

PNC Particle number concentration

PNSD Particle number size distribution

PRG IATA code of Prague airport

SQ Sulphur dioxide

SOx Sulphur oxides

SPO Sampling point observation

TG AIR Thematic Group on Air

T\boso Targetvalue to be attained by 2030

TRAF Traffic

UFP Ultrafine particles

VIE IATA code of Vienna airport

VNO IATA code of Vilnius airport

WAW IATA code of Warsaw airport

WHO World Health Organization

WS Wind sectos: North (N); Northeas
(NE); East (E); Southeast (SE); St
(S); Southwest (SW); West (W
Northwest (NW)

ZRH IATA code of Zurich airport
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Annex 1 Maps and tables for eacirport

This Annex contains the full analysis with all plots for edgdort with the following structure:

1

Map of theairport area (CL20218, code4 folygon) and map with location of identified air
quality SP@ withinradius ofL0 km forNG, 20 km forPM: sand50 km forO; from the airport
(the location of the meteorological station is used as centre of the airpdhtg frequency of
wind directions blowing tim the airport towardseight different sectors (45 degrees wide
sectors centred at directions NE, E, SE, S, SW, W, NW, N) is also displayed.

Tables with identified air qualitySPG of NG, PMp s and Os. The tables include additional
information on the annual mean concentrations of each SPO with available data (data
coverage larger than 75%), distances of the SPOs from the airport area, location of the SPO
in one of theeightwind sectors around the airport (WS: N, NE, E, SE, S, SW, W, NW), wind
frequency blowing from the airport in that WS, population living in the WS within 10 km from
the airport, and trends of annual mean concentrations (22023) when available.

Distribution of hourlyNG,, PM: 5 and O; concentrations for monitoringP@ located in the
eightwind sectors relative to thairport. Three distributions are displayed for each direction

if data are available: hourly concentration corresponding to wind from all directions (red);
hourly concentration corresponding to wind blowing from tlaérport (green); hourly
concentration corresponding to wind not blowing from thieport (blue). In the centre of the
figure the wind frequency in each sector is reported.

A series of tables summariseedian concentrations dNG,, PM,.s, andOs under downwind
conditions compared to nedownwind conditions, grouped by wind sector and distance
range from the airport. Left panels show pollutant concentrations (ug/m3) when wind
originates from the airport toward monitorin§POsalong with wind frequency (%) for each
sector. Grey cells indicate missing data. Right panels present relative changes (%) in median
concentrations under downwind conditions versus rawnwind conditions calculated
separately for each distance range. Positive values (highlighted in red) indicate increased
concentrations when air flows from the airport, while negative values (blue) indicate
reductions. This analysis provides preliminary evideneed directior influence of airport
emissions on local air quality.

EEA air quality maps biO;, PM: sand O; peak annual meanoncentrations at the resolution

of 1 km by 1km for 202 Next to each map the dx-plot distribution of NG,, PMig and O;
concentrations over thairport (grey shaded grid cells), compared to the surrounding region,
including areaveighted means for different land cover clas§idigih dendiy residential, Low
density residential, Industry, Traffic, Agricultural areas, Natural areas
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Annex 1.1:Airport of Amsterdam (AMS)

FigureAl.1: Air quality SPOsaround the airport

— Airport area

-+ Distance radius from airport

® Traffic
& 1) ® Background

TableA1.1: List of NG, SPOs within 10 km from the airport

Distance Population in

County SN SO guge Longivge SMIION s MM e eeney 20

trend (%) .o (km) (Ws)  InWS(%) fom, airport
Netherlands NL00564 Background 5233 417 15.068 019 NW 8.60 37,708
Netherlands  NLO0565 Background 5228 477 15.24 0.86 S 6.28 30,312
Netherlands  NLO0561 Background 52.33 477 18.68 112 16.24 65,541
Netherlands NL00022 Background 5237 479 14.11 -40.65 478 16.24 65,541
Netherlands  NLO0O14  Background 52.36 487 1475 -56.94 622 NE 21.27 282,181
Netherlands MNL00020  Traffic 5237 486 2534 -55.59 735 NE 21.27 282,181
Netherlands  MNLOOOO7  Traffic 5238 485 30.42 -54 66 746 NE 21.27 282,181
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TableAl1.2: List ofPM,5s SPOs within 20 km from the airport

2005- Distance - -
Concentration 2023 from Wind ~ Wind

Station Station Population in WS and

Country code type Latitude  Longitude (pg/m?®) trend airport mcstn;r T;e&GJSe '}% 20 km from airport
(%) area (km)
Netherlands NL00561 Background 52.33 477 8.37 1.12 N 16.24 177,626
Netherlands NL0OO703 Background 52.40 473 7.96 3.58 N 16.24 177,626
Netherlands NL00014 Background 52.36 487 7.71 6.22 NE 21.27 675,124
Netherlands NL0O0O0O07  Traffic 52.38 485 8.79 7.46 NE 21.27 675,124
Netherlands NL0O0017  Traffic 52.36 4.90 9.25 7.66 NE 21.27 675,124
Netherlands NL0OO704  Industrial 5243 477 835 790 N 16.24 177,626
Netherlands NL00016 Background 52.39 487 6.78 9.51 NE 21.27 675,124
Netherlands NL00012  Traffic 52.39 4.89 8.71 9.80 NE 21.27 675,124
Netherlands NL0O0O701 Background 52.45 482 877 11.42 N 16.24 177,626
Netherlands NL00444 Background 52.30 4.51 7.92 13.66 w 8.84 151,806
Netherlands NL00G41 Traffic 52.20 4.99 8.78 16.75 SE 9.58 102,013

TableAl1.3: List of O; SPOs within 50 km from the airport

2005- Distance

conwy SN STl mouae T 5 LN o wemo SRSNIS
(%) area (km)

Netherlands  NL00550  Traffic 52.37 4.64 5263 4.60 NW 8.60 288,854
Netherlands NLO0014  Background 52.36 4.87 5468 622 NE 2127 914,330
Netherlands  NL0O0012  Traffic 52.39 4.89 5248 9.80 NE 21.27 914,330
Netherlands NL0O0003 Background 52.39 494 5563 12.21 NE 21.27 914,330
Netherlands NLO0O444  Background 52.30 4.51 62.07 23n 13.66 w 8.84 178,314
Netherlands NL00641  Traffic 5220 4.99 47.72 73.97 16.75 SE 9.58 951,431
Netherlands MNLO0633 Background 52.14 484 5212 19.96 17.08 S 6.28 827,072
Netherlands NLO0636 Traffic 52.10 512 48.53 30.97 SE 9.58 951,431
Netherlands NLO0643 Background 5210 513 54 81 3144 SE 958 951,431
Netherlands NL0O0639  Traffic 52.07 512 50.82 5467 3369 SE 9.58 951,431
Netherlands NLO0OG644 Background 51.97 492 50.79 36.13 S 6.28 827,072
Netherlands NLO0446 Background 52.04 4.36 5453 37.57 SW 13.47 1,799,079
Netherlands NL00450  Traffic 52.06 432 47.82 37.70 swW 13.47 1,799,079
Netherlands NL00404 Background 52.08 429 57.61 2999 3819 SW 1347 1,799,079
Netherlands  NLO0493  Traffic 5193 4.46 42.73 4412 SW 13.47 1,799,079
Netherlands NL00418 Background 51.91 4.48 5206 4853 4491 sw 13.47 1,799,079
Netherlands MNL00494 Background 51.92 4.40 46.80 46.55 sSwW 13.47 1,799,079
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FigureA1.2: Distribution of NO; hourly con@ntrations around theairport

NO, concentrations when wind is blowing from the airport

Wind sector 7: NW

Amsterdam-AMS, Wind sector 7 (1 SPOs)
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Wind sector 8: N

Amsterdam-AMS, Wind sector 8 (2 SPOs)
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Amsterdam-AMS, Wind sector 1 (3 SPOs)
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FigureA1.3: Distribution of PM, s hourly concentrations around the airport

PM, 5 concentrations when wind is blowing from the airport

Wind sector 7: NW Wind sector 8: N Wind sector 1: NE
Amsterdam-AMS, Wind sector 8 (4 SPOs) Amsterdam-AMS, Wind sector 1 (5 SPOs)
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FigureAl4: Distribution of Os hourly concentrations around the airport

O3 concentrations when wind is blowing from the airport

Wind sector 7: NW Wind sector 8: N Wind sector 1: NE
Amsterdam-AMS, Wind sector 1 (3 SPOs)

Amsterdam-AMS, Wind sector 7 (1 SPOs)
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TableAl 4: Mean hourlyNG;,, PM; s, andOs; concentrations when wind blows from the airport vs.
other directions, by wind sector and distance
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