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PREDMLUVA
Vazené kolegyné, vazeni kolegové, pratelé,

Rad bych vas viechny privital, z pozice piredsedy Ceské aerosolové spole¢nosti (CAS), na
24. vyro¢ni konferenci Ceské aerosolové spoleénosti, vsrdci jizni Moravy v
Hustopecich - v hotelu Wine Wellness Hotel Amande.

Minuly roé¢nik byl ve znameni pilotniho spojeni VK CAS a konference Ovzdusi,
Ovzdusi v CASe, které jsme usporadali ve spolupraci s VI RECETOX a pod zastitou VI
ACTRIS. Tento koncept v loriském roce prinesl zvySenou ticast na konferenci a pfitomnost
kolegt, kteti se v minulych letech VK CAS pravidelné neti¢astnili. Nicméné&, protoZe je vidy
prostor ke zlepSeni, radi bychom ve snaze motivovat i kolegy z blizkych obort, pripadné
i zastupce legislativnich organti, v nasem usili pokracovali. V tomto ohledu bych na vas
rad apeloval, abyste, pokud uznate za vhodné, informace o konferenci $irili dale
v fadach svych kolegti a spolupracovniki. A to i v ptipadé, Ze nejsou primo odborniky ve
vaSem oboru, ale jejich expertiza by mohla pomoci nahlédnout nasi problematiku z jiné
perspektivy ¢i prinést zajimavou spolupraci ¢i partnerstvi.

Jak jste si mohli jisté vSimnout, letoSni konference doznala dalSich zmén, a to
predevSim po strance organizacni. VletoSnim roce byl zaveden novy online
registracni formular a také, v navaznosti na dotaznik zaslany po skonceni loniského
ro¢niku, vyzkousime v pilotni verzi posterovou sekci. V této souvislosti bych vas rad i
letos pozadal o soucinnost a apeloval na vasi hojnou ucast pri vyplnéni dotazniku, ktery
obdrzite po skonceni letosni konference. Pomaha nam to vylepsSovat organizaci a priibéh
konference tak, aby vSe fungovalo k vasi spokojenosti.

0d zac¢atku letosniho roku také zacal pracovat novy vybor CAS (jeho sloZeni je
k dispozici na webovych strankach spolecnosti), ktery jste si minuly rok na zasedani ¢lenti
CAS odhlasovali. Vybor CAS je v neustalém kontaktu a vSichni jeho ¢lenové se snazi
prispét k hladkému chodu spolecnosti, k jejimu zviditelnéni a prosperité. Timto bych rad
vSem Clentim vyboru podékoval za skvélou spolupraci v uplynulém roce a téSim se na
dalsi vyzvy, které mame spolecné pred sebou.

Jednou z hlavnich zmén je prace na novych webovych strankach CAS. Vybor CAS
také v uplynulém roce intenzivné pokracoval v pripravach na poradani European
Aerosol Conference v roce 2028 v Praze. V ramci piiprav doslo k drobnym zménam,
predevsim, co se tyce mista poradani EAC2028. O vSech téchto zaleZitostech bych vas rad
kratce informoval v ramci zasedani ¢lent CAS, které se bude konat v utery 11.11.2025
tésné po skonceni programu konference.

Jak se jiz stalo tradici v priibéhu minulych dvou rocnikd, i letos privitame vzacné
hosty, ktefi se nam postaraji o plenarni prednasky. Ano, letos budou plenarni pirednasky
dvé, jedna vpondéli dopoledne 10.11.2025 a druha viutery rano 11.11.2025.
V navaznosti na predchozi vaZené hosty, prof. Philipa Hopkeho a prof. Alfreda
Wiedensohlera, se vletoSnim roce ujmou role plenarnich mluvcich Dr. Martin
Gysel-Beer (PSI, Svycarsko) a prof. Gerhard Lammel (Max-Planck Institut,
Némecko). Martin se zabyva predevsim fyzikdlnimi (optickymi) vlastnostmi
aerosolovych castic ve vztahu k lepSimu porozumeéni vlivli aerosolovych ¢astic na klima
(sniZeni nejistot méreni a predpovédi) a lidské zdravi (zlepSeni kvality Zivotniho
prostredi). Gerhard se zabyva predevSim chemii stopovych organickych latek, jejich
vyménou mezi vzduchem, vodou a pldou, a vneposledni Fadé expozici témto
slouceninam v zZivotnim prostiedi a naslednym negativnim vliviim na lidské zdravi.
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Tradi¢ni podékovani patii zavérem viem sponzorim konference Ovzdusi v CASe -
Altium, Biowell (Dekati), ECM ECOMONITORING a TSI. Zastupci téchto firem budou
piitomni v pribéhu konference a bude tak dost prilezitosti s nimi probrat vse, co by vas
mohlo zajimat. Nékteri kolegové zastupujici vySe zminéné firmy obohati program
konference i svymi odbornymi prispévky.

A samoziejmé nemohu opomenout letosni editorku tohoto sborniku Janu
Kanskou. Dékujeme!

Tésim se na osobni setkani v Hustopecich a jako vzdy vSechny naméty, podnéty,
vytky a pochvaly jsou vitany.

Vas,

Jakub Ondraéek (predseda Ceské Aerosolové Spoleénosti)
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PREFACE
Dear colleagues and friends,

It is my great pleasure, as the President of the Czech Aerosol Society (CAS), to welcome
you all to the 24th Annual Conference of the Czech Aerosol Society, held in the heart of
South Moravia, in Hustopece - at the Wine Wellness Hotel Amande.

Last year’s event marked the pilot joint conference of the CAS Annual Conference
and the “Ovzdusi” (Air) Conference, titled “Ovzdusi v CASe”, which we organized in
collaboration with RECETOX Research Infrastructure and under the auspices of
ACTRIS Research Infrastructure. This new format resulted in a higher attendance and
the participation of colleagues who had not regularly taken part in previous CAS
conferences. However, as there is always room for improvement, we would like to
continue our efforts to motivate participation from colleagues in related fields and
possibly even representatives of legislative bodies. In this regard, I would like to
encourage you to share information about the conference with your colleagues and
collaborators, even if they are not directly involved in your field. Their expertise may offer
valuable perspectives or foster interesting collaborations and partnerships.

As you have surely noticed, this year’s conference also comes with several
organizational updates. We have introduced a new online registration form and,
following feedback from last year’s post-conference survey, we are piloting a poster
session for the first time. [ would again like to ask for your cooperation and encourage
you to fill out the post-conference survey you will receive after the event. Your feedback
helps us improve the organization and overall experience to better meet your
expectations.

Since the beginning of this year, a new CAS Board (its composition is available on our
website) has been working, as elected during last year’s members’ meeting. The board
maintains continuous communication, and all its members actively contribute to the
smooth operation, visibility, and growth of the society. I would like to take this
opportunity to thank all board members for their excellent cooperation over the past
year and to express my enthusiasm for the challenges that lie ahead of us.

One of the major ongoing projects is the development of new CAS webpages. The
committee has also continued its intensive preparations for hosting the European
Aerosol Conference (EAC) 2028 in Prague. During these preparations, some
adjustments were made, particularly concerning the conference venue. I will briefly
update you on these topics during the CAS Members’ Meeting, which will take place on
Tuesday, November 11, 2025, immediately after the conference program concludes.

Following the tradition of the past two years, we will again welcome distinguished
guests delivering plenary lectures. This year, there will be two plenary talks — one
on Monday morning (November 10, 2025) and another on Tuesday morning
(November 11, 2025). Continuing the line of previous esteemed speakers, Prof. Philip
Hopke and Prof. Alfred Wiedensohler, we are honored this year to host Dr. Martin
Gysel-Beer (PSI, Switzerland) and Prof. Gerhard Lammel (Max Planck Institute,
Germany).

Dr. Gysel-Beer focuses primarily on the physical (optical) properties of aerosol
particles in relation to better understanding their impacts on climate (reducing
measurement and prediction uncertainties) and human health (improving environmental
quality). Prof. Lammel specializes in the chemistry of trace organic compounds, their
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exchange between air, water, and soil, and their environmental exposure pathways and
health impacts.

Finally, I would like to extend my sincere thanks to all sponsors of the
“Ovzdusi v CASe” conference — Altium, Biowell (Dekati), ECM ECOMONITORING, and
TSI. Representatives of these companies will be present throughout the conference,
providing opportunities to discuss topics of mutual interest. Some of them will also
contribute with technical presentations as part of the program.

And of course, I must not forget to thank this year’s proceedings editor, Jana
Kanska - thank you!

[ look forward to meeting you all personally in Hustopece. As always, your ideas,
feedback, comments, and praise are most welcome.

Yours sincerely,

Jakub Ondracek (President of the Czech Aerosol Society)

CAS members participating at EAC 2025 in Lecce, Italy.
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DLOUHODOBY VLIV DALKOVEHO TRANSPORTU NA POZADOVOU UROVEN
ZNECISTENI VE STREDNi EVROPE

Radek Lhotkal, Jan Pacner?, Adéla Holubova Smejkaloval

1 Cesky hydrometeorologicky tistav, Observatoi Kosetice, Ceska republika,
radek.lhotka@chmi.cz

Klicova slova: Atmosférické aerosoly, Plynné polutanty, Hysplit, Theil-Senova metoda
SUMMARY

Influence of long-range transport on air quality measurements at the rural
background station in Central Europe, the National Atmospheric Observatory KoSetice
was investigated over 20 years. Concentrations of selected air pollutants (SO2, NOx, CO,
O3, PM1o, SO,4, YNOs3, YNH4) were analysed in conjunction with basic meteorological
parameters, the evaluation of trend was utilised by the Theil-Sen method. Results indicate
significant negative trends for the prevailing number of air pollutants, with exceptions
such as tropospheric ozone, which remained either unchanged or exhibited increasing
concentrations.

0voD

Kvalita ovzdusi je klicovym faktorem ovliviiujicim lidské zdravi a udrzitelnost
ekosystémi (Seinfeld a Pandis, 2016). Tato studie analyzuje 20letou ¢asovou fadu dat
(2005-2024) kvality ovzdusi na Narodni atmosférické observatoii Kosetice (NAOK -
49°34°24"N, 15°4’49"E, 534 m n. m., venkovska stanice), ktera reprezentuje pozadovou
uroven znecisténi ovzdusi ve stiedni Evropé.

METODY MERENI

Vliv dalkového transportu na mérené vysledky byl hodnocen s vyuzZitim zpétnych
trajektorii vzduchovych hmot spolecné s koncentracemi vybranych znecist'ujicich latek -
oxidu siri¢itého (SO2), oxidl dusiku (NOx), oxidu uhelnatého (CO), piizemniho ozonu (03)
a aerosolovych castic PM1o (PM1o), siranovych iontt (SO,4), sumy dusi¢nanovych ionti
(3NO3) a sumy amonnych iont (};NH4). Vypocet zpétnych trajektorii pomoci Hybrid
Single Particle Lagrangian Integrated Trajectory model (HYSPLIT) byl nastaven
v rozliSeni: 96hodin, GDAS, 1° x 1°, 500 m AGL, 6hodinové intervaly (00, 06, 12, 18 UTC).
Ziskana data byla vyuzita k urceni klastri vzduchovych hmot pro dvé desetiletd obdobi
(2005-2014 a 2015-2024) a pro jednotlivd ro¢ni obdobi. Analyzy a vypocty byly
provedeny v programech R (bali¢ek openair) a Igor (balicek ZeFir). K vypoctu vyvoje
sezonnich trendl byla pouzita Theil-Senova metoda (Theil 1950; Sen 1968). Pro
hodnoceni celkovych trendii a jejich zmén byly zohlednény také meteorologické
parametry, konkrétné teplota vzduchu (T), relativni vlhkost vzduchu (RH) a rychlost
a smér vétru (ws a wd).

VYSLEDKY

Nejvétsi pokles koncentraci byl zaznamenan u SO,*, jejichz priimérné ro¢ni
koncentrace poklesli o 70 %. Vyznamny pokles byl dale zjiStén u NOx, Y}NOs3~, shodné
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0 60 %, PM10 0 50 %, SO2 0 35 % a CO o 25 %. U péti z téchto hodnocenych latek byl
prokazan statisticky vyznamny sestupny trend (p< 0,001) platny napri¢ vSemi ro¢nimi
obdobimi. U SOz byl sestupny trend zaznamenan pouze v jarnim a zimnim obdobi
(p< 0,05), to bylo pravdépodobné ovlivnéno zvysenim koncentraci SO, mezi lety 2020
a2024 025 %. Koncentrace },NH4* poklesly o 20 % se statisticky vyznamnym negativnim
trendem pro léto a zimu (p< 0,05). Koncentrace O3 byly ¢asové a prostorové proménlivé,
pricemz celkové hodnoty ziistaly bez vyznamnéjsich zmén (Obr. 1 a Tab. 1). U vétSiny
hodnocenych veli¢in byl zaznamenan vyznamnéjsi pokles v koncentracich ve druhé
poloviné hodnoceného obdobi (2015-2024).

a)

O
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100%
100%
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100 1 100 1
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40 A 407

20 1 207

Normalizovana data, index 2005
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Obr. 1: Vyvoj koncentraci a) SO, Y:NOs, > NHas, PM10, b) NOx, CO, 03, a SO2 mezi roky 2005
a 2024 na NAOK.
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Tab. 1: Primérné koncentrace hodnocenych veli¢in v (ug-m-3) v letech 2005 a 2024.

pgm3  SO4 YNOs YNHs PMio NOx Co O3 SO2
2005 3,7 4,6 3,2 27,0 10,4 270,0 66,9 3,0
2024 1,0 1,8 2,6 12,6 4,1 200,7 652 2,0

PODEKOVAN{
Tuto praci podpotilo Ministerstvo $kolstvi, mladeZe a t&lovychovy Ceské republiky
v ramci grantl ACTRIS-CZ LM2023030 a ACTRIS-CZ RI
(CZ.02.1.01/0.0/0.0/16_013/0001315).
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RESOLVING SEASONAL DYNAMICS OF AEROSOL SOURCES IN A FINE PARTICULATE
MATTER FRACTION AT A CENTRAL EUROPEAN RURAL BACKGROUND STATION
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INTRODUCTION

Fine particulate matter (PM) has been a key domain of investigation in atmospheric
research due to its complex chemical composition, transport potential, and ability to
penetrate environmental and biological systems, thereby influencing ecosystem stability
and human health (Pope and Dockery, 2006; Péschl, 2005). Varying size fractions within
fine particles are of particular concern as their physicochemical properties, sources, and
atmospheric transformation processes vary considerably with particle size and
meteorological conditions (Seinfeld and Pandis, 2019). Seasonal variability further
modulates their composition through changes in emission patterns, boundary layer
dynamics, and secondary formation pathways (Querol et al., 2004). In this study, we
investigate elemental concentrations in the fine aerosol sub-fraction (1.15-0.35 pm)
sampled at a Central European rural background site across summer and winter, followed
by source apportionment analysis.

METHODOLOGY

Ambient aerosol samples were collected at the National Atmospheric Observatory
KoSetice (49°35'N, 15°05'E; 534 m a.s.l) during summer (July - August 2019) and winter
(December 2019 - February 2020). A Rotating-drum Uniform-size-cut Monitor - 3DRUM
(DELTA Group, UC Davis, USA) was used to isolate the fine particulate fraction of the size
range 1.15 - 0.35 pm.

Elemental analysis was performed using X-ray fluorescence spectrometry (XRF) at
UC Davis, California, USA. Enrichment factors (EFs) were calculated using titanium (Ti) as
the reference to distinguish crustal and anthropogenic contributions. Source
apportionment was conducted using Positive Matrix Factorisation (PMF, EPA PMF 5.0) to
resolve seasonal variability in dominant aerosol sources.

RESULTS, DISCUSSION, CONCLUSIONS
Elemental concentrations in the fine aerosol fraction (1.15-0.35 pm) exhibited clear

seasonal variability, with elevated levels during winter compared to summer for several
elements (Fig. 1). Enrichment factor (EF) analysis, revealed pronounced deviations from
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crustal baselines for elements such as sulfur (S), zinc (Zn), bromine (Br), and lead (Pb),
indicating strong anthropogenic influence.

10°

)

:

107

Concentration (ng/m?)

Al Si S CI K Ca Ti Mn Fe Ni Cu Zn Br Pb
Fig. 1: Variation of elemental concentration across summer and winter.

PMF resolved distinct source profiles across seasons. Crustal sources were among the
dominant contributors during summer, alongside other influencing factors, while winter
showed enhanced signatures of biomass burning as one of the major sources. Factor

stability and elemental fingerprints support robust attribution to regional combustion
and mechanical resuspension.
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WHEN ASHES BECOME AEROSOLS: (CRYPTO)TEPHRA AS A TRACER OF VOLCANIC
FALLOUT AND LONG-RANGE TRANSPORT
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INTRODUCTION

Volcanic eruptions are among the most powerful natural sources of atmospheric
aerosols. During explosive events, large volumes of gases and ash, so called “tephra”, are
injected into the atmosphere and dispersed over vast areas. These fine volcanic particles
interact with climate, ecosystems, and human societies, both in the immediate aftermath
and over long timescales (Lowe, 2011). A prominent case is the Late Pleistocene eruption
of the Laacher See volcano in the East Eifel Volcanic Field (Germany), which occurred
~13,000 years ago. This eruption dispersed ca. 150 Mt of sulfur and ca. 20 km3 of tephra
across much of Central and Eastern Europe and had wide-ranging effects on landscapes,
ecosystems, and human populations: Its fallout disrupted vegetation, altered water
chemistry, and impacted Late Ice Age hunter-gatherer groups across the region (Baales et
al,, 2002; Baldini et al., 2018; van den Bogaard and Schmincke, 1985). While coarse ash
deposits near the source have been extensively studied, detecting the fine ash fraction
(<100 pm), particularly at long distances, remains a challenge. These aerosol particles
become embedded in lake sediments, peat bogs, and other natural archives, where they
serve as both stratigraphic markers invisible to the naked eye and proxies for
atmospheric transport (Davies, 2015). Mapping their distribution helps to reconstruct
eruption dynamics and assess the potential reach and impact of volcanic aerosols on past
environments. In the case of the above-mentioned eruption, mapping is particularly
important as the Laacher See volcano is still active and another major eruption would
have catastrophic consequences (Hensch etal., 2019; Leder et al., 2017). This contribution
outlines the fundamentals of cryptotephra research and highlights the significance of fine
volcanic ash detection for understanding both past and future eruption scenarios.

EXPERIMENTAL SETUP
Cryptotephra analysis relies on the detection of fine volcanic ash particles which are
preserved in sedimentary archives (e.g., lake beds and peatlands). Tephra consists

primarily of volcanic glass shards and crystalline minerals, both of which can be
preserved as microscopic solid particles, often down to only a few microns in size. The
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workflow begins with the retrival of undisturbed sediment cores, typically obtained using
gravity or piston coring systems. In our study, cryptotephra layers of the LST were
identified in Plansee, an alpine lake in the Eastern Alps (Austria), as well as in sediments
from paleolakes and lakes in the Bohemian Forest region (Germany and Czech Republic).
These cores are then sampled at high resolution for both non-destructive and destructive
analyses. Initial screening often involves X-ray fluorescence (XRF) and/or p-XRF core
scanning, complemented by computed tomography (CT) imaging to detect subtle
stratigraphic structures. Suspected tephra-bearing layers are subsequently investigated
using density separation techniques to concentrate volcanic glass. Isolated particles are
mounted on slides and analyzed by scanning electron microscopy with energy-dispersive
spectroscopy (SEM-EDS) to determine their major element composition. Electron probe
microanalysis (EPMA) is used for more accurate and standardized glass geochemistry. In
some cases, for even higher resolution or trace element data, laser ablation inductively
coupled plasma mass spectrometry (LA-ICP-MS) is applied. In cases where glass is scarce
or altered, characteristic minerals are analyzed to support the identification. Automated
scanning approaches, such as with a TIMA (TESCAN Integrated Mineral Analyzer) device,
allow for high-resolution characterization of glass shards and minerals, further enhancing
detection of cryptotephras at very low concentrations. The geochemical fingerprints of
these shards and/or minerals are compared to reference data from other deposits,
allowing researchers to correlate cryptotephra layers across regions and assign them to
specific eruptions. This method is particularly useful for identifying widespread ash from
large explosive eruptions, such as the Laacher See volcano, hundreds to over a thousand
kilometers from the source (Lowe, 2011). In the case of the Laacher See tephra (LST), a
highly distinctive phonolitic composition (silica-rich volcanic glass with elevated K and
Na) provides a robust fingerprint that allows distal deposits to be confidently assigned to
this eruption, even at sites hundreds to over a thousand kilometers from the source (van
den Bogaard and Schmincke, 1985).

RESULTS AND CONCLUSIONS

Our recent cryptotephra investigations in the Alps and adjacent regions have led to
the discovery of LST deposits at several distant sites over 400 km from the eruption
source. These findings challenge earlier assumptions that the dispersal of LST was largely
confined to the northeast and southwest of the Laacher See caldera. Instead, our results
indicate a broader and more complex fallout pattern, including previously undocumented
deposition to the east of the volcano (e.g., in the Bohemian Forest; Meier et al., 2025) and
even in the Eastern Alpine lake Plansee (Austria, Tyrol). A compiled distribution map (Fig.
1) highlights both confirmed LST detections and current gaps in spatial coverage. While
some of the new sites such as Plansee exhibit glass concentrations near detection limits,
their geochemical fingerprints match the LST reference composition.

Cryptotephra layers are valuable chronological markers in environmental archives.
Their precise geochemical fingerprint allows researchers to correlate sedimentary
sequences across vast regions and across different settings, from continental over marine
to ice core deposits, enabling the synchronization of paleoclimate- and
paleoenvironmental records (e.g., Warken et al., 2025). However, understanding the
spatial distribution of tephra deposition, especially the long-range transport of the fine
tephra fraction, remains a major challenge, and is critical for improving the temporal
resolution and reliability of these reconstructions. In this context, methods and models
from atmospheric aerosol science offer promising opportunities. Better characterization
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of particle transport and fallout dynamics, informed by aerosol modeling approaches,
could significantly enhance cryptotephra studies and support more robust
interpretations of past volcanic events. Our findings so far indicate that the Laacher See
eruption may have caused environmental changes over a larger area than previously

thought.
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Fig. 1: LST distribution map based on the tephrabase website data (Riede et al.,
2011), the outer detection limits of the distal fallout estimated by van den Bogaard and
Schmincke (1985) (shown in purple), our results, and a reconstructed Late Ice Age
palaeogeography (Riede, 2016). Yellow triangle: the Laacher See volcano; black dots:
LST air-fall deposits; blue dots: LST air-fall deposits in the Bohemian Forest; white dots:
LST air-fall deposits in the Alpine Foreland; red dot: LST air-fall deposit in the Eastern
Alps; red curve: the border between the Western Alps and Eastern Alps.
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INTRODUCTION

Atmospheric aerosol particles play a crucial role in cloud formation by acting as cloud
condensation nuclei (CCN), influencing the Earth's radiative balance and hydrological
cycle. The ability of aerosols to serve as CCN depends not only on their number
concentration but also on their physical and chemical properties, as well as their mixing
state (Mochida et al., 2010). Hygroscopicity, which describes a particle’s ability to absorb
water, is a fundamental property that governs aerosol behavior in the atmosphere. Since
aerosol hygroscopic properties evolve throughout their atmospheric lifetime,
understanding these changes is essential for assessing their role in cloud activation. This
study presents a comprehensive analysis of aerosol physical, chemical, and activation
properties measured at the ACTRIS (Aerosol, Clouds, and Trace Gases Research
Infrastructure, http://www.actris.eu/) background site in KoSetice (NAOK), Czech
Republic. Our primary objective is to improve the understanding of aerosol activation
processes and ambient hygroscopic properties, with a particular focus on how chemical
composition influences CCN activity.

EXPERIMENTAL SETUP

Atmospheric aerosol measurements were conducted at the National Atmospheric
Observatory KoSetice (NAOK; 49 35'N, 15 05' E; 534 m a.s.l.), a rural background site
in the Bohemian-Moravian Highlands region. This study focuses on aerosol particles'
physicochemical properties and activation ability using the data collected at NAOK from
December 2022 to November 2023.

A compact time-of-flight aerosol chemical speciation monitor (ToF-ACSM, Aerodyne)
was used to measure the chemical compositions of the non-refractory submicron aerosol
particulate matter (nitrate, sulfate, chloride, ammonium, and organics). The mass
concentration of equivalent black carbon (eBC) was measured using the Aethalometer
(AE33, Magee). The condensation particle counter (CPC, model 3775, TSI) was used to
measure the total number concentration (NCPC) of atmospheric aerosol and the cloud
condensation nuclei counter (CCNC, model 200, Droplet Measurement Technologies) was
used to measure the CCN number concentration (NCCNC).
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The total activated fraction was obtained by getting the ratio of NCCNC over NCPC at
every supersaturation (SS) level. At fully stabilized CCNC conditions, five different SS
levels were set in the CCNC instrument (0.1 %, 0.2 %, 0.3 %, 0.5 %, and 1.0 %). A complete
SS cycle lasted ~ 1 hour.

The hygroscopicity (k) was derived from the ACSM chemical composition
measurements using the Zdanovskii-Stokes-Robinson (ZSR) mixing rule combined with
k-Kohler theory (Petters and Kreidenweis, 2007). A simple ion-pairing scheme (Gysel et
al., 2007) was used in this study, with the kx and p values of chemical species adopted by
Wu et al. (2015). A k of 0.1 was used for particulate organics (Gunthe et al,, 2011). For
black carbon, a k of 0 was used (Schmale et al., 2018). The GDAS (Global Data Assimilation
System) meteorological data in 1°x1° spatial resolution were downloaded and back
trajectories were calculated and clustered using the Hybrid Single Particle Lagrangian
Integrated Trajectory (HYSPLIT) model (Stein et al., 2015).

RESULTS AND CONCLUSIONS

The CCN activation ratios (AR) increase with increasing supersaturation (SS) across
all clusters of air masses (Fig. 1). Higher SS allows a broader range of particle sizes and
compositions to activate into cloud droplets. However, at low SS (0.1 - 0.3 %), clusters
originating from the Atlantic region (Cluster 3) exhibit slightly higher AR, while Eastern
European clusters (Cluster 1) show the lowest activation efficiency. This suggests that
particles from Eastern Europe are less hygroscopic or smaller, requiring higher SS to
activate. In contrast, oceanic air masses contain more hygroscopic aerosol species, caused
by more oxidized (and therefore more polar) organic aerosol, which activate more readily
at lower SS.
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Fig. 1: CCN activation ratio as a function of supersaturation for different clusters. Each box
represents the interquartile range (IQR: Q1-Q3), the median (QZ2), and whiskers (5th and
95th percentiles).
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At higher SS (0.5 to 1.0 %), the differences among clusters become less pronounced,
as more particles across all sizes and compositions reach activation. Nonetheless, oceanic
air masses still trend slightly higher in activation efficiency, which aligns well with the
higher x values (Fig. 2). Hygroscopicity plays a key role in CCN activation, as higher k
values generally reflect a greater fraction of soluble inorganic species, such as sulfates and
nitrates, which readily take up water. The k values, derived from aerosol chemical
composition, indicate that Cluster 3 has the highest average k, followed by Cluster 2
(Western Europe), and the lowest in Cluster 1.
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Fig. 2: Particulate matter composition and hygroscopicity across clusters. Each box
represents the interquartile range (IQR: Q1-Q3), the median (QZ2), and whiskers (5th and
95th percentiles).

In Cluster 1, the dominance of organic matter (which is typically less hygroscopic)
and a lower proportion of inorganics contributes to the reduced x and, consequently,
lower CCN activation efficiency. Additionally, Cluster 1 shows relatively higher variability
and contributions from combustion-related species, as equivalent black carbon from
fossil fuel combustion (eBCf) and biomass burning (eBCsb), which further reduce the
particles’ ability to act as CCN.

In contrast, Cluster 3 is influenced by marine or cleaner air masses, which are often
enriched with more hygroscopic inorganic aerosols and have lower concentrations of
organics and black carbon. This composition enhances CCN activation, especially at lower
SS, indicating the presence of larger and more soluble particles.
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INTRODUCTION

Black carbon (BC) typically contributes around 5-10% to atmospheric aerosol. BC is
of major relevance for several reasons: first, BC is associated with adverse health impacts
(Janssen etal, 2012); second, BC is the main contributor to absorption of incoming visible
solar radiation (Bond et al, 2013) thus exercting radiative forcing and affecting
atmospheric dynamics and precipitation (Samset et al., 2022); third a major portion of BC
originates from anthropogenic sources (Zhang et al., 2025).

Here we address experimental approaches to quantify different properties of black
carbon which are relevant to its lifecycle and the magnitude of its atmospheric impacts.
This includes the effects of changes in morphology and mixing state on its efficiency to
absorb solar radiation (Romshoo et al.,, 2021) and to act as cloud condensation nuclei
(Juranyi et al, 2013). A major focus will be put on the inverse problem of aerosol
polarimetry, illustrated in Fig. 1, for two reasons. First, detection of angular distribution
of light scattered by an aerosol is essentially the only approach which allows remote
sensing of aerosol properties in a more comprehensive manner including light absorption
(Dubovik et al, 2013). Second, light absorption retrieval is known to be prone to
systematic bias (Schuster et al, 2019). These topics will be presented based on
experimental work in laboratory and field studies.

Forward
Problem

Angular
distribution of

scattered light

Inverse
Problem

Fig. 1: The inverse problem of aerosol polarimetry is about retrieving aerosol
properties from measurement of angular and polarisation dependence of light scattered
by this aerosol.

METHODOLOGY

Several aspects of experimental and numerical methods will be addressed. This includes
methods to measure BC mass concentration, mixing state and light absorption, which
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serve to determine its mass specific light absorption coefficient (MAC). In context of
nucleation scavenging of BC to form cloud droplets, the value of applying methods based
on quantitative single particle detection will be demonstrated. Instruments enabling in-
situ aerosol polarimetry will obtain particular attention (e.g. Moallemi et al., 2023, and
references therein). Classification of light absorbing carbonaceous particulate matter
(PM) will also be touched upon (Fig. 2; Corbin et al, 2019), given this is crucially
important for a consistent framework to interpret experimental data and to simulate light
absorption by an atmospheric aerosol.

“LAC” is defined as (particulate) matter which:
* contains carbon and
* absorbs light

A

Light Absorbing Carbon (LAC)

Classification by optical properties (colour):
black | brown

Black Carbon (BC) Brown Carbon (brC)

Soot BC Char BC Tar BrC Soluble BrC
\ J\ J

5 . /|
it T

classification by particle shape:
aggregate | cenosphere

classification by solubility:
insoluble | soluble
Fig. 2: Classification of light absorbing carbonaceous particulate matter (LAC-PM)
following Corbin et al. (2019).

RESULTS, DISCUSSION, CONCLUSIONS

The interaction of a particle with light depends strongly on its size, shape and internal
morphology. Light scattering is very sensitive to these properties. By contrast, light
absorption is less sensitive to these properties, which makes it possible to approximate
the light absorption coefficient as product of mass concentration times MAC. However,
this only is an approximation. This is, for example, reflected in enhancement of the MAC
of BC as it becomes internally mixed with non-absorbing PM during its atmospheric
lifecycle. Results from field and laboratory studies demonstrating that this effect indeed
occurs in line with theoretical expectations will be presented (Yuan et al.,, 2021).

The mixing state of black carbon also is crucially important for its ability to act as
cloud condensation nuclei given the combined effect of larger size and increased
hygroscopicity due to coatings with at least partially water-soluble PM. Results from
laboratory and field experiments demonstrating these effects will be presented (Motos et
al,2019). This includes a discussion based on a recent field study of the importance of the
actual cloud formation regime on resulting BC scavenged fraction, i.e. CCN limited versus
cooling rate limited regime (Reutter et al., 2009),

Inverse problems are often ill-posed for different reasons. However, this limitation
does not apply for the inverse problem of aerosol polarimetry in case of simple aerosols,
i.e. if all particles have the same composition, a unimodal size distribution and spherical
shape. This has been demonstrated with theoretical information content analyses
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(Moallemi et al, 2022). Furthermore, a recent study by Xu et al. (2025) demonstrated that
this also applies for bare BC aggregate particles and retrieval of their light absorption,
when considering the effects of aggregate morphology in the optical kernel of the retrieval
algorithm. However, atmospheric aerosols are quite complex ensembles containing
particles of different shape, composition, and mixing state. The hypothesis put down here
is that making an optimal choice for the aerosol model and optical kernel will make it
possible to retrieve aerosol properties more reliably when solving the inverse problem of
aerosol polarimetry (Fig. 3). Results from controlled laboratory as well as unconstrained
field measurements will be used to presetend where we currently stand in this endavor.

Increasing complexity of the aerosol sample

Non-absorbing Light-absorbing  Light-absorbing Internally mixed External mixture Atmospheric
spheres spheres BC aggregates BC aggregates of different aerosol
Particle types ® ]
e g
‘ B (]
D ® L 4 o A orree ¥ 0
& Ny e o0 W
\ ) . ) N °c
Y Y Y
Basic Mie theory kernel Simple DLA-MSTM kernel Hypothesis: optimal selection of aerosol model & optical
with multiple parameters with multiple parameters forward kernel can improve light absorption retrieval from
for the size distribution for the size distribution polarimetric retrievals.
\ J A J e A J
Y Y Y
Accurate! | Room for improvement?

Fig. 3: Aerosol polarimetry is a very powerful tool for indirect measurement of aerosol

properties through light scattering for spherical particles. However, optimal choice for

aerosol parameters and optical forward kernel becomes critical for accurate property

retrieval of atmospheric aerosols, which are an ensemble of particles with varied size,
shape, composition and mixing state.
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INTRODUCTION

International monitoring programmes recommend measuring aerosol optical
properties at relative humidities (RH) below 40% to ensure comparability between
atmospheric stations worldwide (WMO/GAW, 2016). However, aerosol hygroscopicity —
the ability of particles to take up and retain water vapor — significantly alters their
physical, chemical, and optical properties, thereby influencing their climate impacts
(Burgos et al,, 2019; Zieger et al., 2015). The light scattering enhancement factor, f(RH >
80%), quantifies the increase in aerosol scattering under humidified conditions relative
to dry conditions (Titos et al., 2021).

METHODOLOGY

In this study, we introduce a novel single-nephelometer setup designed to reduce
measurement uncertainty and reliably detect changes in aerosol light backscattering
under elevated RH, f{RH >80%)bsp. Ambient aerosols were sampled through a PM; inlet,
dried (<40% RH), and split into two streams: one remained dry, while the other was
humidified (>80% RH) using a Nafion membrane. The Integrating Nephelometer TSI 3563
alternately measured dry and humidified samples every 60 min to obtain total and
backscattering coefficients at three wavelengths. The system was deployed at the ACTRIS
urban background site in Prague (50°07’'N, 14°23’E) from November 2022 to August
2023. The derived f{RH > 80%) and f{RH > 80%])bvsp values were analyzed together with
meteorological parameters, estimated chemical composition, particle number size
distributions (PNSD), air mass back trajectories, and new particle formation (NPF) events
to assess hygroscopic behavior in an urban European environment.

RESULTS, DISCUSSION, CONCLUSIONS

Both f(RH > 80%) and f{RH > 80%)bsp exhibited some of the lowest values reported
in the literature, indicating modest hygroscopic growth of aerosol light scattering at the
site. Water uptake by particles increased the single scattering albedo (SSA; Fig. 1B),
reflecting enhanced total light scattering. Conversely, a decrease in the backscattering
fraction (b; Fig. 1A) with increasing RH suggested stronger forward scattering due to
particle growth. Both effects are critical for accurate estimation of the aerosol direct
radiative effect.
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Fig. 1: The monthly variation of A) hemispheric backscattering ratio (b) and B) single
scattering albedo (SSA) at dry and humidified conditions at 550 nm. The lines with shaded
areas and triangles represent median values with interquartile range and mean values,
respectively. A colored background depicts individual seasons with relative change
between humidified and dry median values.

The weak hygroscopic response was attributed to a dominant carbonaceous aerosol
mixture, primarily black (BC) and brown (BrC) carbon, with occasional dust or marine
aerosol influence. Both f{RH > 80%) and f(RH > 80%)bsp were positively correlated with
the ratio of secondary organic carbon (SOC) to total OC. Principal component (PCA) and
PNSD analyses revealed the relative contribution of NPF to the observed hygroscopic
scattering enhancement.

In conclusion, the single-nephelometer system was proven to reliably quantify RH-
dependent changes in aerosol light scattering in the ambient atmosphere. Its main
limitations were the reduced temporal resolution and the absence of simultaneous
dry/humidified measurements, restricting its use for detailed humidogram analyses.
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INTRODUCTION

Atmospheric aerosols (AAs) have a wide range of sizes, are emitted by various
sources, and can have very different physical and chemical properties (Calvo et al. 2013;
Colbeck 2008), making them one of the most uncertain components for climate models
and weather forecasts (IPCC 2021). One of their roles is to act as condensation nuclei for
water droplets (Cloud Condensation Nuclei, CCN) and ice crystals (Ice Nucleation
Particles, INP) (Tao etal., 2014; Liu et al,, 2021) during cloud formation. This process can
occur near the ground in cases of fog, as well as at higher altitudes in the troposphere and
stratosphere.

We aim to establish new INP parameterizations for central Europe based on online
INP measurements at the National Atmospheric Observatory Kosetice (NAOK) to better
estimate the solid fraction of hydrometeors in the clouds. The presented study serves as
a preliminary work and investigates the vertical distribution and representativeness of
aerosol number size concentration, chemical composition, as well as parameterized INP
concentration.

METHODOLOGY

We measured the aerosol number size distribution by Mobility and Aerodynamic
Particle Sizer Spectrometers (MPSS and APSS), covering aerosol with mobility diameters
from 10 to 800 nm and aerodynamic diameters from 0.5 to 10 pm. Aerodynamic
diameters determined by APSS were then converted to mobility diameters assuming a
particle density of 1.5 g-cm-3. Two pairs of those instruments were installed at NAOK,
sampling at 4 m and 230 m above the ground. The four instruments were able to measure
simultaneously for 770 hours during December 2024, April, and May 2025. Data sets from
MPSS and APSS were combined to calculate the total number concentration of aerosols,
as well as the number concentration of aerosols with a mobility diameter greater than 0.5
pum. From the aerosol concentration, INP concentration was calculated through the
parameterization from DeMott et al. (2010), as:

N, = a(273.16 — T},)? * n(C(273.16—Tk)+d), 0

aer,0.5

with constants g, b, ¢, and d being 0.0000594, 3.33, 0.0264, and 0.0033, Tk the temperature
in Kelvin, NNy, the INP number concentration in std L-1, and neero.5 the concentration of
aerosol with mobility diameter > 0.5 pm in std cm-3.
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The boundary layer height (BLH) from ERA5 reanalysis was used to retrieve free
troposphere measurement periods from the tower top, resulting in 407 hours of free
tropospheric measurements out of 770 hours. We also used 72-hour HYSPLIT
backtrajectory analysis to get insight into air mass origins.

RESULTS

The total particle number concentration is 44 % higher near the ground (Figure 2a),
while the difference for large particles is 162% (Figure 2b). At 230 m above ground, total
and large particle number concentrations decrease by 7 % and 13 % when measured in
the free troposphere. Near the ground, concentrations react differently to the lowering of
the BLH. The total particle number concentration is lower by 15 % when the BLH is higher,
while the concentration of large particle numbers is 22 % higher. The number
concentration of INP follows the behavior of large particle concentration, as specified in
the parameterization input.
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Figure 2: a) Total particle number concentration box plot at different heights depending
on the boundary layer height. b) Idem for particle number concentration with a mobility
diameter > 0.5 pm.

We observe, depending on the Tk used, INP number concentrations between 47% and
160% higher at the bottom of the tower compared to the tower top. At both heights, the
INP number concentration decreases for lower BLH (between 8 and 20 % at 4m and
between 5 and 12 % at 230m).
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INTRODUCTION

Atmospheric aerosols affect climate, visibility, human health, and ecosystems
(Dockery etal., 1993; Charlson et al., 1992; Ackerman et al., 2000). Their impacts strongly
depend on chemical composition and vertical distribution within the boundary layer.
Most studies remain surface-focused, limiting understanding of vertical variability. This
study addresses this gap through dual-height chemically resolved aerosol observations at
a rural background observatory located in the Czech Republic.

METHODOLOGY

Simultaneous measurements were conducted at 4 m and 230 m on a 250 m tall tower
at the National Atmospheric Observatory KoSetice (NAOK) (Dvorska et al., 2015) between
December 2019 and May 2020. Aerosol chemical composition was quantified using a
compact Time-of-Flight Aerosol Mass Spectrometer (AMS, 230 m) and a Time-of-Flight
Aerosol Chemical Speciation Monitor (ACSM, 4 m). The key aerosol components analyzed
are organics (0rg), sulfate (S0,%7), nitrate (NO3~), ammonium (NH,*), and chloride (Chl).
Additional elemental, organic, and equivalent black carbon (EC, OC, eBC, respectively)
were obtained from semi-continuous Sunset OCEC analyzers at both heights.
Meteorological parameters, mixing layer height, and synoptic circulation types were
integrated to analyse the factors influencing vertical variability.

RESULTS

The findings reveal that while the boundary layer is generally well-mixed, most
aerosol components show higher concentrations near the surface (4m), with vertical
ratios (230m/4m) typically between 0.5 and 0.8 (Figure 1). However, episodes of elevated
concentrations at 230m highlight the role of atmospheric dynamics and vertical transport
mechanisms. The carbonaceous aerosols (Org, EC, OC, eBC) consistently exhibited strong
surface dominance, especially in winter under shallow boundary layers and thermal
inversions. Secondary inorganic species (SO,%~, NO3;~, NH,*) showed weaker vertical
gradients and episodes of higher concentrations aloft during spring, indicating enhanced
photochemical formation and regional-scale transport. Chloride was episodic,
occasionally enriched at 230 m, suggesting the influence of biomass burning or long-range
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transport. Vertical ratios and gradients highlighted the key role of mixing layer height and
temperature gradient in shaping distributions. At the same time, air-mass clusters and
synoptic regimes also modulated the relative importance of local versus transported
aerosol.
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Fig. 1: Seasonal boxplots of vertical concentration ratios (230 m / 4 m) for major
aerosol components during winter (left) and spring (right). The dashed line at 1.0
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INTRODUCTION

During a new particle formation (NPF) event, gas molecules cluster, stabilize, and
grow into aerosol particles. To investigate its mechanismes, it is crucial to study NPF from
the very beginning, when particles are only a few nanometers in size (Manninen et al,,
2016).

The Neutral Cluster and Air lon Spectrometer (NAIS) is one instrument capable of
measuring such small particles. This multichannel aerosol instrument measures charged
particles and cluster ions of both polarities in the electric mobility range of 3.2 to 0.0013
cm?-V~1.s71, as well as the distribution of aerosol particles in the size range from 2 to 40
nm. (Mirme & Mirme, 2013)

METHODS

Measurements are conducted at the National Atmospheric Observatory Kosetice
(NAOK), a rural background site. An important component of this facility is a 250-meter
high atmospheric tower, which enables continuous observations across different levels of
the atmospheric vertical profile. For our study, two Neutral cluster and Air Ion
Spectrometers (NAIS) have been installed at the site—one at ground level and the other
at 230 meters above ground level. This setup allows for a direct comparison of particle
and ion concentrations near the surface and in the upper part of the atmospheric
boundary layer (ABL), providing deeper insight into new particle formation dynamics. In
addition, the top of the tower occasionally extends above the ABL, which makes it possible
to observe differences between the air within the ABL and in the free troposphere.

Complementary meteorological and environmental data, essential for the
interpretation of the measurements, are provided under Open Access to infrastructure
ACTRIS-CZ. These include air temperature, humidity, precipitation, wind speed and
direction, solar radiation, and carbon monoxide (CO) concentrations. Together, these data
enable a comprehensive evaluation of the influence of meteorological conditions and
atmospheric composition on the observed processes.
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RESULTS

The data collected by the NAIS instruments over several weeks have been
measured, processed, evaluated, and compared to meteorological parameters. Based on
this comparison, new particle formation (NPF) events were identified and evaluated,
focusing on the atmospheric conditions that influence their initiation and subsequent
development.
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INTRODUCTION

Vehicle exhaust remains a major source of urban particulate matter (PM), yet the
toxicological effects of cold-start emissions under subfreezing conditions are
insufficiently understood. Low ambient temperatures impair combustion efficiency,
increase unburned hydrocarbons and nitrogen-containing species, and alter particle
composition. Recent toxicological work (Hakkarainen et al., 2020, 2024) demonstrated
that fuel aromatic content, exhaust after-treatment, and operating temperature
remarkably influence emission toxicity. Using a thermophoresis-based air-liquid
interface exposure of A549/THP-1 co-cultures, they showed that higher aromatic content
and colder engine operation enhance the toxic potential of exhaust aerosols.

Within the Horizon Europe project PAREMPI we build on this research to investigate
how subfreezing cold-start emissions from light-duty vehicles affect human airway
epithelial cells (3D MucilAir™ model), comparing toxicity at +23 °C and -9 °C.

METHODOLOGY

Five vehicles with different Euro classes and exhaust after-treatment systems were
tested under Real Driving Emission (RDE) simulation cycle (Tab. 1). Complete exhaust
was delivered directly to MucilAir™ 3D human bronchial epithelial cultures using a
portable toxicity incubator (Vojtisek-Lom et al, 2019, 2025). The RDE cycle lasted 72
minutes per exposure, with two consecutive exposures per test vehicle, followed by a 24-
hour recovery period before analysis. Clean-air and blank controls were included in each
experimental batch to account for background effects.

After exposure, cellular endpoints were evaluated to characterise multiple levels of
toxicity. Cytotoxicity was determined by adenylate kinase and lactate dehydrogenase
assays in cell culture medium, while barrier integrity was measured as transepithelial
electrical resistance (TEER). Oxidative stress was assessed via isoprostane levels, and
genotoxicity was evaluated using the Comet assay and phosphorylation of the histone
variant H2AX.

For transcriptomic profiling, total RNA was isolated and analysed by RNA sequencing,
followed by differential expression analysis. The transcriptomic data were analysed in
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three complementary ways to capture both vehicle-specific and temperature-related
effects. First, each vehicle was compared individually to its corresponding control to
evaluate the overall transcriptional impact of exhaust exposure. Second, data from all
vehicles were combined to test the collective effect of different temperature conditions,
comparing emissions generated at +23 °C and -9 °C. Finally, two technologically
contrasting vehicles (V1 (Euro 6 gasoline PHEV) and V6 (Euro 4 diesel without DPF))
were directly compared between temperature conditions to identify common molecular
responses characteristic of subfreezing operation.

Tab. 1: Description of vehicles used for toxicity testing

ID Fuel Specificity Euro class
V1 Gasoline PHEV! 6d
V3 Gasoline - 6d
V4 Diesel - 6d
V5 Gasoline No GPF2 6b
V6 Diesel No DPF3 4

(*Plug-in hybrid electrical vehicle; 2gasoline particulate filter; 3diesel particulate filter)

RESULTS, DISCUSSION, CONCLUSIONS

Cytotoxicity was generally low under all conditions (cell viability > 80 %), but cold-
conditions exhaust caused more pronounced cellular effects than emissions at +23 °C. A
small but consistent decrease in TEER was seen for diesel vehicles (V5 and V6) at -9 °C,
indicating a mild disturbance of epithelial barrier function. Oxidative stress increased at
lower temperature, particularly for gasoline vehicles (V3 and V5) and one of the diesels
(V4). Genotoxicity remained low overall, but the older Euro 4 diesel (V6) showed a mild
DNA damage signal under cold conditions.

V1 V6
(Euro 6, gasoline PHEV) (Euro 4, no DPF, diesel)
-9°C vs 23°C
- —E
V1 V6
145 12 146
72 common

differentially expressed genes
for both vehicles

Fig. 1: Comparison of transcriptomic responses to subfreezing operation (-9 °C vs
+23 °C) for two vehicles representing opposite technologies: V1 - Euro 6 gasoline plug-in
hybrid electric vehicle (PHEV) and V6 - Euro 4 diesel vehicle without diesel particulate
filter (DPF). Seventy-two genes were commonly regulated in both vehicles, indicating a
shared molecular response.
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Transcriptomic analysis clearly reflected the temperature effect. When all vehicles
were considered together, 1 563 genes were upregulated and 916 downregulated at -9
°C compared to +23 °C. Two vehicles at the technological extremes (the Euro 6 hybrid
(V1) and Euro 4 diesel (V6)) shared a set of 72 differentially expressed genes, mostly
related to interferon signalling and antiviral defence (Fig. 1). This pattern suggests that
the MucilAir™ model recognized the exposure as a viral-like challenge, activating immune
stress pathways.

Altogether, these findings indicate that subfreezing operation enhances the biological
impact of vehicle emissions, even for cars with advanced emission controls. The activation
of antiviral and stress-response pathways points to a potential link between cold-season
emissions and increased respiratory vulnerability observed in epidemiological studies.
Incorporating low-temperature testing into toxicological and regulatory evaluations is
therefore essential for a more realistic assessment of health risks associated with real-
world traffic emissions.
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INTRODUCTION

Air pollution is one of the significant ongoing environmental challenges. According to
European Environment Agency, almost 240 000 premature deaths in Europe are
attributable to exposure to fine particulate matter (PM) (EEA, 2024). The new European
Union air quality legislation, effective from 2030, will pose a major challenge for member
states, including the Czech Republic, to meet the updated standards. Based on data from
2023, only about 59% of monitoring stations are expected to comply with the future EU
limits. This highlights an urgent need to reduce air pollution levels, particularly in urban
areas (EEA, 2025).

The main sources of these pollutants are anthropogenic activities. Approximately
45% of urban PM originates from traffic and residential heating (Karagulian et al., 2015).
Road dust represents a major component of non-exhaust particulate emissions from
traffic. It consists of accumulated particles on road surfaces that are resuspended into the
ambient air under dynamic conditions such as vehicle movement, wind, and other
mechanical disturbances (Chen et al.,, 2023). The properties and concentrations of road
dust are strongly influenced by traffic flow, road surface characteristics, meteorological
conditions, and other external factors.

The aim of this study was to characterize road dust at an urban intersection during
the summer period. For this purpose, ambient air concentrations of selected pollutants
were measured, together with traffic intensity and meteorological parameters. Based on
these data, the influence of traffic and seasonal conditions on road dust levels was
evaluated.

METHODOLOGY

Sampling of ambient air pollutants was conducted in Brno, at the intersection of
Sportovni and Pionyrska streets (49.209311, 16.609059). This intersection is located
near the city center, in a predominantly residential area. It connects two four-lane roads
and is surrounded by diverse urban features: a large city park on the Pionyrska side,
residential buildings and a school on two sides, and a parking area on the fourth side.

Concentrations of gaseous pollutants (NO,, CO, SO,) and particulate matter fractions
(PMyo, PM,.5, and PM;), as well as meteorological parameters (wind direction and speed,
temperature, humidity, and soil temperature), were measured using a specialized
monitoring vehicle operated by the City of Brno. The vehicle is equipped with standard
instrumentation for air quality monitoring.

Particulate matter concentrations were determined by an optoelectronic method
using a calibrated Palas device, with the sampling inlet positioned approximately three
meters above ground level. The sampling frequency was set to 10 minutes. The
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measurement vehicle was positioned in the courtyard of the Str‘edni priimyslovd skola
chemickd (49.209356, 16.608090), approximately 70 meters from the center of the
intersection. In addition, two low-cost EnviDust sensors were installed on the vehicle to
test their performance under real urban conditions.

Traffic intensity and trajectory-based monitoring were evaluated using the
TrafficCamera and FLOW software frameworks developed by DataFromSky. These tools
enable detailed analysis of traffic scenes, including vehicle classification, counting, and
trajectory tracking. The monitoring was based on video footage obtained from cameras
installed at the intersection.

Data from both pollutant measurements and traffic monitoring were processed and
statistically evaluated using Microsoft Excel and Python.

AUTOMATICKY
SYSTEM MERENI 3
KVALITY OVZDUSI

Fig. 1: a) Specialized air quality monitoring vehicle operated by the City of Brno: (1)
meteorological sensors, (2) EnviDust low-cost sensors, and (3) instruments for gaseous

pollutants and particulate matter measurements. b) Schematic representation of the
intersection of Sportovni and Pionyrska streets.

-

RESULTS, DISCUSSION, CONCLUSIONS

Long-term monitoring data were collected to determine PMy and NOy concentrations.
Each period of the day was averaged from 10-minute intervals to enable interpretation of
the daily cycle. Figure 2 shows a bimodal distribution, with peaks corresponding to
morning and afternoon rush hours.

NOy concentrations, primarily influenced by exhaust emissions, showed a significant
correlation with PM, levels, which originate from a wider range of sources. As the
measurements were conducted during the summer season, it can be assumed that NO,
concentrations mainly reflect traffic emissions, with minimal contribution from
residential heating. This relationship was consistent throughout the week (see Fig. 3).

Lower NOy concentrations were observed during weekends, whereas particulate
matter levels remained relatively stable. This may be attributed to emissions from
outdoor grilling and recreational activities in the nearby park located close to the
intersection.

A slight shift in rush-hour dynamics was also observed during the summer period.
While the highest traffic peaks in winter typically occur around 15:00 and 18:00 (Linda et
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al.), during summer the maxima shifted to later hours, between 19:00 and 21:00. This
change is likely associated with increased evening activities, such as concerts and public
events, held in the adjacent park.
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This study examined the behavior of road dust during the summer season, with a
focus on the influence of traffic on particulate matter (PM) concentrations. The findings
indicate a strong correlation between traffic intensity and PM levels, accompanied by a
shift in rush-hour peaks characteristic of the summer period.
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INTRODUCTION

Alongside pollutant monitoring, the Air Quality Department of the Czech
Hydrometeorological Institute‘s Brno branch also focuses on research activities. An
example of this is the use of the SEM/EDX method for the morphological and elemental
analysis of suspended particles (Particulate Matter, PM). PM consists of a mixture of solid
and liquid organic and inorganic particles of various chemical compositions, sizes, and
origins (Harrison, 2020). They are classified as air pollutants and are subject to ambient
air pollution limits (Czechia, 2012, § 5). Although the SEM/EDX method has limitations,
such as low sensitivity to light elements or lower spatial resolution of EDX, it is a powerful
tool for identifying air pollution sources by combining scanning electron microscopy with
energy-dispersive X-ray spectroscopy. It can be simplified that each major source
produces particles with a characteristic combination of shape and chemical composition
(Bora et al.,, 2021). The concentration and composition of PM depend on many factors,
such as meteorological and dispersion conditions, terrain relief, or the type and intensity
of air pollution sources. This study presents a methodological approach for the analysis
of suspended particulate matter.

METHODOLOGY

For the purpose of PM analysis using the SEM/EDX method, our laboratory utilizes
polycarbonate filters (Isopore™, Merck, s.r.o0.) to collect particles from the air. This type of
filter is used for its flat surface, as fibrous filters pose challenges: particles can become
trapped between individual fibers, making analysis difficult. Sampling is conducted with
a low-volume sampler (Baghirra s.r.o0), usually over a 24-hour period. The samples are
then processed in the scanning electron microscopy laboratory. In the first step, the
samples are coated with gold nanoparticles using a sputter coater (Quorum Technologies
Ltd.) to ensure electrical conductivity. The samples are then placed in the MIRA3
microscope chamber (TESCAN GROUP, a.s.). This is followed by the adjustment and
optimization of the microscope and measurement parameters for the specific sample type
(accelerating voltage, working distance, beam current, etc.) and the selection of the
detector. Typically, we use a secondary electron (SE) detector primarily for observing the
detailed topography of the sample. We also use a backscattered electron (BSE) detector
to display contrast based on atomic number, and an EDX detector (Oxford Instruments
plc) to detect characteristic X-rays for elemental composition analysis. In some cases, a
scanning transmission electron microscopy (STEM) detector is also used to visualize the
internal structure of the particles. In the case of electron beam-sensitive samples, the
LVSTD detector is used.

A fundamental step in the analytical process is the morphological characterisation
of PM, including shape, size, and structure. Another no less critical part of the process
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involves point analysis, which is evaluated using AZtec software (Oxford Instruments plc).
This technique operates by targeting the sample with a focused electron beam at a defined
point, generating element-specific characteristic X-ray radiation. The output provides
weight percentages (wt%) representing the mass contribution of each element within the
analyzed area.

This is followed by a more comprehensive Feature Analysis, a method based on
image segmentation. In this process, a BSE image of the sample is captured, and the
software analyzes the image‘s brightness histogram to separate particle pixels from
background pixels based on a set threshold, which provides a more thorough overview of
the particles in the sample. Based on the input file exported from the Aztec software, the
Airity 8.0 web application (proprietary software) is then used to perform further
graphical and data analyses. The collected data and analysis outputs are stored in a
database created using the freely available and open-source object-relational database
system PostgreSQL with the phpPgAdmin extension.

SAMPLING

Sampling using a low-

volume sampler and

polycarbonate filters.

Usually 24-hour
samples.

COATING

Filters are coated with
a very thin layer of
golden nanoparticles in
a sputter coater for the
sample to be
conductive.

OBSERVING

Observing the sample in
a scanning electron
microscope, optimizing
microscope parameters
and observing the
sample with various
detectors (secondary
electron, backscattered
electron, EDX or
LVSTD STEM).

ANALYZING

Photos are taken
manually for visual
analysis. Automated
image analysis is used
to analyze large
number of particles
(thousands), retrieving
their morphology
parameters (size,
shape) as well as

elemental composition.

Fig. 1: Workflow of sample preparation and analysis using SEM/EDX
CONCLUSIONS

The SEM/EDX method offers great potential for the analysis of suspended particles,
primarily due to its high resolution and its ability to analyze both particle morphology and
elemental composition. It provides qualitative and semi-quantitative data. However, it is
necessary to consider the limitations of this method, such as the limited detection of light
elements or the interaction volume.

[tis desirable to synergistically combine this method with other analytical techniques
to obtain a more comprehensive picture of the analyzed particles. It is also always
necessary to analyze a high number of samples to increase the statistical accuracy and
representativeness of the measurements and to contextualize the results with the
meteorological and dispersion conditions of the given locality at the time of sampling.
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Apart from statistical analyses of semi-quantitative data from feature analyses, one can
also process the actual microscope images and use image analysis to identify unique
features of specific sources, in combination with morphology and chemical composition
data. This task is well-suited for Al and could significantly improve the overall success
rate of source apportionment in the future.
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INTRODUCTION

In atmospheric research, it is common practice to dry aerosol samples to minimize
measurement artifacts caused by water uptake (hygroscopic growth), condensation,
coagulation, and changes in optical properties. International networks such as ACTRIS
and GAW recommend maintaining the relative humidity of aerosol samples below 40 %
(ACTRIS, 2024; GAW, 2016 Swietlicki et al., 2008; Tang et al., 2019).

This humidity level can be achieved by several methods, most commonly by
chemical sorption using hygroscopic materials (e.g., CaCl,, P,0s, silica gel). However, this
approach is not recommended within the ACTRIS framework due to increased diffusive
particle losses. An alternative is membrane drying, among which Nafion is widely used
(Tuch and Haudek, 2009).

Nafion is a copolymer of tetrafluoroethylene (TFE), which forms a hydrophobic
protective backbone, and perfluoro-3,6-dioxa-4-methyl-7-octene-sulfonic acid, which
ensures selective permeability of the membrane to water. Strongly hydrophilic acidic
sulfonic groups (SO37) at the ends of the side chains spontaneously cluster within the
polymer matrix into larger domains and channels. These channels create a structure that
enables the physical transport of water molecules by diffusion without any chemical
reactions, while other components of the sample—both gaseous and particulate—
practically do not pass through the membrane.

Nafion can operate in two basic modes: in the mode of dry, clean air, or in the
vacuum mode. In the first case, the sampled air flows inside the capillaries, and on the
other side there is a countercurrent of dry gas. In the second mode, the water vapor partial
pressure is reduced by applying a vacuum to the outer surface of the capillaries. Both
processes are continuous and, when operated under appropriate conditions, do not
require sorbent regeneration as in conventional chemical drying methods such as silica
gel.

Another advantage of Nafion drying is the ability to achieve the desired relative
humidity even at relatively high flow rates.

The permeability of Nafion, and thus its drying efficiency, increases with the diameter
and length of the fibers, temperature, and with the purge-to-sample flow ratio or the
applied vacuum level (Paul et al,, 2020; Leckrone & Hayes, 1997; Perma Pure, 2014; Ye &
LeVan, 2003).

The aim of this study is to describe the efficiency of Nafion under various operating
flow conditions and to provide optimal adjustable parameters for achieving the desired
sample relative humidity.
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METHODS

To characterize the drying efficiency of Nafion (MD-700-24F-1), an experiment
was designed covering both operating modes.

First, measurements were performed in the dry air flow mode (see Fig. 1) at
sample flow rates of 1, 3,5, 7, and 9 L-min~! and at 1-, 2-, and 3-fold ratios of the outer air
flow to the sample flow.

Subsequently, the efficiency was measured in the vacuum mode at absolute
pressures of 0.75, 0.5, 0.25, and 0.05 bar. In both modes, each measurement lasted 3
minutes.

The relative humidity (RH) and temperature at both the inlet and outlet were
measured using combined RH + T sensors at one-second intervals. To ensure uniform and
comparable conditions, the air entering the Nafion was humidified to approximately 93
% RH. The sample and outer air flow rates were measured using a mass flow meter, and
the vacuum level was monitored with a pressure sensor.

The efficiency measurements in the vacuum mode were further conducted
separately at RH levels of 0 % and 50 %. The entire experiment was carried out in an air-
conditioned laboratory at a stable temperature of 22 °C. To equalize the temperature
between the dried air (sample), the outer air, and the ambient environment, copper coils
were incorporated into the experimental setup.
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INTRODUCTION

The purpose of this study was to analyse how the pressure drop of nebulisers affects
patient's breathing profile. Special attention was also given to breathing profiles with and
without a nebuliser under different breathing instructions in ten male volunteers. Such
knowledge is crucial for improving the prediction of the aerosol drug deposition.

METHODOLOGY

The pressure drop of one jet nebuliser (Pari LC Sprint Star) and two mesh nebulisers
(eFlow Rapid and Aerogen Ultra) was measured using an Airflow Meter (Fluke 922).

Separately, ten male volunteers breathed through each nebuliser, and their breathing
profiles were recorded using a spirometer (SpiroSonic Smart). Two approaches were
tested: instruction to breathe normally or breathe slowly and deeply, which is mostly
recommended in the instructions for the use of nebulisers (Misik et al., 2025).

The measurement results were used as boundary conditions for the simulation of
particle deposition for particle sizes of 1, 2.5, 5 and 10 pm. The simulations were carried
out in Star-CCM+ using a lung replica as the computational domain.

RESULTS, DISCUSSION, CONCLUSIONS

In the case of spontaneous breathing, pressure drops of the nebuliser affected
breathing profiles. These effects were most substantial for the jet nebuliser Pari LC Sprint
Star by decreasing the flow rate. During breathing slowly and deeply, the variations
between breathing profiles of the volunteers were larger than the influence of the
nebuliser's pressure drop. According to the simulation, the reduced flow rate in the jet
nebuliser allowed particles of 5 - 10 um to penetrate deeper into the lung regions. More
detailed results will be shown in the presentation.

These findings highlight the importance of considering patient differences as well as
the pressure drop of each nebuliser for aerosol drug delivery (Misik et al., 2025).
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INTRODUCTION

Persistent organic pollutants (POPs) have been distributed in the global atmosphere,
because they are only slowly reacting in atmospheric chemistry and resist biodegradation
in surface waters, soils and sediments. Following global or regional abatement efforts, the
levels in air of organochlorine pesticides (OCPs), polychlorinated biphenyls (PCBs),
polybrominated diphenyl ethers (PBDEs) and polycyclic aromatic hydrocarbons (PAHs)
have been declining in mid latitudes of the northern hemisphere. In recent years, many
more contaminants of emerging concern (CECs) have been identified or anticipated, such
as flame retardants, modern pesticides, personal care products and industrial chemicals.
CECs are substances which have been released into the environment only recently, or are
only now recognized as environmental pollutants despite having been released since long.
Many of the particularly persistent synthetic chemicals containing perfluorinated carbon
atoms (PFAS) have both hydrophilic and hydrophobic properties. This feature allows for
additional environmental fate processes, at least in aquatic environments. As being
semivolatile, most POPs and many CECs stored in surface waters and soils may return to
the atmosphere triggered by variation of atmospheric levels or following a usage ban
(secondary pollutant sources). This feature is enhancing the long-range transport
potential (LRTP) of pollutants (grasshopper effect). Large scale distributions and
environmental fate processes of POPs and CECs are tpoics of great scientific interest and
relevance for the environment and human health.

METHODOLOGY

Spatial distributions in air and surface seawater, air-sea and air-soil exchange of
OCPs, PCBs, PAHs including nitrated and oxygenated derivatives (polycyclic aromatic
compounds, PACs) and PFAS have been studied in the Mediterranean and Middle East
seas, in the Atlantic Ocean, and at central and northern European continental sites, based
on air, surface water and soil sampling and off-line trace substance analysis. Long-term
trends in air were analysed based on monitoring data from the Czech National
Atmospheric Observatory KoSetice.

RESULTS AND DISCUSSION

The long-term negative trends of some OCPs banned since long, DDT, chlordane and
mirex, besides others, are observed to have been levelling off in recent years in central
Europe. While the industrial chemical PCB has been declining following ban since
decades, strong sources of PCB are on the rise related to unintentional production in
industries worldwide. The return of the banned insecticides DDT and endosulfan, and of
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PACs, some of them carcinogenics, from sea surfaces to the atmosphere is on-going in the
Mediterranean Sea and Atlantic Ocean. PAHs are found to volatilize from soils not only in
source areas, like central Europe, but depending on day-time and season also in receptor
areas. Carcinogenicity of air is found to be carried by numerous PACs, most of them
usually not monitored or even unidentified.

CONCLUSIONS

New secondary sources of POPs, some of them influenced by global warming, are
indicated. Urgent knowledge gaps to better understand POP and CEC cycling in the global
environment are degradation rates in air and surface compartments, chemical pathways
in air and soil, spatial variability of the chemodynamics in soils and primary emission
fluxes. As CECs cover a vast chemical space, understanding their environmental fate is
only in the early stages.
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INTRODUCTION

Polluted air consists of a complex mixture of gaseous pollutants, particulate matter
(PM) of various size and compounds bound to it, and metals. The size of the particles,
along with the chemical composition of the complex mixture, determines possible adverse
health effects of air pollutants on human health. For comprehensive in vitro evaluation of
biological effects of ambient air toxic compounds, treatment of cell models consisting of
mixtures of relevant cell types grown at the air liquid interface with a complete mixture
of pollutants is crucial. However, a limited number of studies evaluated impacts of real-
world atmospheric pollution using such approach.

METHODOLOGY

We have developed a mobile exposure system suitable for direct exposure to complex
mixtures of ambient air pollutants in the field conditions. Using the system, we exposed
cells models of the lungs and olfactory mucosa (a proxy to brain effects) to the ambient
air in four localities of the Czech Republic differing in the quality of air pollution
(characterized by concentrations of PM, ozone, nitric oxides, volatile organic compounds,
and polycyclic aromatic hydrocarbons). We analysed concentrations of these pollutants
and correlated them with a panel of relevant biomarkers, including parameters of general
toxicity, markers of oxidative stress and inflammatory response, as well as global mRNA
and miRNA expression analysis. Specifically, we measured lactate dehydrogenase and
adenylate kinase production and transepithelial electrical resistance (TEER), analysed
15-F2t-isopostane and a panel of 20 immune response-related parameters
(cytokines/chemokines/growth factors).

RESULTS, DISCUSSION, CONCLUSIONS

In the locality burdened with heavy traffic, we found very high concentrations of
ultrafine particles and NOx and observed low TEER values in the exposed samples,
indicating significant traffic-related toxicity of the ambient air. In the urban locality,
sampled in winter, we observed high PM and benzo[a]pyrene levels. In the samples from
the industrial locality, sampled in summer, we detected higher concentrations of TNFa,
MIP-1a, Eotaxin, GROa, GM-CSF, IL-6 and IL-7 than in the urban locality samples. We
hypothesize that pollen or other plant-related components of the ambient air were
responsible for this response. In summary, our system proved to be a suitable approach
to monitor direct biological effects of ambient air in the field conditions, reflecting not
only the levels of toxic compounds, but also season-specific parameters.
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INTRODUCTION

Nanoparticles (NPs) have become an important part of everyday life during the last
years. Aside from their undoubted benefits, questions regarding the risk of inhalation
exposure to human health, and/or genome still need to be addressed. Despite these facts,
human biomonitoring studies relevant to the consequences of the chronic and acute
inhalation exposure to NPs on the molecular processes in cells as well as health effects are
still rare. The Czech biomonitoring research plays the dominant role in this field due to
the systematic sampling of the chronically and acutely exposed groups during the
nanocomposite materials processing in research phase and/or in their application, as well
as due to broad collaboration of the experts across the various scientific fields. During the
last years, effects of NPs exposure on the molecular mechanisms by cytogenetic,
epigenetic and transcriptomic markers have been studied in the group of nanoparticles
research workers as well as in volunteers with exposure simulated that in stomatology.

METHODOLOGY

The following methodological approaches were used for mapping the structural and
functional changes in the genome of peripheral blood lymphocytes of males and females:
(i) micronuclei analysis (MN) in combination with fluorescent centromere staining for
identification of clastogenic and aneuogenic effects of exposure; (ii) chromosomal
aberration analysis for identification of structural and numerical rearangements; (iii)
genom wide DNA methylation profiling utilizing the array approach for identification up
to 850K CpG loci across the whole genome; (iv) comprehencive transcriptomic analysis
by Next Generation Sequencing approach for identifications of mRNA and miRNA gene
expression changes.

RESULTS, DISCUSSION, CONCLUSIONS

Cytogenetic results revealed that chronic exposure to NPs does not affect the
frequency of total MN in contrast to the effect of increased acute exposure. Moreover,
gender related DNA damage differences were observed by MN analysis (Rossnerova,
2019). Detailed pattern of chromosomal abberations in acutely exposed females revealed
significant increase of monosomies related to X gonosome (Rossnerova, 2024). Opposite
to micronuclei analysis, DNA methylation profiling identified more than 700
signnificantly differently methylated CpG loci in a group of chronicaly exposed
nanocomposites research workers (Rossnerova, 2020a, 2021). Additionally,
transcriptomic profiling revealed 90/50 significantly deregulated mRNA in
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acutely/chronicaly exposed groups, respectively. FKBP5 and DDIT4 genes with relevance
to immune system and cancer respectively, were downregulated repeatedly in both
cohorts independently of the type of exposure. Opposite to mRNA, deregulation of miRNA
was minimal, related to time frame of sampling, but delayed post-exposure changes are
presumed (Simova, 2024, 2025).

All the detected changes point to the induction of processes in the human body to
adapt (Rossnerova, 2020b) to the new or chronic exposure conditions with the aim of
reducing possible negative consequences of the NPs exposure (e.g.,, DNA damage level, or
risk of various cancers). Obtained data also indicates different consequences of NPs
exposure by gender and reveals the risk of significant increase of aneuploidies in females.

In conclusion, personal protection equipment for reducing exposure, and sufficient
ventilation systems are highly recommended to limit negative effects of NPs exposure.

ACKNOWLEDGEMENT

This research was supported by the Czech Science Foundation under grants #18-
02079S and #22-08358S.

REFERENCES

Rossnerova A., Pelclova D., Zdimal V., Rossner P. Jr., Elzeinova F., Vrbova K., Schwarz J.,
Ondracek J., Kostejn M., Komarc M., Vickova S., Fenclova Z., Dvorackova S., The
repeated cytogenetic analysis of subjects occupationally exposed to nanoparticles:
a pilot study, Mutagenesis, 34, 253-263, (2019).

Rossnerova A., Chvojkova 1., Elzeinova F. Pelclova D. Klusackova P., Zdimal V.
Ondrackova L., Bradna P., Roubickova A., Simova Z., Rossner P. Jr., Genetic alteration
profiling in middle-aged women acutely exposed during the mechanical processing
of dental nanocomposites, Environ. Toxicol. Pharmacol., 108, 104462, (2024).

Rossnerova A. & Honkova K., Pelclova D., Zdimal V., Hubacek J.A., Chvojkova 1., Vrbova K,
Rossner P. Jr., Topinka ], Vickova S., Fenclova Z. Lischkova L., Klusackova P.,
Schwarz J., Ondracek J., Ondrackova L., Kostejn M., Klema ]., Dvorackova S., DNA
Methylation profiles in a group of workers occupationally exposed to nanoparticles,
Int. J. Mol. Sci,, 21, 1-20, (2020).

Rossnerova A., Honkova K., Chvojkova ., Pelclova D., Zdimal V., Hubacek J.A., Lischkova L.,
Vickova S., Ondracek J]., Dvorackova S., Topinka ]., Rossner P. Jr., Individual DNA
methylation pattern shifts in nanoparticles-exposed workers analyzed in four
consecutive years, Int. J. Mol. Sci., 22, 7834, (2021).

Simova Z., Sima M., Pelclova D., Klusackova P., Zdimal V., Schwarz ]., Maskova L., Bradna
P., Roubickova A., Krejcik Z., Klema J., Rossner P. Jr., Rossnerova A., Transcriptome
changes in humans acutely exposed to nanoparticles during grinding of dental
nanocomposites, Nanomedicine, 19, 1511-1523, (2024).

Simova Z., Sima M., Pelclova D., Klusackova P., Zdimal V., Schwarz J., Maskova L., Klema J.,
Dvorackova S. Rossner P. Jr, Rossnerova A. Transcriptomics insight into

68



occupational exposure to engineered nanoparticles, Nanomedicine, 20, 1713-1727,
(2025).

Rossnerova A., Izzotti A., Pulliero A., Bast A., Rattan S.I.S., Rossner P. Jr.,, The molecular
mechanisms of adaptive response related to environmental stress, Int. J. Mol. Sci., 21,
7053, (2020).

69



ELPI VS. MPSS/APSS: PERFORMANCE ASSESSMENT WITH WELL-CHARACTERIZED
AEROSOLS

Jakub ONDRACEK?Y, Petr ROZTOCIL!, Markus NIKKAZ2, Oskari VAINIOZ, Petr OTAHALS3,
Eliska FIALOVA34, Ludovit BALCOS,

1Research Group of Aerosol Chemistry and Physics, Institute of Chemical Process
Fundamentals, CAS, Prague, Czech Republic, ondracek@icpf.cas.cz
2Dekati Ltd, Kangasala, Finland
3 National Institute for NBC Protection, Milin, Czech Republic
4Department of Geological Sciences, Faculty of Science, MUNI, Brno, Czech Republic
5 Biowell s.r.o., Bratislava, Slovakia

Keywords: ELPI, MPSS/APSS, well-characterized aerosols

INTRODUCTION

There are multiple techniques available for quantifying aerosol particle number and
size. Among the most widely used instruments for obtaining high time-resolution data
across the nanometer to micrometer scale are aerosol spectrometers such as Mobility
Particle Size Spectrometers (MPSS) and Aerodynamic Particle Size Spectrometers (APSS).
Cascade impactors remain a central tool in gravimetric analyses of atmospheric aerosols,
offering the benefit of size-resolved chemical composition, though they operate with
comparatively low temporal resolution.

A more advanced variant is the electrical cascade impactor — in our implementation,
the Electrical Low-Pressure Impactor (ELPI, Dekati) (Marjamaki et al., 2000). This
instrument combines the conventional gravimetric collection on individual stages with an
electrical measurement mode: when particles impinge on a stage, the induced current is
recorded in near real time. This dual mode provides both direct mass (or deposit)
sampling and instantaneous electrical signals (Eckenberger et al., 2025).

The ability to conduct real-time (up to ~10 Hz), size-resolved (14 stages)
measurements alongside chemical composition analysis makes the ELPI approach
particularly powerful. Nevertheless, converting the measured currents into meaningful
physical quantities (e.g.,, number, volume, or mass) is nontrivial, in part due to artifacts
such as particle bounce, image-charge effects, or incomplete charge transfer. These biases
can depend on particle size, shape, composition, or morphology (e.g. bounce behavior
under different humidity or particle types) (Fischer & Petrucci, 2021).

METHODOLOGY

In this study, we compare electrical-mode measurements from two ELPI units (each
outfitted with different impaction plate designs) against reference instruments — MPSS,
APSS, and CPC — across a series of well-controlled aerosol types differing in composition,
size, and morphology. The measurement setup employed a variety of aerosol generators
(tailored to each particle type) and, for monodisperse aerosols, a size selector
(electrostatic classifier). The generated aerosol stream was mixed with clean, dry air to
maintain adequate flow to all instruments and, when needed, to dilute concentrations. All
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instruments were fed through a shared sampling manifold using isokinetic splitting, with
careful flow-path design to minimize particle losses after splitting and/or having
equivalent lengths of sampling lines (in order to have the same potential particle losses).

The test aerosol suite comprised both solid (S) and liquid (L) particles and included
monodisperse (M) and polydisperse (P) number size distributions (PSLSM/P, ammonium
sulphateSM/P, SnSM/P and DEHSLM/P with NaCl cores).

Additionally, we benchmarked the ELPI units against a calibrated reference MPSS
from the ACTRIS calibration lab (PACC) and the reference MPSS used during the
intercomparison on well-characterized aerosols during ambient aerosol observations
over a weekend.

RESULTS, DISCUSSION, CONCLUSIONS

The performance of both ELPI units was evaluated for all generated aerosols as well
as for atmospheric aerosol, with comparisons made to the reference instruments.

In general, there was a difference between the ELPI loaded with sintered stages and
the ELPI filled with smooth stages covered with greased aluminium foils. The stages with
aluminium foils were more vulnerabvle to particle bounce especially for solid challenging
particles and larger sizes (e.g. Fig.1 for PSL 100 and 200 nm). This effect was not so much
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Fig. 1: ELPI impactors with sintered (orange) and smooth (grey) impaction plates
against reference MPSS (black) for monodisperse PSL particles (100/200 nm)

pronounced for smaller challenging particles (even solid ones) and in general for liquid
particles. This artifact causes bounce of the larger particles to much lower stages of the
cascade impactor than they should belong to based on their aerodynamic behavior. Also
lower concentration (hundreds of particles per cm3) measured with the ELPI impactors
were causing troubles, because of the threshold of the electometers for the noise level.
For the longer intercomparison on the atmospheric aerosol, both impactors were
equipped with smooth stages and greased aluminium foils. The results (see Fig. 2) showed
that it is complicated to retrieve the exact shape of the number size distribution measured
by the reference MPSS due to lower concentrations in some size bins and the ambient
aerosol is also more complex in chemical composition and particle morphology, so it is
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more challenging to obtain the fine structure of the size distribution using the High

Resolution ELPI analysis from the originally measured 14 impactor stages.
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Fig. 2: ELPI impactors with smooth (orange/grey) impaction plates against reference

MPSS (black) and ACTRIS reference MPSS (blue) for ambient atmospheric aerosol

Furthermore, one of the two ELPI impactors was still showing much larger deviation
and an artifact for the smallest sizes. The reason for this was not fully understood and

additional analysis/characterization would be needed.
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INTRODUCTION

Among optical measurement techniques, nephelometry stands out as a particularly
promising method for aerosol characterization. Nephelometers are generally divided into
two main types: polar nephelometers (e.g. Martins et al., 2017; Lienert et al., 2003), which
measure light scattering at discrete angles, and integrating nephelometers (e.g. Anderson
- Ogren, 1998), which determine the total scattering coefficient over a broad angular
range. While polar nephelometers have been widely studied for aerosol size distribution
retrieval due to their rich angular information (e.g. Moallemi et al.,, 2022), integrating
nephelometers remain comparatively underexplored in this regard. This study focuses on
a polar-integrating nephelometer measurements to assess their capability for retrieving
fine and coarse aerosol mode properties, aiming to fill this gap in aerosol optical retrieval
research.

METHODOLOGY

The presented analysis is based on data collected at the Racib6rz Observatory in
southern Poland during 2023 and 2024. The station operates both in-situ and remote-
sensing instruments dedicated to atmospheric aerosol measurements. All measurements
follow the strict quality assurance and control guidelines of the ACTRIS research
infrastructure, ensuring the highest data quality and reproducibility.

The in-situ instrumentation includes an AUTORA 4000 polar-integrating
nephelometer for scattering measurements and two aerosol size spectrometers — TSI
APS and TSI SMPS 3082, providing particle size distributions across a wide diameter
range (10 nm-10 pum). Aerosol sampling is performed with an aerodynamic cutoff at 10
um at the inlets, and the sample air is subsequently dried to below 40% relative humidity
using Nafion membrane dryers.

A nephelometer is an optical instrument capable of near-real-time (NRT)
measurements of elastic light scattering by aerosol particles. The Ecotech AURORA 4000
polar-integrating nephelometer measures the integrated scattering intensity at three
visible wavelengths. The instrument features a variable-position shutter that enables
measurements across different angular sectors. With the shutter fully retracted, the
integration range extends from approximately 7° to 170°, thus covering almost the entire
polar angle except for narrow regions near the exact forward and backward scattering
directions. The shutter can be positioned at any angle between 0° and 90°, progressively
obscuring up to half of the detector’s field of view. This configuration allows integrated
measurements from the selected shutter angle up to 170°. By calculating the differences
between measurements obtained at successive shutter positions, the integrated
scattering signals for individual angular sectors can be derived
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The nephelometer data was analysed with the use of the GRASP-OPEN software
(Duboviketal.,2014). GRASP is a single dimensional inversion algorithm providing highly
accurate information on microphysical aerosol properties based on a wide range of data
sources. It can be used to process in-situ nephelometric data to retrieve aerosol size
distributions. The algorithm also incorporates a forward model that can effectively
simulate instrument data (including noise) based on the assumed microphysical
parameters. This makes GRASP a versatile tool for not only data processing but also
simulations of instrument performance and sensitivity studies. In this study we employ
the algorithm for simulating nephelometer signals for various aerosol distributions
observed at the station by the size spectrometters, investigating the sensitivity of the
instrument in these conditions.

a) b)

Fig. 1: A theoretical simulation of scattering measured with a polar integrating
nephelometer. On the left-hand-side volume size distributions for different fine a) and
coarse c) particle concentrations are given. The concentrations are varied between 5t

and 95t percentile of concentrations observed at the Racibdrz station. On the right-
hand-side corresponding simulated measurements for changing concentrations of fine
b) and coarse d) particles are shown with the solid part of the lines indicat-ing angular
observation range of the AURORA 4000 nephelometer

74



RESULTS, DISCUSSION, CONCLUSIONS

These results show that a polar integrating nephelometer is significantly more sensi-
tive to the variability in the concentration of the fine aerosol fraction as opposed to coarse.
Note that the simulations were performed for a wider range of scattering angles than can
be observed by the physical instrument (the values outside of the nephelometers angular
range were depicted with a dashed lines in Figure 1). The poor sensitivity to the large
particles is a well-known issue in nephelometric studies, stemming from the inability of
the instruments to observe the foreword scattering at low polar angles, typically below 7-
8 degrees. According to the Mie theory the larger the scattering particle compared to the
light wavelength, the more the scattering phase function is dominated by its foreword
scattering component. Consequently a significant portion of the light scattered at the
coarse aerosol fraction is not registered by the polar integrating nephelometer. This can
be seen in the subplot d) of the Figure 1, where the largest differences in the simulated
signals are visible for the lowest shutter angles, outside other the nephelometer’s
detection range. This not only makes it challenging for any inversion algorithm to retrieve
coarse aerosol concentration from nephelometer data but also can lead to improper
differentiation between fine and coarse aerosol’s contribution to the observed angular
signals.
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INTRODUCTION

It’s surely long reckoned that modern vehicles with internal combustion engines rely
on sophisticated engine controls and on advanced exhaust aftertreatment to achieve low
emissions levels. Inadequate design or manufacture, excessive wear, malfunctions,
repairs of sophisticated systems with duct tape and baling wire, improper maintenance
or deliberate tinkering, tuning and tampering can produce emissions that sure are one or
more orders of magnitude higher compared to the typical intended (and type-approved)
operation. So, a relatively significant reduction in emissions can be achieved relatively
quickly and at low cost by targeting excess emitters. We reckon that on-board diagnostic
systems present on newer vehicles and periodic technical inspections are helpful but do
not effectively address deliberate tampering or avoiding repairs. Remote sensing (RS) of
emissions by open-path spectrometry across the vehicle travel path and sampling of
exhaust plume from a moving instrumented chase vehicle or from roadside (point
sampling) have been developed and proposed for high emitter detection in the field. Since
high emissions episodes can occur even on properly operating vehicles, all RS approaches
have been used as an indicative tool for selecting vehicles for subsequent inspection.

In all RS approaches, measurement is done on the plume of vehicle exhaust left behind
the passing vehicle, which must be differentiated from other plumes and the background.
So, vehicles are tested in a single lane with sufficient spacing. To avoid high emissions due
to cold start, transients or very high load, the engine and catalysts should be warm and
the engine should be at a moderate and steady load to produce sufficient volume of
exhaust. These constraints require a careful choice of the sampling location.

In RS, COz or other tracer is measured alongside with the pollutant of interest. From
the ratio of incremental (relative to background) concentrations of pollutant and COz, and
assumed yield of COz per 1 kg of fuel, emissions per kg fuel are calculated. Making some
assumptions about fuel consumption per kWh of power or per km driven, emissions per
km or per kWh can be estimated, and these compared with the legislative limits.

This work targets remote measurement of excess particle emissions, with the focus
on detecting absent or defunct diesel particle filters, by point sampling measurement.
Two novel approaches were explored: Measurement at an entrance gate to a restricted
area and exploring the potential of moderate and low cost instrumentation.

We have chosen to target diesel vehicles, as there is a large gap, often several orders
of magnitude, between working and defunct particle filter, and there are two readily
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established inspection procedures - free acceleration smoke opacity test and the
measurement of the number concentration of non-volatile particles during engine idle.
Particle emissions from positive ignition engines (of which essentially all are spark
ignition engines, and of these, most run on petrol, with a minority operating on gaseous
fuels) have been regulated only recently, and despite ongoing efforts, and to date, there is
no legislative method or limit for periodic inspection tests. Gaseous emissions can be
readily measured by (commercially available or research grade) open-path spectrometry.
Optical methods are, however, insensitive to combustion generated nanoparticles and
respond only to their visible agglomerates, representing extreme cases of high emitters.

EXPERIMENTAL

The main vehicular entrance to the Czech University of Life Sciences campus has been
used, featuring license plate recognition, card reader, and remote contact to a
receptionist. The sampling point has been placed on the road surface, in the middle of the
travel lane, several meters before the gate, at which the vehicle has to stop or come nearly
to a standstill to secure a permission to enter. The campaign setup is shown in Fig. 1
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Card reader & telephone

Samplingline  Measurement van Exit ‘

Instrumented van Entrance gate
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S R S\ _ .
Fig. 1: Diagram and photo of the setup at the campus entrance gate

e

The first campaigns were done with laboratory-grade non-volatile particle (nvPN)
counter (NanoMet3, Matter Engineering) and fast electric mobility sizer (EEPS, TSI).
Mobile FTIR analyzer (Bruker/CreaTech) was used to measure the concentrations of CO2,
used to calculate emissions in particles per kg fuel, and CO and NO to assess gaseous high
emissions. In a subsequent campaign, two “moderate cost” instruments for total particle
number concentrations, Partector (Naneos) and ePNC (Dekati), and a TU Liberec
prototype of a low-cost sensor of lung deposited surface area, were used in parallel.
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RESULTS AND DISCUSSION

For validation, a total of 50 vehicles were subjected to a shortened (10-15 seconds)
tailpipe idle nvPN test, analogous to the one used for the periodic technical inspection in
Switzerland, Belgium and Germany. The comparison of emissions factor in nvPN per kg of
fuel, determined by remote sensing, with the nvPN idle test, shown in Fig. 2, shows a
nearly perfect (> 90 %) success rate of remote sampling at a gate at differentiating diesel
vehicles with and without a functional particle filter. A 100 % success rate was obtained
considering only measurements yielding peak concentration of more than 100 ppm CO2
above the background. As an additional check, technical data for vehicles were obtained
from the national motor vehicle register based on recorded registration plate numbers.
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Fig. 2: Correlation of nvPN concentrations measured in the tailpipe during a 10-
second idle test (horizontal axis) with nvPN emissions factor from remote sensing

Assuming light-duty vehicle emission limit of 6 x 1011 particles per km (#/km) and
fuel consumption of 5 kg (6 liters) of diesel fuel per 100 km, vehicles with particle
emissions up to 2 x 1013 # /kg fuel were considered low emitters. These vehicles had nvPN
at idle of 1-200 thousands #/cm3, with all but one vehicle being below 10> #/cm3. All
vehicles with nvPN at idle greater than 0.5 x 10 #/cm3 had emission levels above 2 x 1014
#/kg fuel; these were considered to be positive high emitters, leaving out one order of
magnitude “tolerance band” or “forbidden gap”.

Further, careful analysis of data shows that the very high efficiency of diesel particle
filters combined with a robust sampling location offers room for lower cost instruments
to be used. (Note that optical sensors sold at tens of Euros are not sensitive to
nanoparticles, and low-cost instruments considered here are primarily diffusion chargers
and condensation particle counters costing several thousands of Euros, compared to one
to two orders of magnitude more expensive laboratory instruments.)

The threshold of 100 ppm CO2z corresponds to about 0.2 ug CO2/cm?3 or about 6.2 x
10-11 kg fuel per cm3. At 100 ppm COz, a PN detection limit of 1000 #/cm3 above ambient
corresponds to 2 x 1013 #/kg fuel, which is, at 20 km per kg fuel, comparable to the 6 x
1011 #/km Euro 6 limit. If only vehicles producing at least 100 ppm CO2 above background
are considered, which was 60 % of passing vehicles, the relatively strong signal allows for
use of instruments with a detection limit of 1000 #/cm3, which may be fulfilled by some
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moderate cost periodic technical inspection grade nvPN analyzers and diffusion chargers
commercially available for ambient monitoring (measuring all particles including
volatiles), both with cost on the order of 10 thousands EUR per instrument, one order of
magnitude less than laboratory instruments. Also, additional analysis has shown that for
peaks at least 100 ppm COz, reasonably valid conclusions were even without removing
volatile particles (measurements by EEPS), and even using solely the particle
concentration, without calculating the ratio of particles to COz.

Example results for the moderate cost instruments are given in Fig. 3. Partector, a
moderate cost commercial ambient DC sensor, and Dekati ePNC, prototype PTI-grade
particle counter (DC sensor) are in general agreement with nvPN readings by NanoMet3,
a commercial nvPN instrument, despite not removing volatile particles. Low-cost
ionization chamber detected some, but not all, high emitters, typically ones with higher
detectable PN concentrations.

Overall, sampling at a gate, where vehicles have to stop and accelerate, is reckoned to
be an improvement over classical roadside measurement, as the location inherently
provides adequate separation of traffic, a major limitation of point sampling. Also, at many
gated entrances, vehicles are already warmed up, and are accelerating at a moderate pace.
This location has also yielded rather strong COz peaks, decreasing the requirement for the
detection limit of the instruments. Follow-up preliminary measurements suggest that the
use of low and moderate costs instruments is possible, albeit possibly at a lower yield.
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Fig. 3: Particle concentrations measured by moderate and low-cost instruments
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INTRODUCTION

Air pollution in so-called street canyons is one of the key environmental problems in
densely built-up urban areas, where limited ventilation and intense emissions from traffic
can lead to high concentrations of pollutants in the breathing zone of residents (Fenger,
1999). The complex interaction between building geometry, wind direction, and
atmospheric turbulence significantly affects the transport and dispersion of pollutants,
making it challenging to predict air quality in such environments. Among these factors,
the aspect ratio (the ratio of building height to the street width) of the canyon, roof
geometry, and street orientation relative to the prevailing wind direction have been
shown to significantly influence pollutant removal efficiency and flow patterns within the
canyon (Klukova et al., 2021; Nosek et al., 2025).

Experimental studies conducted in wind tunnels that model the interaction of the
atmospheric boundary layer with urban topography play a crucial role in understanding
these mechanisms, as they enable a detailed investigation of flow and dispersion
processes under controlled conditions representative of actual urban geometries
(Schatzmann & Leitl, 2011). The ability to measure velocities and concentrations at high
spatial and temporal resolutions provides valuable data for model validation and for
improving our understanding of pollutant transport in complex urban environments.

This study focuses on Legerova Street in Prague, one of the busiest urban corridors
characterised by street canyons and heavy traffic pollution. A 1:500 scale model of the
street and surrounding buildings was tested under neutral atmospheric boundary layer
conditions for two different wind directions. The primary objective is to illustrate the
complexity of pollutant concentration distribution in a real street canyon, which is
primarily influenced by the geometry of the street canyons and wind direction.

METHODOLOGY

The experiments were conducted in the wind tunnel of the Environmental
Aerodynamics Laboratory in Novy Knin. This is an open-circuit wind tunnel with a cross-
section of 1.5 x 1.5 m and a length of 30 m. Based on digital data provided by IPR Prague,
a 3D-printed model of Legerova Street and its surroundings was produced on a scale of
1:500 and placed in the measuring section of the tunnel (Fig. 1). The incoming boundary
layer was created using roughness elements and so-called spires placed along a length of
10 m in front of the model to achieve a logarithmic velocity profile and the required
turbulence scales representative of the urban atmospheric boundary layer under neutral
stratification. By rotating the model in the measuring section of the tunnel, two wind
directions were tested: west and east.

80



The dispersion of pollutants was simulated using a 1 m long line source from which a
tracer gas (ethane) or passive particles (approx. 1 um) were emitted at a volume flow rate
of 18 ml/s. The line source was located at the bottom of the tunnel and in the middle of
Legerova Street (Fig. 1c). Ethane concentrations were measured using a fast flame
ionisation detector (FFID) mounted on a computer-controlled traversing system, which
allows point mapping of average concentration fields with high time resolution (500 Hz).
Particle image velocimetry (PIV) from Dantec Dynamics was used to capture
instantaneous and average velocity fields, as well as the spatiotemporal structures of
particle concentrations at a rate of 500 Hz. This combined approach enabled a detailed
analysis of the interaction between flow dynamics and pollutant dispersion mechanisms
as well as the measurement of the planar turbulent pollution fluxes in the street canyon
(Owolabi & Nosek, 2025) .

Wind direction:
West™)>

East <)ZI

Line source

Vertical planes (xz)

Fig. 1: (a) Selected area (magenta square and circle) for the model of Legerova
street; (b) the model of Legerova street in the wind tunnel; (c) positions of the measured
vertical (dark blue) and horizontal (green) planes with the marked position of the line-
source model (red) and wind orientation (light blue). The positions are in mm according

to the scale (1:500).

RESULTS, DISCUSSION, CONCLUSIONS
Fig. 2 shows the mean dimensionless concentrations (C*) and velocity vectors
(arrows) at the horizontal planes at a height of 7 mm (corresponding to 3.5 m at full scale)

for the west (Fig. 2a) and (Fig. 2b) east wind directions in the investigated section of
Legerova street. Here, C* = CUre/BL/Q, where C is the ethane concentration in ppm, Urefis
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Fig. 2: Mean dimensionless concentrations (C*) and velocity vectors (arrows) at
horizontal fields at height 3.5 m for a) west and b) east wind of the investigated part of
the Legerova street. The reference dimensionless velocity vector (U/Ure) is depicted on

the left, and the red circle represents the position of the AIM station.
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Fig. 3: Spatially averaged dimensionless concentrations (C*) of each of the vertical
plane in the first (left) and second (right) street canyon, for the west (blue bars) and east
(red bars) wind direction.

the reference freestream velocity in the wind tunnel, B is the average Legerova street
width, L is the length of the line source, and Q is the volumetric flow rate of ethane from
the line source. The real pollutant concentration, C, can be then recalculated from C*using
the known parameters (Ure, L and Q) from real-scale conditions.

For the west wind (Fig. 2a), a strong lateral flow from south to north is observed
within the first investigated street canyon. This is primarily caused by the asymmetry of
the buildings, where the longer windward-facing facade deflects the incoming flow from
the west toward the south. This lateral motion generates a helical vortex (not shown
here), which enhances street-canyon ventilation. Consequently, the lowest concentration
levels are found not only at this horizontal plane but also at all three analyzed vertical
planes within the first canyon (see blue bars in Fig. 3). Pollutants from this canyon are
transported either upward through the roof-level opening or laterally toward the
intersection, occasionally entering the second canyon. The second canyon therefore
exhibits higher concentration levels, also associated with the development of a quasi-
steady horizontal vortex near the intersection.
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In contrast, for the east wind (Fig. 2b), both investigated canyons exhibit higher
concentration levels compared to the west wind case. This is mainly due to the absence of
the “wind-catching” wall and the formation of strong horizontal vortices at the lateral
ends of the canyons. As shown in Fig. 3b, at the lateral end of the second canyon (red bar
at y = 142 mm, corresponding to 71 m from the intersection center), the mean
concentration increases by a factor of approximately 3.5 relative to the west-wind case.

These results clearly demonstrate that building geometry and wind direction play a
decisive role in pollutant transport and accumulation within urban street canyons. Both
parameters must therefore be carefully considered when assessing urban air quality or
conducting pollution source identification in complex urban environments.
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PRISTROJ SYFT TRACER A TECHNOLOGIE SIFT-MS: NOVE MOZNOSTI V ANALYZE
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SUMMARY

The commercial presentation will focus on the Syft Tracer analytical instrument,
which uses SIFT-MS (Selected lon Flow Tube Mass Spectrometry) technology for real-
time detection of trace gases and volatile organic compounds (VOCs). Syft Tracer enables
gas analysis with high selectivity, sensitivity (at ppt levels), and operational stability,
without the need for chromatographic separation or sample pretreatment.

UvoD

Komercni prednaska: Spolecnost Altium se nové stala oficidlnim distributorem
pristroji Syft Technologies, a pfinasi tak na ¢esky trh unikatni pristroje nejen pro real-
time analyzy ovzdusi.

Prednaska bude vénovana analytickému pristroji Syft Tracer, ktery vyuziva
technologii SIFT-MS (Selected Ion Flow Tube Mass Spectrometry) pro real-time detekci
stopovych plynt a tékavych organickych latek (VOCs). Syft Tracer umoziuje analyzu
plynti s vysokou selektivitou, citlivosti (v hladinach ppt) a provozni stabilitou, a to bez
nutnosti chromatografické separace nebo predupravy vzorku.

V ramci prezentace bude detailné predstaven pristroj jako celek a jeho klicové
technické a provozni parametry, véetné moznosti konfigurace, a také konkrétni aplikace
v oblasti monitoringu kvality ovzdusi, mobilniho méreni ¢i sledovani VOCs ve vnitinim
prostiedi.
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INTRODUCTION

Many particle detectors work with optical detection and cannot detect particles
smaller than about 300 nm. The handheld ultrafine particle detector Partector 2 Pro
produced by naneos particle solutions gmbh can measure down to a size of ~10 nm.
Ultrafine particles have a very low mass. That's why the Partector 2 Pro ouputs health-
relevant metrics, such as lung-deposited surface area (LDSA), particle count, particle
diameter and eight-channel particle size distribution. The Partector 2 Pro provides a wide
concentration range, is battery-powered, requires no working fluids and works in any
orientation.

The Partector 2 Pro is designed mainly for personal exposure monitoring, workplace
monitoring and environmental monitoring.

Fig. 1: Partector 2 Pro

MEASUREMENT PRINCIPLE

The Partector 2 Pro measures nanoparticles using a pulsed unipolar diffusion
charging method with an ion trap and electrometers. Particles are charged by a corona
discharge, which is pulsed on and off and creating clouds of charged particles. These
charged particles flow down the instrument and pass through two empty Faraday cages
equipped with electrometers. The electrometers detect changes in the charge inside the
cages. In between the two electrometer stages, there is an electrostatic precipitation,
which preferentially removes small particles so that you get a smaller signal on the second
stage, which gives us information on the particle diameter.
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The Partector 2 Pro uses standard data inversion algorithm to calculate an 8-channel
size distribution (10-300 nm). Time resolution depends on integration time; typically 6 s
for one voltage = full scan takes 24 seconds.

Deposition Voltage

00 o0 e * oo o0

o 5, Fe 1% o 1o
o . - o e
© ] L. e . @ o
e 7 o 2 o* g L -

lon Trap Voltage
Pulsed High Voltage  charging current measurement

2 Electrometers

Fig. 2: Measurement principle scheme

PERFORMANCE AND APPLICATIONS

The performance example is not from the lab but from a Swiss monitoring station
(Zirich Kaserne), where an SMPS is continuously operated. The Partector 2 operated for
one month in the station and in the Fig. 3 is shown how well this works with "real world"
aerosols. In particular, the concentrations were quite low, as it was quite clean air in
Switzerland; so the issue with small signal differences and noise is larger than in the
laboratory tests. The average particle number in this month was just a bit above 5000
particles/cm3 but the general shape of the size distributions is well reproduced even at
those low concentrations.

The main applications for the Partector 2 Pro are personal exposure monitoring,
workplace monitoring and environmental monitoring.

The Partector 2 Pro measures all nano-particles - so this can be used to measure
exposure to engineered nanoparticles, environmental tobacco smoke, welding fumes,
traffic-related nanoparticles or anything else. The Partector 2 Pro is ideally suited for
occupational health and safety studies.

The Partector 2 Pro can be used to monitor nanoparticle levels in a laboratory or
nanoparticle production facility 24/7. It can sound an alarm and, with its data log, the
operator can quickly check when high concentrations occurred.

Small, light and cheap - the Partector 2 Pro is the ideal instrument for studies where
nanoparticle concentrations need to be measured with high spatial resolution. By using
multiple instruments simultaneously, it can be measured transport phenomena and
particle concentration distributions. By combining Partector 2 Pro data with GPS data, it
can be easily visualized the measurement in Google Earth.
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Fig. 3: 4 week comparison at Swiss monitoring station Ziirich-Kaserne (showing 1 week
only to reduce clutter)
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INTRODUCTION

The atmospheric ageing of gases released by different sources can form low vapor
pressure compounds that condense to aerosol particles called secondary aerosols. The
oxidation flow reactors (OFR, introduced by Kang et al. (2007)) are used for simulating
the atmospheric ageing in a short time scale for studying the potential of different
pollution sources to form secondary aerosols and also for producing secondary organic
test aerosols for different applications. OFRs are particularly useful tools in studying the
aging of transient emissions sources owing to their high time resolution compared to
environmental chambers and compact size (see e.g. Kuittinen 2021). The high time
resolution stems from the short aerosol physical residence time (~1 min) compared to
environmental chambers (~hours). Despite the short physical residence time of the OFRs,
the equivalent photochemical aging time can be in the order of several days accomplished
by the high concentration of oxidants compared to atmospheric conditions. Despite the
fact that accelerated photochemistry of OFR has some limitations on how accurately they
simulate atmospheric aging (Peng, 2020), OFRs provide properly used a joint metrics that
can be used to compare the potential of different emission sources to produce secondary
aerosols.

In this study, we present characterization results of a new commercially available
OFR called Dekati Oxidation Flow Reactor (DOFR) and its sampling unit. The DOFR design
is similar to the previously introduced Tampere University Secondary Aerosol Reactor
(TSAR) by Simonen et al. (2017). The main oxidizer in the DOFR is OH-radical that is
formed by UV-C (254 nm) photolysis of externally injected O3z and H20. The
characterizations performed for the DOFR include the determination of the
photochemical ageing range, the gas and the particle residence time distributions (RTD),
and the SOA yield from toluene precursor. In addition, the DOFR was used to measure
secondary aerosol formed by passenger cars (gasoline and diesel) running in idle, and the
results were compared with previous studies.

METHODOLOGY

Particle size distribution measurements were conducted using the ELPI+ and SMPS
instruments. The particle RTDs were measured using two CPCs with polydisperse solid
particles. The photochemical age was determined by oxidizing the CO gas tracer as in
Simonen et al. (2017). Gaseous toluene precursor ageing inside the DOFR was also
modelled with a simple time dependent model based on the model presented by Li et al.
(2015). The photochemical ageing range was determined for several relative humidities
(RH) and UV-light intensities as a function of O3 concentration.
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RESULTS, DISCUSSION, CONCLUSIONS

The ageing range was found to be in 1 - 35 days with the CO tracer and was varied by
switching the no. of UV lamps on (the ozone was 50 ppm and RH 50%). The toluene
precursor oxidation experiments showed comparable results to previous studies showing
0.1 - 0.3 yields for tested toluene concentrations.
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Fig. 1: Measured photochemical age as a function of number of DOFR UV lamps on.
The measured exhaust emission results showed that tested gasoline vehicles could

produce 1 to 4 orders of magnitude more secondary aerosol mass compared to primary
mass with a cold engine.
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INTRODUCTION

Mineral dust is a crucial yet still underestimated factor in the global climate system.
It influences air quality, cloud formation, Earth’s radiation balance, and even
precipitation. It is not only determined by the amount, shape, and mineralogical
composition of the particles, but also by their particle size distribution (PSD, Mahowald
et al, 2014). For dust, the PSD is divided into different size ranges: fine dust with a
diameter smaller than dp < 2.5um, coarse dust with 2.5 < dp < 10pm, super-coarse dust
with 10 < dp < 62.5pum, and giant dust with dp = 62.5um. Fine dust tend to cool the
atmosphere while Coarse dusttend to warm it, much like greenhouse gases it (Adebiyi et
al, 2023). Particle size is also important for cloud microphysics and precipitation
processes (Kok et al, 2023). Three international research projects — J-WADI,
FRAGMENT, and HiLDA — have in recent years made decisive contributions to
sharpening this picture.

The J-WADI project focused on the question of how much super-coarse and giant dust
particles contribute to total dust emission. In September 2022, extensive field campaign
was carried out in the Jordanian desert near Wadi Rum, coordinated by the Barcelona
Supercomputing Center (BSC) together with Institute of Meteorology and Climate
Research (IMK-TRO) at the Karlsruhe Institute of Technology (KIT).

While J-WADI highlighted the importance of particle size, the FRAGMENT project
focused on dust composition and its effects upon climate. In September 2019,
measurements were conducted in Morocco’s Lower Draa Valley, a hotspot for freshly
emitted dust. The aim was to characterize not only size distributions but also mineralogy
and physical properties in detail.

Arctic regions are often seen as pristine and free of major aerosol sources. Yet recent
research shows that significant amounts of mineral dust also arise here and can be
transported over long distances. Iceland plays a key role: with its volcanic sediments,
melting glaciers, and strong winds, the country is one of the largest dust sources in the
Arctic. The Iceland Dust Project was launched as part of the international FRAGMENT
initiative (doi: 10.3030/773051)as well as HiLDA project
(https://gepris.dfg.de/gepris/projekt/417012665).
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Fig. 1: Field Set-ups (FRAGMENT) - Lower Draa Valley, Dyngjuéandur, Wadi Rum

METHODOLOGY

A multi-instrument strategy was applied to cover the full spectrum of particles from
ultrafine to very large sizes (see Table 1). The aerosol spectrometer suite included the
UCASS (Universal Cloud and Aerosol Sounding System, designed at the University of
Hertfordshire; Smith et al., 2019), the saltation particle counter SANTRIZ (Standalone
AeoliaN Transport Real-time Instrument, 160 second edition, designed at the Desert
Research Institute; Etyemezian et al. 2017; Goossens et al. 2018). Extended by an EN
16450-certified fine dust monitoring device (Fidas® 200S, Palas GmbH) providing high-
resolution real-time data for PM1, PM2.5, and PM10. As an EN 16450-certified reference
instrument, which is used worldwide in official monitoring networks and provides
validated, regulatory-grade data.
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Tab. 1: Characteristics of the instruments used

Instrume  Principle Light Inlet Diamete Scatter Positi Resolutio
nt r ing on n
UCASS light scatt.  Laser Nearly 1-20pm  16-104° rotat. 16 bins

658n  openpath  2-80um mast
m
Welas light scatt. Xenon Directional 1-100pum 90° scaffol 256 bins
ding
Fidas light scatt. =~ LED  Directional 0.4-37um 90° scaffol 256 bins
ding
CDA light scatt.  White Sigma-2 0.75- 90° scaffol 256 bins
100pum ding
SANTRI2Z shadowing Diode Open path 85- none rotat. 7 bins
890n 200pm mast
m

It was complemented by the high-resolution aerosol spectrometers (Promo® 2000
with welas® 2300/2500 aerosol sensors, Palas GmbH) to measure airborne dust
concentration per size class at 1 Hz, measuring size distributions between 0.2 and 40 pm
directly at the source, which provided time-resolved measurements that captured
dynamic changes in particle fluxes. Samples were collected with impactors and samplers,
then analyzed in the laboratory using scanning electron microscopy (SEM) and energy-
dispersive X-ray spectroscopy (EDX). Set-up was also combined with the Cloud Droplet
Analyzer (CDA, Palas GmbH), which made large spherical particles and droplets
measurable, and meteorological sensors and eddy covariance systems, this yielded a
comprehensive picture of emission processes.
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Fig. 2: (a) ]-WADI - Welas, Fidas, and CDA
RESULTS, DISCUSSION, CONCLUSIONS
The measurements demonstrated that particles larger than ten micrometers can

account for up to 90 percent of total dust mass. Particularly striking was a maximum at
around 60 um — a size class rarely considered in climate models. Moreover, particles
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larger than 60 pm were still detectable at several meters above ground, indicating that
such large particles can be transported by strong winds across several kilometers —
significantly farther than previously assumed.

Another key finding was the role of dry deposition: Large particles are removed from
the atmosphere very quickly. Even particles just 5 um in diameter are deposited at rates
of around 65 percent near the source (Gonzalez-Florez et al., 2023). This means that
measurements taken far from emission points systematically underestimate the share of
large particles — one of the main reasons why many climate models have so far
represented the true effects of mineral dust at its source only inadequately.

The results shown that dust emissions in Iceland are spatially variable, in contrast to
those in hot deserts. In the Dyngjusandur region, dust concentrations of more than 10,000
ug/m?* PM10 were measured during several events. The particles exhibited a wide size
distribution, with mass median diameters of about 12 um for freshly emitted dust plumes
(Gonzalez-Romero et al. 2024). To contextualize the findings, results were compared with
previous research on mineral dust size distributions. The avg J-WADI data aligns well with
the avg “SOURCE” dataset from Formenti and Di Biagio (2024), with larger proportion of
larger particles.
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Fig. 3: PSDs from different field campaigns within one day after emission (Meyer et
al. 2025)
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INTRODUCTION

Modeling secondary aerosols using chemical transport models (CTMs) has remained
a major challenge for several decades. The concentrations of secondary aerosols
predicted by CTMs are subject to uncertainties arising from several factors. These include
(1) missing emissions in the inventories used for CTM simulations, (2) simplifying
assumptions in the model representation of secondary aerosol formation and processes,
and (3) uncertainties in the gas-phase chemical mechanisms that control the
concentrations of aerosol precursors. Here, we present selected results from our study of
the sources and uncertainties of secondary aerosols in the Central European region,
previously published in Bartik et al. (2021, 2024) and in the preprint by Bartik et al.
(2025).

METHODOLOGY

In all three papers, we employed an offline-coupled modeling framework comprising
the Comprehensive Air Quality Model with Extensions (CAMx), the Weather Research and
Forecasting (WRF) model, and the Model of Emissions of Gases and Aerosols from Nature
(MEGAN). The simulations were performed over the Central European domain with a
horizontal resolution of 9 km for the years 2018-20109.

In Bartik et al. (2021), we studied, among other aspects, the impact of applying two
different thermodynamic equilibrium models governing the evolution of inorganic
aerosols in CAMx, namely ISORROPIA and EQSAM4clim.

In Bartik et al (2024), we applied two complementary approaches: the first
quantified the contributions of emissions from individual GNFR (Gridded Nomenclature
for Reporting) sectors to total PMzs and its major secondary components (ammonium,
nitrate, sulfate, and secondary organic aerosol, SOA), while the second assessed the
impacts of their complete removal. Specifically, to determine source contributions, we
used the Particulate Source Apportionment Technology (PSAT), which is directly
implemented in CAMx. To assess the impacts of emission removal, we applied the zero-
out method. In the PSAT experiment, secondary organic aerosol (SOA) was modeled using
the SOAP module, as this is the only available option in current versions of CAMx. In
contrast, for the impact assessment, we conducted two series of experiments—SOAP and
VBS—in which SOA was simulated using both built-in modules, SOAP and the 1.5-D VBS,
respectively.

In Bartik et al (2025), we investigated the effects of various emission
parameterizations, chemical mechanisms, and chemical boundary condition (CBC)
treatments on modeled primary organic aerosol (POA) and SOA concentrations through
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two sensitivity analyses. The first analysis examined the influence of different approaches
to estimating emissions of semi-volatile organic compounds (SVOCs) and intermediate-
volatility organic compounds (IVOCs), combining two gas-phase chemical mechanisms
(CB6r5 and SAPRCO7TC) with two organic aerosol (OA) chemistry schemes (SOAP and
the 1.5-D VBS) and including additional chemical aging in the 1.5-D VBS. The second
analysis evaluated the role of large-scale transport of OA by replacing the CBCs of two
reference configurations from the first analysis, which did not include aerosol species,
with those derived from the CAMS EAC4 reanalysis.

Detailed descriptions of the individual model experiments are provided in the
respective articles.

RESULTS AND CONCLUSIONS

In Bartik et al. (2021), we compared seasonal concentrations of sulfate, nitrate, and
ammonium simulated by ISORROPIA and EQSAM4clim for 2018. For sulfate, the
concentrations simulated by EQSAM4clim were very similar to those from ISORROPIA,
with domain-mean seasonal relative percentage differences (RPDs, calculated as
(EQSAM4clim - ISORROPIA) / ISORROPIA) ranging from 0.3 % in spring to 1.6 % in
winter. For ammonium, EQSAM4clim generally produced lower concentrations than
ISORROPIA, with domain-mean seasonal RPDs ranging from -0.5 % in winter to -10 % in
summer. The largest differences were found for nitrate: domain-mean seasonal RPDs
were -3 % in winter, -3 % in spring, and -8 % in autumn, but reached -32 % in summer.
Locally, underestimations reached up to -70 % in Slovakia, Hungary, southern Austria,
and Slovenia, while overestimations of about 15 % occurred in the Alps during winter.

The results of Bartik et al. (2024) provide detailed information on the dominant
seasonal sources of PMzs and its components in Central Europe, as well as on the expected
effects of sector-specific emission reductions. In general, the results showed marked
spatial and seasonal variability in both contributions and impacts across the region. Table
1 summarizes the emission sectors with the highest mean seasonal contributions to PMzs
in the PSAT experiment and the highest seasonal impacts on PMzs in the SOAP
experiment.

In winter, the mean seasonal contributions to PM2s5 were dominated by other
stationary combustion, boundary conditions, road transport, agriculture-livestock,
industrial sources, and agriculture-other, while in summer, biogenic sources were
dominant, followed by road transport, industrial sources, boundary conditions, and other
stationary combustion. In winter, the highest impacts in the SOAP experiment were
associated with other stationary combustion, agriculture-livestock, road transport,
agriculture-other, and industrial sources, and in summer with agriculture-livestock, road
transport, industrial sources, other stationary combustion, and shipping.

Table 1: Emission sectors with the highest mean seasonal contributions to PMzs in the

PSAT experiment and the highest seasonal impacts on PMzs in the SOAP experiment.

Values in parentheses represent domain-averaged contributions/impacts in ug.m>.

Season Contribution in PSAT Impact in SOAP
Winter Oth. stationary combustion (3.2) Oth. stationary combustion (3.4)
Boundary conditions (2.1) Agriculture-livestock (2.9)
Road transport (1.4) Road transport (1.4)
Agriculture-livestock (0.9) Agriculture-other (1.1)

96



Industrial sources (0.6) Industrial sources (0.6)

Summer Biogenic emission (0.57) Agriculture-livestock (0.46)
Road transport (0.31) Road transport (0.45)
Industrial sources (0.28) Industrial sources (0.34)
Boundary conditions (0.27) Oth. stationary combustion (0.29)
Oth. Stationary combustion (0.25) Shipping (0.20)

The differences between the contributions and impacts were almost entirely
attributable to secondary aerosol components. The most pronounced differences were
linked to emissions from agriculture-livestock through their indirect influence on
particulate nitrate formation.

The comparison between the SOAP and VBS experiments showed that the use of the
1.5-D VBS scheme, together with IVOC and SVOC emissions, led to increased impacts from
other stationary combustion and road transport in winter, and from road transport in
summer.

The first sensitivity analysis in Bartik et al. (2025) showed that source-specific and
non-source-specific IVOC and SVOC emission estimates significantly affect the modeled
POA and SOA concentrations. The best agreement with the observed daily organic carbon
(OC) concentrations was obtained when the OA chemistry was represented by the 1.5-D
VBS scheme with aging of POA and SOA from all anthropogenic sources and SOA from
biogenic sources. This setting most strongly reduced the OC underestimation present in
all experiments. Model performance was generally better in winter than in summer, with
variations by station location.

The second analysis examined the impact of OA from outside the domain via CBCs,
highlighting uncertainties linked to the unknown POA:SOA split at the boundaries.
Incorporating OA into the CBCs improved model predictions at all stations, with the
magnitude of improvement increasing with the POA share in OA. The largest gains in FAC2
occurred in the summer, indicating a strong influence of OA transport during this season.
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SUMMARY

In this work, we will introduce a general statistical framework for analysis of
multivariate time series of count concentrations of particles monitored simultaneously
for several size intervals. We will demonstrate its use for two concrete analysis types: i)
decomposition of the series into several interpretable components: annual trend,
seasonality, weekly and daily periodicity in hourly resolution, ii) structured modeling of
potentially nonlinear influence of direction, speed of the wind and PBLH upon the count
concentrations. Both model types will be illustrated on unique and long SMPS time series
with aggregation to the size intervals [10,25]; (25,50]; (50,200]; (200,500] nm, measured
over many years in Praha Suchdol at ICPF. Models we will be illustrating are respecting
basic distributional properties of the count concentrations and hence are multivariate
normal, with components based on complexity penalized splines. We will show
interpretation of individual terms and fundamentally different behavior of different size
intervals. Important role is played not only by marginal nonlinearity, but also interaction
between different components (e.g. weekly and daily periodicity pattern is deformed
during a year, or windspeed effect is substantially modified by wind direction due to
different sources) modeled via tensor product splines.

SOUHRN

V ptispévku predstavime obecnou statistickou metodologii pro analyzu
vicerozmérnych casovych rad pocetnich koncentraci c¢astic mérenych simultanné
v nékolika velikostnich tiidach. UkaZeme jeji konkrétni pouZiti pro dva typy analyz: i)
dekompozici fad do nékolika snadno interpretovatelnych slozek: meziro¢niho trendu,
sezonni slozky uvnitt roku, tydenni a denni periodicity v rozliSeni po hodinach, ii)
strukturované modelovani potencidlné nelinedrniho vlivu sméru, sily vétru a PBLH na
pocetni koncentrace, a to diferencované pro rtzné velikostni tfidy. Oba typy modelt
ilustrujeme na unikatnich, dlouhych SMPS ¢asovych radach s agregaci do velikostnich ttid
[10,25]; (25,50]; (50,200]; (200,500] nm, naméfenych v UCHP na v Praze Suchdole.
Modely, které pro analyzu formulujeme a pouzivame respektuji zakladni rysy distribuce
poCetnich koncentraci, a jsou tedy formulované jako vicerozmérné lognormalni, s
komponentami zaloZenymi na splinech s penalizaci na komplexitu. UkaZeme interpretaci
jednotlivych slozek i odlisné chovani riznych velikostnich tiid. Podstatna je pritom nejen
vyraznd nelinearita, ale i interakce vlivu rtznych slozek (napriklad tydenni a hodinova
slozka se v priibéhu roku vyrazné deformuje, podobné vliv sily vétru interguje se smérem
vzhledem k prostorové distribuci zdroji) modelované s pomoci tensor product splind.
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SUMMARY

Atmospheric deposition is a key environmental process (Seinfeld - Pandis, 2006). On
the one hand, it substantially contributes to the self-cleaning of our atmosphere; on the
other hand, it introduces water, nutrients and pollutants into our environment. Of the
three pathways of real atmospheric deposition (wet, dry and occult), wet deposition is the
most well understood. For many decades, precipitation chemistry networks have
measured the wide range of substances in rain and snow at global (BAPMON), regional
(EMEP, NADP/NTN, CAPMON) and local scales (nation-wide). In the Czech Republic, the
chemistry of precipitation has been measured since the 1970s, and several institutions
(Czech Hydrometeorological Institute, Czech Geological Service, Research Institute of
Forestry and Game Management, Czech Academy of Sciences) currently contribute their
results to the nation-wide ISKO database (Information System of Ambient Air Quality),
which is operated by the Czech Hydrometeorological Institute (CHMI). These data are
evaluated on a yearly basis by the CHMI, and spatial maps of atmospheric deposition
fluxes of environmentally important substances with a spatial resolution of 1 x 1 km are
provided to both researchers, governmental bodies and interested public (CHMI, 2025).
These maps, which visualise deposition fluxes of sulphur, nitrogen and hydrogen, and
toxic metals (lead, cadmium, nickel) are freely available at www.chmi.cz.

Reliable data on precipitation chemistry are needed not only in themselves, but also
as relevant and extremely important practical information on the input of substances into
forest, semi-natural and agricultural ecosystems, as well as into water bodies, with
respect to their negative effects. Furthermore, this information is indispensable for
extended scientific studies of biogeochemical cycles and global change.

This contribution aims to present long-term changes in precipitation chemistry in the
Czech Republic, as evidenced by long-term monitoring efforts. These changes are
expressed not only as increases or decreases of individual pollutants, but also as time
trends of the ratios of these pollutants. The results clearly show important changes in the
relative proportions of the major pollutants, i.e. sulphates. nitrates and ammonium ions
(see Fig. 1), which: (i) reveal substantial changes in the composition of the atmosphere
with respect to changing emission levels, (ii) suggest changes in atmospheric chemistry
and (iii) indicate potential impacts on ecosystems and the environment. Further detailed
information can be found for example in Hlinova et al. (2024) and H{inova - Skachova
(2025).
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Fig. 1: Long-term changes in NH4*/NOs3-, NO3-/S042- and NH4*/ SO42%- in precipitation
in the CR in 1990-2024 (Hfinova-Skachova, 2025)
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INTRODUCTION

Due to the decline in ambient air concentrations in the EU over the last decades, the
relative contribution of natural particle sources has been increasing and is becoming
more important for air protection, particularly with a view to 2030, when new emission
standards under Directive 2024 /2881 will come into force. In addition to mineral dust,
biogenic particles can represent a significant fraction of PM. Apart from biogenic primary
particles, biogenic secondary organic aerosols (BSOA) formed from biogenic volatile
organic compounds (BVOCs) can also play a significant role in some areas, especially in
the submicron range. Although freshly formed particles from biogenic VOCs contribute
only a minor fraction to PM mass concentrations, particle accumulation and aggregation
make them more significant during pollution transport. Moreover, the sequential
transformation of BSOA in the atmosphere alters aerosol properties, including their
impact on human health (Mahilang et al., 2021).

For BSOA measurements and characterization, state-of-the-art offline and online
methods are usually employed. In this study, we tested the detection of BSOA using two
conventional optical instruments—the AE33 aethalometer and the FIDAS 200—as signals
from BSOA could potentially influence the measured values and complicate their
interpretation during PM source apportionment, particularly in areas with high BVOC
emissions.

EXPERIMENTAL SETUP

The monitoring site was located in the Jeseniky Mountains in the northern part of the
Czech Republic, where high BVOC emissions were expected due to the extensive spruce
and beech forest cover. At the same time, the long distance from urban areas and roads
ensured a low contribution of anthropogenic sources. Measurements at the Dlouhé Strané
site (GPS: 50.0787678N, 17.1623108E; 1305 m a.s.l.) were conducted from 18 June to 25
September 2024 using the automatic analyzer FIDAS 200 for PM and the AE33
aethalometer for BC. In addition, automatic analyzers were employed to monitor NO, NO,,
NO,, SO,, CO, and 03, along with air temperature, wind speed, and wind direction. As
a complement to the online measurements, PM25 sampling on filters was carried out from
21 June to 22 September 2024. Twenty-four-hour samples were collected every third day
using a low-volume sampler (2.3 m3/h) on quartz filters for laboratory determination of
organic and elemental carbon by the thermo-optical EUSAAR_2 method.

The identification of BSOA was based on correlations among measured chemical and
meteorological parameters, as well as mixture regression analysis using the FLEXMIX
model. To estimate the BSOA contribution to PM, PMF and NMF receptor models were
applied to distinguish aerosol sources based on particle size distribution.
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RESULTS

The polar plots showed that the sources of particles smaller than 300 nm
substantially differed from those of larger particles. This suggested an influence from a
local source, presumably SOA formation. The FIDAS number concentrations for the
smallest assessed bin (184 nm) were strongly positively correlated with OC1 (after
aggregating hourly online measurements to the 24-hour sample resolution) and ozone
(Fig. 1), and negatively correlated with air humidity.
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Fig. 1: Relationship among FIDAS200 channel 184 nm, OC1, and ozone

For the online measurements, two data populations were revealed in the ABC vs.
FIDAS 184 nm scatter plot, classified into two clusters using the FLEXMIX mixture
regression model. These clusters differed substantially not only in the slope of the ABC vs.
FIDAS 184 nm regression line but also in wind speed and temperature. Similarly, two
FLEXMIX clusters, differing in their relationships to ozone, EC, wind speed, and particle
size, were identified for the ABC vs. OC1 offline data. This indicated that small particles
(FIDAS 184 nm) consisted of thermally labile organic carbon (0C1), suggesting fresh SOA.

Using the PMF and NMF models, the same three stable factors of distinct time series
were obtained by processing the FIDAS volume concentrations data, with peaks at
approximately 184-264, 328-543, and >700 nm. The factor representing the smallest
particles exhibited a well-pronounced diurnal variation, with concentrations increasing
during the first half of the day and peaking between 12:00 and 18:00 (Fig. 2).
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Processing this photochemically induced NMF factor (Factor 2) in the same way as
for the FIDAS 184 nm channel revealed similar but even more distinct clusters, with
stronger relationships to meteorological parameters, ozone, EC, and OC1 (Fig. 3). This
supports the interpretation that this factor predominantly represents local BSOA.
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Fig. 3: FLEXMIX clusters for the ABC vs. BSOA NMF factor (24-hour values)

Due to the limitations of FIDAS measurements in the submicron range, the particle
densities derived from measured mass and volume concentrations were unrealistically
high and did not correspond to reasonable values. Nevertheless, we assumed that the
factor peaking at 328-543 nm represented ammonium sulfate, as it showed high
contributions and its polar plot was consistent with the expected source areas. Based on
this assumption, particle density corrections were applied using the same coefficient for
all factors. After this adjustment, particle densities of 1.8, 1.4, and 2.8 corresponded well
to the expected values for ammonium sulfate, biogenic SOA, and mineral dust,
respectively. Using these values, the estimated mean mass contribution of biogenic SOA
was 45% for PM1 and 36% for PMzs.

CONCLUSIONS

Biogenic SOA yields a significant signal in both FIDAS 200 and AE33 measurements,
and this should be taken into account in source apportionment studies, particularly at
low-pollution sites. Due to the limitations of optical measurements for particles smaller
than 1 pm, advanced methods statistical analyses are required for biogenic SOA
quantification. At forested mountain background sites, BSOA may represent the main
summer PMi source and may contribute more than one third to PMz..
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SUMMARY

Detailed sample characterization is important for proper assessment of toxicity
and risks posed with contaminant presence in environmental samples. Proper evaluation
of toxicity in compound mixtures requires quantification of low-level contaminants.
Compound ionization plays an important role in compound quantitation and
identification. Electron ionization (EI) and negative chemical ionization (NCI) are the
most common ionization techniques used in gas chromatography mass spectrometry (GC-
MS), but show certain disadvantages. For example, El is a hard ionization technique which
often causes unwanted in-source fragmentation. On the other hand NCI, a soft ionization
technique, may lead to the production of unwanted adducts as a result of using a modifier
to lower the fragmentation. Recent development in GC-MS has commercially introduced
various atmospheric pressure chemical ionization (APCI) systems. The principle of APCI
has been mostly applied in the field of liquid chromatography mass spectrometry (LC-
MS). GC-APCI-MS is a soft ionization technique that produces higher abundance of
molecular ions without the use of a modifier, thus decreasing production of adducts. APCI
is highly advantageous when combined with tandem mass spectrometry (MS/MS), as it
provides a highly sensitive detection technique that is able to correctly identify
compounds.

GC-APCI-MS/MS was applied for the analysis of polycyclic aromatic hydrocarbons
(PAHs) and their derivates, nitro- and oxy- PAHs in environmental samples (air, soil,
water). Lower detection and quantitation limits of PAHs, nitro- and oxyPAHs were
obtained when analyzed on the GC-APCI-MS/MS compared to the previously used GC-NCI-
MS or GC-EI-MS/MS. Further GC-APCI-MS/MS was applied also for determination of
organochlorine pesticides (OCPs), such as aldrin, dieldrin, endosulafan, chlordanes;
alternative flame retardants (AFRs) in environmental samples.
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INTRODUCTION

Black carbon (BC) absorbs very effectively radiation over the entire visible spectrum
(from near-UV to near-IR), while brown carbon (BrC) absorbs predominantly in the
ultraviolet (UV) band and the short visible wavelength (Bon et al., 2013; Drinovec et al.
2015; Leskinen et al,, 2020). The absorption Angstrém exponent (AAE) describes the
wavelength dependence of light absorption by aerosols and can be used to differentiate
between different aerosol types (black and brown carbon) and sources (fossil fuel and
biomass burning). This study investigates the size dependence of AAE of aerosols from
different sources at a rural background site.

EXPERIMENTAL SETUP

Ground-based (4 m a.g.l.) measurements were carried out from April 25 to May 5, 2023,
at the National Atmospheric Observatory KoSetice (NAOK; 49°35'N, 15°05'E), Czech
Republic. The 1-minute spectral absorption coefficient (6a) was obtained with an AE33
aethalometer (Magee Scientific, Berkeley, CA, USA) measuring equivalent BC at seven
wavelengths (370,470,520, 590, 660, 880, and 950 nm). Particle number size distribution
(PNSD, 10 - 800 nm) and size-resolved PM1 organic aerosols (OA) were also measured
with a collocated scanning mobility particle sizer and an aerosol mass spectrometer,
respectively, both measuring every 5 min.

RESULTS AND CONCLUSIONS

AAE was computed using a power law fit in logarithmic space of the 7 dab versus the
corresponding wavelengths, and optimized AAE for fossil fuel (AAEf) and biomass
burning (AAEbb) were determined from the 5thand 95t percentile, respectively. The
overall AAE during our survey (1.39 *+ 0.20) is consistent with that observed at NAOK
during spring (Mbengue et al., 2020). The AAEs of 1.12 + 0.09 is close to that of fresh BC
particles, consistent with those reported by Savadkoohi et al. (2025) at regional
background (RB), urban traffic (UBT), and suburban (SUB) sites in Europe (Fig. 1). The
higher AAEwb compared to European RB, UBT, and SUB sites could be attributed to the
influence of fresh emissions from the traditional Burning of the Witches, a large-scale
biomass burning event in the Czech Republic. AAEs, was strongly correlated with
dan_BrCszo (r = 0.89) and was more sensitive to particle size, unlike AAEs (0.86 - 1.20).
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Figure 1: Mean (# std) AAEg and AAE»» measured at NAOK and those measured at regional
background (RB), urban traffic (UBT) and suburban (SUB) sites in Europe (Savadkoohi et
al, 2025).

The overall PNSD shows the prevalence of particles < 100 nm. Although higher in number,
ultrafine particles smaller than 80 nm were not correlated with AAEbb. Conversely, the
higher correlation with AAEbb was observed for particle number concentration in the size
range 100 - 400 nm (r = 0.86). This aligns with the stronger correlation between AAEbb
and mass concentration of organic aerosol > 100 nm, with the highest value observed for
particles in the 200 - 400 nm range (r = 0.90).
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INTRODUCTION

While exhaust emissions from cars in the EU are clearly declining, the future of non-
exhaust emissions looks more pessimistic. The relative importance of these emissions is
therefore expected to increase in terms of air quality and human health.

Road dust samples were collected in all regions and seasons. Based on subsequent
laboratory and statistical processing, the spatiotemporal distribution of elements and
PAHs was evaluated. Furthermore, the contribution of road dust resuspension to air
concentrations was estimated and the associated health impacts were assessed.
Significant regional and seasonal differences in PAHs and metals were found. Air quality,
leading to atmospheric deposition, was the most important factor contributing to these
differences. In contrast, traffic intensity played only a minor role in influencing metal and
PAH concentrations in road dust.

The aim of this part of the study was to assess regional and seasonal differences in the
chemical composition of road dust in the Czech Republic and to evaluate the potential
health impacts of resuspension, with a particular focus on polycyclic aromatic
hydrocarbons and metals.

The following indicators were evaluated:

e the estimated premature mortality rate;

e the estimated annual number of hospitalizations in the emergency room for heart
patients;

e the estimated annual number of emergency respiratory hospitalizations;

e the number of days of bronchodilator in children aged 5 to 14;

e the number of days of bronchodilator use in adults aged 20 to 64;

e number of days with respiratory symptoms per child aged 5 to 14;

e post-neonatal infant (aged 1 to 12 months) mortality from all causes;

e prevalence of bronchitis in children aged 6 to 12 (6 to 18 years);

e prevalence of bronchitis in adults aged 18+;

e incidence of asthma symptoms in asthmatic children;

e estimate of the number of additional cases for individual monitored carcinogenic
components
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RESULTS, CONCLUSIONS

1. Estimation of the impact of atmospheric deposition of PM1o fraction on public
health in connection with particle resuspension due to traffic

Tab. 1. Average of measured PM1o concentrations [pug/m3] and estimate of premature

mortality
Location autumn summer “summer + autumn”
Praha - Libus 17.8 14.4 16.3
Usti n/L - Prokopa Divise 26.0 17.4 21.6
Zlin - Velké kino 21.1 17.2 19.1

Estimate of premature mortality in % for "autumn and summer" - represents
the calendar year

Praha - Libus 2.5
Usti n/L - Prokopa Divise 4.6
Zlin - Velké kino 3.6

Tab. 2. Average PM1o concentrations in resuspesion [ug/m3] and estimate of premature
mortality

Location Contribution from Premature mortality
resuspesion estimate in %

Praha - Libu$ 1.9 0.8

Usti n/L - Prokopa Divise 2.4 1.0

Zlin - Velké kino 2.7 1.1

The estimated premature mortality rate by 0.8% (Prague) to 1.1% (Zlin)

2. Estimation of the impact of atmospheric deposition of PAHs (Benzo[a]pyrene -
BaP) and selected metals on public health in connection with the resuspension of particles
due to traffic. The assessment of carcinogens is based on the theory of no threshold effect.

This theory assumes that there is no concentration below which the effect of a given
substance is zero. Any exposure poses a certain risk, and the magnitude of this risk
increases with increasing exposure. The degree of carcinogenic potential of a given
substance is expressed by the cancer risk guideline. The UCR/ICR, i.e., the carcinogenic
risk unit/inhalation carcinogenic risk (the risk of developing cancer as a result of lifelong
inhalation of air with a concentration of the evaluated substance equal to 1 pg/m3), is used
for the assessment.

Tab. 3. Average of measured BaP, As, Cd and Ni concentrations [ng/m?3]

Location BaP [ng/m3] As[ng/m3] Cd[ng/m3] Ni[ng/m3]
Praha - Libus 0.051 0.059 0.133 0.013
Usti n/L - Prokopa Divise 0.048 0.069 0.100 0.028
Zlin - Velké kino 0.079 0.086 0.195 0.029

Note: The higher Cd values in resuspensions are somewhat unexpected.
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BaP - the carcinogenic health risk from resuspension is approximately 100 times
lower than in outdoor air at all three locations evaluated. The values there are
between 4.2 x 10-6 to 6.9 x 10-°.

As - the carcinogenic health risk from resuspension is approximately 10 times
lower than in outdoor air at all three locations. The values there are between 8.9 x
108to0 1.3 x 107.

Cd - the carcinogenic health risk from resuspension is approximately comparable
to the values measured in outdoor air at all three locations. The values there are
between 4.9 x 10-8 to 9.6 x 10-8.

Ni - the carcinogenic health risk from resuspension is approximately 10 times
lower at all three locations than in outdoor air. The values there are between 5.5 x
109to 1.1 x 10-8.

The conversion to population risk is not performed here because the measured locations
are not representative of the entire urban population. There is obviously high local

variability, which complicates interpretation.
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SUMMARY

Understanding the origin and type of organic aerosol (OA) is essential for
determining its impact on air quality, climate, and health. In this study, we focus on
determination of the source/state of OA analyzed using aerosol mass spectrometry. This
was performed both online, directly at the station, and offline in the laboratory using
analyses of fine aerosol (PM1) collected on filters. Parallel sampling for online and offline
analysis allows us to subsequently assess the validity of given methods.

UvoD

Porozumnéni ptivodu a typu organického aerosolu (OA) je podstatné pro zjiSténi
jeho vlivu na kvalitu ovzdusi, klima i zdravi. V této praci se zaméfujeme na urceni
zdroje/stavu OA analyzovaného pomoci aerosolové hmotnostni spektrometrie, ktera byla
provadéna jak online, primo na stanici, tak offline v laboratori pomoci analyz jemného
aerosolu (PM1) odebraného na filtry. Paralelni odbér pro online a offline analyzu
umoznuje nasledné posoudit validitu danych metod.

METODIKA

Méreni PM1 byla provadéna béhem léta (23. ¢ervna - 30. srpna) 2023 na Narodni
atmosférické observatori Kosetice (NAOK, N 49°35/, E 15°05'; 534 m n. m.)

Pro online analyzy byla pouzita 5-ti minutova data z aerosolového hmotnostniho
spektrometru (AMS), konkrétné typ C-ToF-AMS, doplnéna o koncentrace ekvivalentniho
cerného uhliku (eBC) mérené v 1 minutovém rozliSeni pomoci aethalometru (typ AE33,
Magee Scientific) a méreni elementarniho a organického uhliku (4-h rozliseni).

Pro offline méreni byly kazdy druhy den provadény 24-h odbéry aerosolii na
kiremenné filtry, na kterych byla provedena gravimetrie, analyza vodou rozpustnych ionti
a také analyza vysokorozliSovacim hmotnostnim spektrometrem (typ HR-ToF-AMS).
Soubor dat byl doplnén o meteorologické parametry a klastrové analyzy prevladajicich
smérl vétru.
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VYSLEDKY, DISKUSE, ZAVERY

Z hlediska sloZeni letniho PM1 prevladal OA nasledovany sirany (SO42-), amonnymi
ionty (NH4*), eBC a dusitnany (NOs’). Pomoci pozitivni maticové faktorizace (PMF)
s multilinearni engine (ME-2) doslo k rozdéleni OA do rliznych faktortl z hlediska jejich
hmotnostnich spekter a ¢asovych rad pomoci programu Source Finder (SoFi). Obrazek 1
ukazuje vysledky PMF analyzy jak pro online tak pro offline méreni. Online data poskytla
nejsmysluplnéjsi 4-faktorové reseni, pricemz valnou vétSinu tvori oxidované OA (00A).
Relativné podobny vysledek ukazuje i PMF analyza offline dat (Obr.1b), ve které také
pievazuji OOA, ale analyza zaroven poskytla o jeden neznamy faktor vice, jehoz specifické
urceni bude dale diskutovano. Obecné ukazuji obé metody dobrou shodu ve variacich i
mnozstvi jednotlivych faktorti. Vyhodou online dat je moZnost urcit denni chody
jednotlivych faktort. Naopak, pridanou hodnotou offline méreni je moZnost urceni
ptivodu faktoru bud’ ve vodé rozpustném, nebo vodé nerozpustném aerosolu. Detaily
budou diskutovany béhem piednasky.

(@) | ONLINE data fator
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| HOA
o | || BBOA
E, 10 | |
- | ny |
Sl LI |‘MI ) l& WW‘ M
| \ | ~ | J\ J ~ |W
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4008 =
iy (b) OFFLINE data factor OM/OC
§ aoo HRTOTAUS = oSt
> FFOA  1.36
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5 2000 — I I I I I unknown 1.70 |
g |
% 1000 — I I I I [ I I
| I I - - | ol [ | - |
0 T T T T T

| l T l T I T I T

time 1/7/23 1/7/23  21/7/23  31/7/23  10/8/23  20/8/23  30/8/23
Obrazek 1: Prispévek faktort z online (C-ToF-AMS) a offline méteni (HR-ToF-AMS).
Legenda: OM/OC - pomér organické hmoty a organického uhliku, faktory MO-OO0A a LO-
0OO0A - vice oxidované a méné oxidované organickeé aerosoly, BBOA - organické aerosoly
za spalovani biomasy, HOA - Cerstvé organické aerosoly, FFOA - organické aerosoly ze
spalovani fosilnich paliv, ,unknown” - nepritazeny faktor.
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INTRODUCTION

Advanced methods for greenhouse gas (GHG) emission reduction and sequestration
in agricultural and forest landscapes for climate change mitigation are the focus of the
AdAgriF project. The structure of this project is divided into three main thematic areas.
The first (FluxBASE) focuses on understanding key GHG cycles from the molecular to the
landscape level and developing methods for their mitigation. The second work package
(FluxPRISM) focuses on developing a high-resolution system that integrates in-situ
measurements, ecosystem modeling, and atmospheric modeling for real-time attribution
and prediction of GHG fluxes, while the third FluxCOMM, involves the development of a
mechanism that maximizes GHG emission reductions without compromising key
ecosystem services.

EXPERIMENTAL SETUP

The topic of this presentation is the development of a new precision GHG
measurement system within FluxPRISM. The system includes the development of a
measurement system and its installation at a specific location, as well as the development
of control and evaluation software. The complete measurement network consists of 12
newly installed stations across the Czech Republic, complemented by the superstation
KreSin (part of the National Atmospheric Observatory KoSetice), which has been
operational since 2014 and is classified as an ICOS station class 1. Our superstation will
serve as a calibration and reference point for accurate GHG measurements, enabling the
integration of any European ICOS station into the estimation of biospheric fluxes using
Lagrangian particle dispersion models in the future.

RESULTS AND CONCLUSIONS

The GHG fluxes obtained are further analyzed through backward recalibration of
process-based models, integration with weather forecasts for GHG flux prediction,
regional carbon balance assessments, and spatial disaggregation using remote sensing
down to the field scale. This enables attribution of observed fluxes to specific land
management practices and their impact on the GHG balance.

The system is currently under intensive development, with gas analyzers being
installed or activated on telecom towers, and the first simulations already completed. This
conference contribution presents the system’s core principles and initial results of
spatially distributed, country-wide CO, flux estimates.

113



The expected outcome is a significantly improved understanding of GHG fluxes in the
Czech Republic, with much finer spatiotemporal resolution than currently offered by
national inventories, global or European inversions, or machine-learning-based eddy
covariance estimates.
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Figure 1: Scheme of the FluxPRISM network.
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The map showing the location of measuring stations including GHG flux
modeling.
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INTRODUCTION

Climate change is expected to increase the frequency and intensity of extreme
weather events in Central Europe, including heat waves (HWs). These events can strongly
affect air quality by enhancing atmospheric stagnation, leading to elevated ozone and
particulate matter concentrations (Wu et al., 2019). Higher temperatures also stimulate
emissions of biogenic volatile organic compounds (BVOCs) such as isoprene and terpenes,
which contribute to the formation of secondary pollutants (Churkina et al., 2017). Since
HWs are projected to become more common in the future (Corréa, 2025), their role in
BVOC emissions deserves closer attention. For this reason, we investigated the effect of
HWs on isoprene and terpene levels at two Czech observatories.

METHODS

This study was conducted at two Czech observatories operated by Czech
Hydrometeorological Institute with contrasting environments. The National Atmospheric
Observatory KosSetice (NAOK, 49.57°N, 14.79°E, 534 m a.s.l.) represents a rural
background site in the Vysocina region, while the Libu§ Observatory (Prague, 50.0°N,
14.44°E, 302 m a.s.l.) is a suburban site in the southern part of the capital with stronger
anthropogenic influence. Isoprene has been monitored since 1995 by canister sampling
according to the EMEP manual and analyzed by gas chromatography at both
observatories. During summer 2023, a case study using PTR-TOF-MS to measure isoprene
and monoterpenes was peformed at NAOK. Anthropogenic isoprene was estimated using
1,3-butadiene as a tracer, following the methodology described by Reimann et al. (1999).
Air temperature data at both sites were obtained from Vaisala HMP sensors. Heatwaves
(HWs) were defined in this study as periods of at least three consecutive days with daily
maximum temperature equal to or exceeding the 95th percentile of the long-term
temperature distribution (1988-2024) at NAOK. For the KoSetice observatory, this
threshold corresponds to 26.7 °C, while the long-term temperature distribution (1988-
2024) at the Libus$ observatory set this threshold to 29.3 °C.

RESULTS AND DISCUSSION

At Libus$, median isoprene concentrations during days with median temperatures
reached 0.20 pg-m~3, while during HWs they increased to 1.00 ug-m™3. At NAOK, the
respective values were 0.03 pg-m™> and 0.75 pg-m~3. The long-term dataset from NAOK
further showed that from 2018 onwards, HW-related median isoprene concentrations
regularly exceeded 1 pg-m~3, whereas between 1995 and 2017 this occurred only
occasionally. Correlation analysis indicated that the overall relationship between
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isoprene and temperature was moderate (R = 0.47), but strengthened substantially
during HWs (R =0.71).
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Fig. 1. Annual overview of Isoprene concentrations during regular day temperatures
and HW events (2021-2023) from NAOK and Libus$ Observatories.

CONCLUSIONS

The comparison of rural and suburban environments confirms that HWs strongly
enhance isoprene concentrations, due to site-specification. While NAOK showed lower
baseline levels, the relative increase during HWs was more pronounced, highlighting the
sensitivity of biogenic sources. In contrast, Libu$ exhibited higher absolute
concentrations, reflecting the influence of both biogenic and anthropogenic contributions.
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SUMMARY

Corona discharge in electrostatic precipitators (ESPs) ionises gases, charging
suspended particles for collection. Accurate charging models are essential for predicting
particle behaviour and optimising ESP design. At discharge electrode edges, the electric
field generates non-thermal plasma that triggers reactions leading to the removal of NOx
and VOCs. The reactions’ products nucleate in the ionised environment into new
nanometre-scale aerosols, which must also be collected to prevent secondary pollution.
Current charging calculations for ultrafine particles are inaccurate, and these inaccuracies
compromise ESP design and increase combustion emissions. This work proposes a robust
charging model for particles up to 50 nm in corona discharge fields, suitable for practical
engineering applications.

0voD

Typicky kordénovy vyboj v elektrostatickych odlucovacich (EO) ionizuje plyny, ¢imZ
se suspendované castice nabijeji a nasledné odlucuji. Vzhledem k tomu, Ze nabijeni je
zakladnim krokem, je pifesné modelovani tohoto procesu nezbytné pro spravny popis
chovani ¢astic v poli EO a tvori zaklad pro navrh optimalni konstrukci EO.

Je zndmo, Ze v britkosti srsicich elektrod, elektrické pole generuje netermalni plazma,
které nevyhnutelné spousti radu chemickych reakci vedoucich k dekontaminaci NOx
volatilnych organickych latek. Produkty téchto reakci v ionizovaném prostiedi
korénového vyboje nukleuji do novych aerosoli s velikosti v nanometrovém meritku.
Tyto nanocastice predstavuji vyznamny zdroj potencidlniho zneciSténi ovzdusi, pokud
nejsou efektivné odstranény. Presnd predikce jejich nabijeni je proto klicova pro
minimalizaci emisi.

Stavajici metody vypoctu naboje pri elektrostatickém odlucovani ¢astic o velikosti
pouhych nékolika desetin nanometri Casto poskytuji nepresné vysledky: napriklad
metody uvedené v pracich (White, 1951), (Yoo et al., 1997),(Fuchs, 1947) vedou k
podhodnocenym hodnotdm, zatimco nékteré metody vyvijené pro modelovani
atmosférickych aerosolti, naptiklad (Fuchs and Sutugin, 1971) vykazuji nadhodnocené
nabiti ¢astic pri vysokych koncentracich iontli. Tato mezera muZe zptsobit suboptimalni
navrh ESP, a - nasledné - zvySené emise béhem provozu spalovacich jednotek (Mukherjee
et al., 2024).

Cilem této praci je navrhnout metodu modelovani nabijeni jemnych ¢astic o priiméru
do50 nm v poli korénového vyboje, ktera bude dostatecné robustni a presna pro aplikaci
v podminkach béZné inZenyrské praxe.
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METODIKA

Navrzena metoda zohlediiuje nabijeni ¢astic po srazkach s chaoticky pohybujicimi
ionty a bere v uvahu obrazové sily (image forces) - vznikajici pri priblizeni iontu k

neutralni c¢astici, kdy je v ¢astici indukovan dipélovy moment - které vytvareji pritazny
potencial ovliviiujici trajektorii iontu.

Obr. 1: Vznik obrazové sily
Potencial této sily U;na povrchu ¢astice o poloméru a Ize vyjadrit takto (Lushnikov
and Kulmala, 2005)

__ (ge)* e-1
Ui(a) - lémega e+1 (1)
Kde &,- elektricka konstanta, e - naboj elecktronu, € - relativni permitivita materialu.

Namisto ¢isté nahodnych Brownovych srazek jsou ionty pritahovany k ¢asticim jiz z

vétsich vzdalenosti. Efektivni prirez zachyceni iontl ¢astici se tedy zvySuje o nékterou
délku é (viz Obr.1) a lze jej vyjadrit nasledovné

_ Ui(a)
Opf = ma’ [1 o (2)

Adsorbovany castici naboj tvori Coulombovu kterd odpuzuje ionty stejné polarity.
Tento Coulombiiv potencial 1ze vyjadrit takto:

2
Uela) = — 22

4TEQQ (3)
0
Dynamika nabijeni ¢astice muZe byt vyjadifena touto rovnici
d — Ui(@)+Uc(a)
T = eouNep(D)exp [PLE 0 (4)
VYSLEDKY A DISKUSE

Pro posouzeni platnosti metody a porovnani jeji presnosti s jinymi vySe uvedenymi
metodami byla provedena simulace nabijeni Castic v poli koronového vyboje s

koncentraci ionti priblizné 107 ionti/cm?3 a teplotou 100 °C. Dynamika nabijeni po dobu
10 sekund je znazornéna na Obr.2.
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Obr. 2: Predikce naboje ¢astic

Metody (White, 1951) a (Yoo et al,, 1997), které byly primarné vyvinuty pro vétsi
Castice, systematicky podhodnocuji naboj u ultrajemnych aerosoli. Divodem je
zanedbani obrazovych sil, které maji u ¢astic s primérem pod 50 nm podstatny vliv na
efektivni prarez zachyceni iontii. Naproti tomu metoda (Fuchs and Sutugin, 1971), ackoli
zahrnuje obrazové sily, byla optimalizovana pro atmosférické podminky s nizkymi
koncentracemi ionti, coz vede k nadhodnoceni ndboje pri vysokych iontovych
koncentracich typickych pro korénovy vyboj v ESP.

Pri koncentraci iontd 107 cm™3, kterd odpovidd reidlnym podminkim v
elektrostatickych odlucovacich, se projevuje diilezitd rovnovaha mezi obrazovymi silami
podporujicimi zachyceni iontli a Coulombovym odpuzovanim jiZ nabité Castice.

ZAVERY

NavrZzena metoda kombinuje vliv obrazovych sil a Coulombova potencidlu a
poskytuje presnéjsi predikci nabijeni ultrajemnych aerosolii nez tradi¢ni pristupy
pouzivané v oblasti ESP.

Metoda je formulovana tak, aby byla pouzitelna v béZné inZenyrské praxi. VyZaduje
pouze zakladni vstupni parametry (velikost ¢astic, koncentrace iontd, teplota), které jsou
v provozu ESP béZné méritelné nebo odhadnutelné. Vypocetni narocnost je primérena
pro implementaci do navrhovych algoritmi.

Budouci vyzkum by mél zahrnovat experimentalni validaci metody v redlnych
provoznich podminkach ESP a rozSifeni modelu o vliv vlhkosti spalin a pritomnosti
riznych typu iontd vznikajacych pti koronovém vyboji v riznych atmosférach spalin.

PODEKOVAN{
Prace byla realizovana v ramci projektu TACR, programu Zivotni prosttedi pro Zivot,
SS07010272, s nazvem Vyzkum vhodnych a nevhodnych postupli vytdpéni pevnym
palivem.

LITERATURA

Fuchs, N.A,, 1947. The charges on the particles of aerocolloids. [zv. Akad. Nauk. SSSR, Ser.
Geogr. Geofiz. 11(4).

Fuchs, N.A, Sutugin, A.G., 1971. HIGH-DISPERSED AEROSOLS, in: Hidy, G.M., Brock, J.R.
(Eds.), Topics in Current Aerosol Research. Pergamon, p. 1.

120



Lushnikov, A.A.,, Kulmala, M., 2005. A kinetic theory of particle charging in the free-
molecule regime. Journal of Aerosol Science 36(9), 1069-1088.

Mukherjee, A., Hartikainen, A., Joutsensaari, J., Basnet, S., Mesceriakovas, A., Thalainen, M.,
Yli-Piril4, P., Leskinen, ]., Somero, M., Louhisalmi, |., Fang, Z., Kalberer, M., Rudich, Y.,
Tissari, J., Czech, H., Zimmermann, R., Sippula, 0., 2024. Black carbon and particle
lung-deposited surface area in residential wood combustion emissions: Effects of an
electrostatic precipitator and photochemical aging. Science of The Total
Environment 952, 175840.

White, H.J., 1951. Particle Charging in Electrostatic Precipitation. Transactions of the
American Institute of Electrical Engineers 70(2 ).

Yoo, K.-H,, Lee, ].S., Oh, M.D., 1997. Charging and Collection of Submicron Particles in Two-

Stage Parallel-Plate Electrostatic Precipitators. Aerosol Science and Technology
27(3), 308-323.

121



POSTERY/POSTERS

122



BIOACCESSIBILITY OF ELEMENTS AND OXIDATIVE POTENTIAL OF PM1 USING
SIMULATED LUNG FLUIDS

Hana HLAVACKOVA®2, Jit{ SIDLA3, Hana CIGANKOVAZ, Pavel MIKUSKA?, Jitka
HEGROVA#, Lukas ALEXAZ2, Tomas JURENS

1Vysoké uceni technické v Brné, Fakulta chemickd, Chemie a technologie ochrany
zivotniho prostfedi, Purkyiiova 118, 612 00 Brno, Ceska republika,
xchlavackovah@vutbr.cz
20ddéleni analytické chemie Zivotniho prosttedi, Ustav analytické chemie Akademie véd
Ceské republiky, v. v. i., Veveii 97, 602 00 Brno, Ceska republika

3Vysoké uceni technické v Brné, Fakulta elektrotechniky a komunikaénich technologii,

Ustav biomedicinského inZenyrstvi, Technicka 3058/10, 616 00 Brno, Ceska republika
4Centrum dopravniho vyzkumu. v. v. i., Divize dopravni infrastruktury a Zivotniho

prostiedi, LiSeniska 2657, 636 00 Brno, Ceska republika
SFakultni nemocnice Brno, Neonatologické oddéleni, Jihlavska 340/20, 625 00 Brno,
Ceska republika

Key words: Atmospheric aerosol, PM1, Simulated lung fluid, Oxidative potential
SUMMARY

Air pollution represents a serious environmental issue with significant impacts on
both the environment and human health (Liu et al, 2019). In urban areas, where
emissions from traffic, industry, and other anthropogenic activities are more
concentrated, aerosols form a complex mixture of solid and liquid particles with
potentially harmful effects. Inhaled particles, especially those with smaller aerodynamic
diameters, can penetrate deep into the lungs and affect human health depending on their
size, chemical composition, and bioavailability (Liu et al, 2021). One of the key
parameters that can be used to assess the toxicological impact of aerosol particles is the
oxidative potential (OP), which describes the ability of particles to generate reactive
oxygen species (ROS) in the body. The OP is often associated with the presence of heavy
metals and organic compounds in atmospheric aerosols (Schiavo et al., 2023).

EXPERIMENTAL SETUP

Urban aerosol in the PM1 size fraction was collected using a high-volume aerosol
sampler DHA-77 (Digitel, air flow rate 30 m®/h) onto nitrocellulose membrane filters
(diameter 150 mm, pore size 3 pm, Sartorius) over a 48-hour period. During the winter
campaign (late February to early March), 7 samples were collected, and the same number
was obtained during the summer campaign (August) of 2020.

The collected filters were divided into quarters. One quarter was used for the analysis
of total elemental content. The remaining three quarters were subjected to extraction in
three types of simulated lung fluids (SLFs) for 24 hours in order to determine the
bioaccessibility of particle-bound elements and their oxidative potential (OP).

The OP of PM1 aerosol was assessed using the dithiothreitol (DTT) assay. Filter
extracts were incubated with DTT at 37 °C, and the reaction was quenched at defined time
intervals. The residual amount of DTT was quantified via reaction with DTNB, forming a
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colored product whose concentration was measured by UV-VIS spectrophotometry at
412 nm.

RESULTS AND DISCUSSION

The average mass concentrations of the PM1 fraction were 8.22 + 1.9 ug/m? during
the winter campaign and 12.8 + 3.1 ug/m? during the summer campaign.

Urban PM1 aerosol was analyzed for the content of 21 elements (Na, K, Ca, Sr, Ba, Ti,
V, Cr, Mo, Mn, Fe, Co, Ni, Cu, Cd, Al, Sn, Pb, As, Sb, Se). In general, the concentrations of
elements were lower in winter compared to the summer period.
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Fig. 1: OP of standards by DTT in Gamble solution

The depletion of DTT in SLFs was measured for standards of 11 elemental cations
(Cu?*, Ni?*, Fe?*, Fe3*, Pb?*, Zn?*, Sr?*, V**, Cr3*, Co?*, Mn2"). More detailed results of the
aerosol oxidative potential will be presented at the conference.
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SUMMARY

According to the new EU Air Quality Directive 2024 /2881, which came into force in
December 2024, monitoring Supersites must be prepared in each EU member state. Two
supersites will be built in the Czech Republic to fulfil the monitoring requirements
(including new pollutants).

UvoD

Legislativni omezeni sméfujici ke zlepseni kvality ovzdusi jsou v CR od roku 1990
periodicky vydavany (naptr. Zakon ¢. 309/1991 Sb., Zakon ¢. 201/2012 Sb.)
a novelizovany (Zakon ¢. 172/2018 Sb., Zakon ¢. 42/2025 Sb.). Platna zakonna opatireni
jsou v souladu se smérnici EU 2008/50/ES (aktualizace nékterych priloh smérnici
2015/1480). V roce 2024 vstoupila v platnost nova smérnice EU 2024/2881 o kvalité
vnéjstho ovzdusi a CistsSim ovzdusi pro Evropu. Dle obvyklych pravidel pro implementaci
smérnic maji Clenské staty lhiitu dvou let od ucinosti smérnice pro prijeti odpovidajicich
zakond a predpisti. CR neni vyjimkou, a proto vsoucasné dobé probihd intenzivni
priprava nového zakona o ochrané ovzdusi. Clanek 10 Smérnice 2024 /2881 nové definuje
koncept specializovanych stanic - SUPERLOKALIT.

POZADAVKY NA MERICI PROGRAM

Superlokalitou jsou monitorovaci stanice v méstské a venkovské pozad'ové lokalité. Jejich
pocet je podminén poctem obyvatel a rozlohou statu. Na kazdych 10 milioni obyvatel je
nutno zridit jednu méstskou superlokalitu. Zrizeni jedné venkovské superlokality je
podminéno rozlohou 10 000-100 000 km?, staty s vétsi rozlohou musi zfidit jednu
venkovskou superlokalitu na 100 000 km2. Monitorovaci supelokality v CR budou
spravovany a provozovany Ceskym hydrometeorologickym dstavem a to s vyuZitim
stavajicich stanic Statni sité imisniho monitoringu. Dle pozadavkli smérnice budou
superlokality monitorovat i nové zneciStujici latky - ultrajemné castice, ¢erny uhlik,
elementarni uhlik, amoniak. Priloha VII Smérnice 2024/2881 uvadi seznam
poZadovanych a doporucenych méreni. Rozsahem méreni na pozadové venkovské
lokalité z velké casti odpovida soucCasny soubor méreni na Narodni atmosférické
observatori KoSetice. Zejména diky zapojeni stanice v programu spoluprace pri
monitorovani a vyvhodnocovani dalkového prenosu latek znecistujicich ovzdusi v Evropé
(EMEP) a vyzkumné infrastruktury Aerosol, Clouds and Trace Gases Research
Infrastructure (ACTRIS). Méstskou pozadovou superlokalitou bude pravdépodobné
stanice Ostrava-Poruba, kde bude nutné rozsirit stavajici mérici program pro naplnéni
zdkonnych pozadavki superlokality (Tabulka 1).
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Tab. 1: Pfehled povinnych méfeni na superlokalitach v CR.

Komponent Méstska pozad'ova Venkovska pozad'ova
superlokalita superlokalita

PM1o v v
PMz,5 v v
Tézké kovy (As, Cd, Ni, v v
Pb)
Cerny uhlik v (N) v
Chemické sloZeni PMz;5 v (N) v
Velikostni distribuce v (N) v
castic UFP
Pocet ¢astic UFP v (N) v
NOz, NO, NOx v v
prizemni O3 v (N) v
SO02 v v
Co v (N) v
Benzen v v
benzo[a]pyren v v
NHs X v (N)
VOC online X v (N)
Celkova plynna rtut X v
Celkova depozice BaP, v (N) v
PAH
Celkova depozice As, Cd, v (N) v
Ni, Pb
Depozice Hg v (N) v

*(N) nové zavedené méreni
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INTRODUCTION

High concentrations of aerosol particles in ambient air negatively affect human
health. The harmfulness of aerosols depends largely on where they deposit in the
respiratory tract. Coarse particles are mostly trapped in the upper airways, while fine
particles (PM2.5) penetrate deeper into the lungs, reaching bronchi and alveoli, where
they can cause significant damage (Kitimal et al., 2012).

Combustion processes are one of the main sources of aerosol particles in the
atmosphere. A significant example is the use of small combustion devices (SCDs) for
household heating in winter. Unlike large industrial plants, SCDs are particularly
problematic because their chimneys are low, causing emissions to remain within the
breathing zone of residents, and they are typically not equipped with exhaust cleaning
technologies. Moreover, they are not subject to the same level of regulatory oversight as
large sources of air pollution.

Most emissions from SCDs occur during the heating season, which typically lasts
about five months. This means that the contribution of SCDs to local air pollution in winter
is considerably higher than the annual average values. Outdated combustion technologies,
such as over-fire boilers and boilers with down-draft combustion, are still widely used,
particularly in Central and Eastern Europe, leading to substantial emissions of aerosol
particles during the heating season. In contrast, modern combustion technologies, such
as automatic boilers, produce significantly fewer pollutants. For this reason, there is
growing regulatory and social pressure to replace old equipment with cleaner
alternatives.

METHODOLOGY

In our previous studies, combustion tests were carried out in an accredited laboratory
with standardized procedures (EN 303-5) using different fuels, i.e. hardwood (beech),
softwood (spruce), and black and brown coal, under both nominal and reduced output
conditions (Kitmal et al, 2019; 2021; 2023). The experiments covered a range of
combustion devices, from outdated (over-fire boilers and boilers with down-draft
combustion) to modern gasification and automatic boilers.

A follow-up study focused on emissions from real households in both urban and rural
areas. These households used different fuels (wood or coal) and a mix of old and modern
boilers. Combustion products (TSP fraction) were collected behind the boilers on quartz
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filters. The samples were analyzed for organic compounds, including toxic and
carcinogenic polycyclic aromatic hydrocarbons (PAHs), as well as specific organic
markers such as monosaccharide anhydrides, diterpenoids, and hopanes. These markers
are particularly useful for identifying the contribution of SCDs emissions to urban aerosol
pollution.

RESULTS AND DISCUSSION

The field study included nine households equipped with different boiler types and
fuels: two over-fire boilers (spruce wood), one boiler with down-draft combustion (beech
wood), two gasification boilers (beech and spruce wood), and four automatic boilers
(wood pellets and brown coal).

The highest particulate matter (TSP) emission factors were found for wood
combustion in the oldest over-fire boiler (1,825 mg/kg), whereas the lowest values were
obtained for the automatic wood pellet boiler (233 mg/kg). Similar trends were observed
for carbon monoxide and organic gaseous compounds emissions, both indicators of
incomplete combustion. The highest carbon dioxide emission factors, an indicator of
complete combustion, were observed during combustion in automatic boilers, especially
when burning brown coal. This is a result of the higher combustion efficiency of modern
boiler technologies and also the higher carbon content of brown coal. These findings are
consistent with previously published laboratory data (Kiimal et al., 2019; 2021; 2023).
Detailed emission factors for individual organic compounds and markers will be
presented.

Among organic compounds, emphasis was focused on specific organic markers and
characteristic ratios used for source identification of particulate emissions. The
levoglucosan/mannosan ratios, which distinguish softwood from hardwood combustion,
only partially matched literature values and results from our previous laboratory studies.
The homohopane index for brown coal combustion, however, was clearly consistent. In
contrast, diagnostic ratios for PAHs differed substantially from literature data. This fact
was also observed in our previous laboratory studies.

CONCLUSION

Overall, the most favorable emission profiles were observed for combustion in
modern automatic boilers. In addition to quantifying toxic PAHs, the study focused on
organic markers that can be used for identification of emission sources of aerosol particles
at the monitored sites. However, the calculated marker ratios, used as alternative
indicators of emission sources, did not fully correspond to literature values or our
previous laboratory findings. Combustion tests were performed in real households that
use these boilers for their own heating.
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INTRODUCTION

The aim of this study was to determine if the combination of CO2 snow particles and
plasma is a suitable tool for removing submicron particles from paper. The main
requirement was to remove surface contamination without degradation of the material.

METHODOLOGY

The tests were performed using a Particle-Plasma device (CleanLogix), which is based
on a patented system of two mutually coordinated jets of low-temperature atmospheric
plasma and a CO:2 snow spray (Jackson and Endres, 2016). The streams are mixed
immediately before they contact the treated surface (Fig. 1).

Fig. 1: Mixing of the plasma spream and the CO2 snow spray
RESULTS, DISCUSSION, CONCLUSIONS
The results revealed that, under selected conditions, the cleaning method performed
good results, particularly in removing of organic submicron particles. This method
therefore has a potential to become an alternative to traditionally used techniques.
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INTRODUCTION

Exposure to lead oxide nanoparticles (PbO NPs), which are emitted to the
environment by high-temperature technological processes, have adverse health effects to
human heavily impairing target organs. These nanoparticles pass through the lung barrier
and are distributed via the blood into secondary target organs, where they cause
numerous pathological alterations (Dumkova et al., 2017; Tulinska et al., 2022).

The effect of PbO NPs exposure on the lungs as a primary target organ and on
macrophages as specialized cells involved in the innate and adaptive immune response
was investigated in detail in this study. Attention was focused on the effect on processes
potentially leading to the alteration of metabolism of lipids (especially cholesterol).
Cholesterol is an essential compound for normal cell function. Abnormal quantitative
or qualitative changes in various forms of cholesterol (free cholesterol, cholesteryl
esters or cholesterol bound in lipoproteins) may be useful biomarkers revealing the
molecular mechanism of disease.

EXPERIMENTAL SETUP

PbO NPs were generated continuously in situ in a hot wall tube flow reactor using an
evaporation-condensation-oxidation technique. Adult female mice (ICR strain) were
continuously exposed to PbO NPs (geometric mean diameter 31.1 nm, number
concentration 1.64 x 10° particles/cm3, mass concentration 75.5 pg PbO/m3) in whole-
body inhalation chambers for 11 weeks (24 h/day, 7 days/week). Control animals were
exposed to the same air as exposed animals without the addition of NPs. At the end of the
exposure period, lungs and other organs were collected for chemical, histological and
electron microscopic analyses.

Macrophages of human THP-1 cell lines were exposed to commercial PbO NPs
(Nanochemazone; 70 nm diameter, concentration 1 and 5 pg/mL) for 48 h.

Cholesterol and cholesteryl esters were analysed using a UHPLC-ESI-triple
quadrupole MS/MS method (Agilent 1290 Infinity II UHPLC System coupled with an
electrospray ion source and Agilent 6470 TripleQuadrupole mass spectrometry system).

RESULTS AND DISCUSSION
A significant increase in Pb content in the lungs of mice exposed to PbO NPs was

found. The presence of inhaled PbO NPs in lung tissue was confirmed by TEM. Inhalation
of PbO NPs revealed chronic inflammation in lung tissue and a significant increase in the
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number of total and foam macrophages with numerous cholesterol crystals in lung tissue.
Understanding the cellular processes associated with the exposure of cells to PbO NPs
could help design new tools involved in enhancing tissue clearance -capacity.
Consequently, THP-1 cell lines were exposed to PbO NPs. Exposed THP-1 cells showed
altered morphology and adhesive behaviour compared to control cells. The comparison
of the profile of lipids extracted from the control cell line and cells exposed to elevated
concentrations of PbO NPs showed that the levels of most cholesteryl esters (e.g. CE 18:1;
CE 18:2, CE 22:6, CE 24:5; CE 24:6) were increased after exposure to PbO NPs.
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Fig. 1: Pb concentration (ng/g) in mice lungs following 11 weeks of PbO NPs inhalation.
The limit of detection of Pb in the lungs is 75 ng/g.

CONCLUSIONS

PbO NPs exposure lead to the accumulation of Pb in the lungs, stimulation of the
immune system of exposed mice and caused changes in cholesteryl ester levels in
macrophage cells.
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INTRODUCTION

The main aim of atmospheric background monitoring stations is to measure basic
pollution levels and track long-term changes in the troposphere (EEA Glossary). Fine dust
emitted or formed in the atmosphere can be transported over long distances - hundreds
of kilometres from the source of emission (Degdrska, Sniezek, 2012). This study discusses
research results on the concentrations of particulate matter and its selected components
in two atmospheric background stations situated in Czech Republic (NAOK Kosetice) and
Poland (DS Osieczéw).

The scope and conditions of the observations allowed for the verification of the
hypotheses that, with almost identical air mass flow originating (Wd):

1. The concentration levels of elements and compounds related to PM1o are identical
regardless of the study area;

2. The concentration levels of PM1o and PMzs are identical regardless of the study
area.

EXPERIMENTAL SETUP

The analysed results were obtained from: LRI ACTRIS ERIC (NAOK KoSetice,
meteorological and aerosol data), Chief Inspectorate for Environmental Protection
(Osieczow, aerosol data) and Regional Directorate of State Forests in Wroctaw (Osieczéw,
meteorological data). Records from the period between 1 January 2024 and 31 December
2024 were analysed, taking into account data on wind direction and speed, temperature
and precipitation, as well as concentrations of PM1o, PMz2.s and PM1o-bound As, Cd, Ni, Pb,
B-a-P (Benzo-alpha-Pyrene), OC (Organic Carbon) and EC (Elemental Carbon). NAOK
KoSetice is in the central Czech Republic (N49°34°24” E15°4’50”, 530 AMSL). DS Osieczow
is located almost 200 km north in Lower Silesia in Poland (N51°19’3” E15°25’54", 177
AMSL).

RESULTS AND CONCLUSIONS

Analysis of the meteorological data showed no significant statistical differences between
the two locations for wind direction, precipitation and temperature (p-value from Mann-
Whitney test 0.05, 0.16 and 0.06, respectively). There was a significant difference only for
wind speed - more than twice as much was recorded in KoSetice than in Osieczow.
Average mass concentration of PM1o and PMzs in Osieczow and KoSetice was almost
identical at both sites (median for PM2s and PMio did not exceed 6% and 1%,
respectively). The air quality in terms of aerosol at both sites can be considered very good
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(WHO, 2021). The PM2s5/PM1o ratio was also lower than in highly urbanised areas
(Spandana et al.,, 2021). For all data it was 0.67 and 0.63 in KoSetice and Osieczéw,
respectively. A higher PM2s/PM1o ratio (>0.75) is mainly associated with primary
pollution from anthropogenic activities and the formation of secondary particles that may
contain nitrates, sulfates, ammonium, and organic substances (Cabello-Torres et al.,
2024). At the same time, in both locations, the ratio is greater than 0.5, which means that
natural sources don't dominate, and these anthropogenic influences become important.

Figure 1 presents selected data for sixty days, with almost the exact wind origin at
both sites (£5%). The graphical interpretation indicates that the mass concentrations of
both PM1o and PM2s were at similar levels. PM1o's median location is practically identical
(10.0 Osieczow vs. 10.5 KoSetice), while the finer fractions show a greater difference (5.75
Osieczow vs. 6.94 KoSetice). For both sites, the PM25/PM1o ratio decreased slightly to 0.58
0 and 0.66 K, confirming the impact of anthropogenic and natural sources.

30

Median
B 25%-75%
25 T T 5th and 95th percentile of the data

20

15

[ng/m?]

10

Osieczéw PM10 Kosetice PM10 Osieczow PM2.5 Kosetice PM2.5

Fig. 1. PM1o and PMzs mass concentrations in KoSetice and Osieczéw for conditions of
almost identical air masses inflow direction.

The analysis showed that the concentration of As, Cd, Ni, Pb and B-a-P in the aerosol
fraction under consideration is significantly higher in Osieczow (Figure 2). Of course, the
mass concentration of none of the pollutants exceeded the permissible or safe levels for
human health (in Poland: As - 6, Cd - 5, Ni - 20, Pb - 500, B-a-P - 1 [ng/m3]). The observed
differences result primarily of emmision characteristics of a given country (here, Poland
unfortunately leads Europe in emissions of aersol). Another reason is that the
atmospheric background station in Osieczow is located on flat terrain surrounded by
forests, which, unlike the topography of KoSetice station, hinders the dispersion of
pollutants. Higher concentrations in Osieczow may also be influenced by the combustion
of fuels for energy purposes in nearby (12 km) ceramic plants in Bolestawiec.
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Fig. 3. Quarterly OC/EC ratio for KoSetice and Osieczow.

Figure 3 shows quarterly OC/EC ratio for KoSetice and Osieczéw. It is known that
for all sectors except transport, the ratio of elemental carbon emissions to organic carbon
emissions is below 1, so it can be concluded that this source is not significantly
responsible for pollution in both sites. The graph shows that intensive plant vegetation
increases the OC/EC ratio. At the same time, it can be ventured that in the case of KoSetice,
natural sources are more responsible for the ‘pollution profile’.
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Table 1. Osieczow-KoSetice p-values of Mann-Whitney test for all data and records
collected during the same wind direction (wd) at both locations. Probability values;
significance level & = 0.05.

PMiwx PMys As Cd Ni Pb B-a-P 0cC EC
all data 0.20 0.44 0.00 0.00 0.00 0.00 0.00 0.00 0.00
the samewd  0.98 0.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00
in PM1o As Cd Ni Pb B-a-P ocC EC
all data 0.00 0.00 0.00 0.00 0.00 0.00 0.00

thesamewd 0.00 000 000 000 001 000 0.00
As/Cd As/Ni_As/Pb_Cd/Ni Cd/Pb Ni/Pb
all data 000 000 004 011 000 _ 0.00

The verification of research hypotheses is presented in Table 1. In summary,
hypothesis No. 1 was not upheld. Hypothesis 2 can be considered valid only for PM’s mass
concentration.
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INTRODUCTION

Interlaboratory comparative tests have been organized by the air hygiene expert group
since 1997. Participation of a workplace in the laboratory proficiency testing program
(PT) will allow it to practically demonstrate the quality of its work, at the same time it
serves to reveal a possible source of errors in the analytical procedures used and, with
properly functioning feedback, will subsequently enable improvement of the quality of
work.

In 2001, a joint workplace was created at the NIPH, which provides PT in the field of
water and air analysis. This Expert Group for Proficiency Testing (ESPT) was accredited
by the CIA in 2002 according to CSN EN ISO/IEC 17025 (CSN EN ISO/IEC 17025, 2001) as
the first "Accredited Organizer of Proficiency Testing Programs No. 7001" in the Czech
Repubilic.

In 2023 were organized by NIPH two PTs focused on measuring defined fractions of
suspended particles PM1o and PMzs, namely PT#0/8/2023 and PT#0/9/2023. Both
programs were organized and evaluated in accordance with the CSN EN ISO/IEC 17043
(CSN EN IVSO/IEC 17043, 2010). The results were also evaluated according to the CSN ISO
5725-2 (CSN IS0 5725-2, 2018).

METHODOLOGY

PT#0/9/2023 included taking a sample of outdoor air and determining the mass
concentration of suspended particles of the PM1o fraction and the PMz;s fraction. Its aim
was to verify the accuracy of the sample collection and gravimetric determination
procedures.

The PT#0/9/2023 program included two independent 12-hour outdoor air samplings.
Each participant randomly selected the location of the sampling system or systems in
a prepared 6 * 6 meter field, where each sampling system was allocated a field of size 1 m?2.
The collection systems that could not be released from the mobile systems were placed
on the edge of this field.

The reference value was evaluated using the Horn's procedure (Meloun, 1994). This
allows evaluation for the number of participants even in the range n < 20. The method
consists in determining the so-called pivots - values determined by the depth of the pivots,
which depends on the size of the set.

Horn's procedure:

1. The elements are sorted from smallest to largest. For n values, the pivot
depth is calculated using the formula:
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n+1
H= int@ (nis odd) and H =int-2

> (nis even) (1)

2. Select the lower - "Xiow" and upper pivot , Xupp“
Xiow = XH XUpp = X(n+1-1—[)
3. The pivot half-sum is determined
_ XLow + XUpp
T 2
4. The pivotrange is determined:
RL = XUpp - XLow

5. The relative uncertainty of the data set is determined:
_ PxTp_gn

=
Py
6. Determination of the probability interval of the correct value:
X = (PL % ua)

The reference value is determined by Horn's pivot half-sum (PL) from the set of
measured values, and the standard deviation of the data set corresponds to Horn's
relative uncertainty value of the set (ua).

Success criteria for PT#0/9/2023

The success criterion for the test was the ratio of the measured value to the reference
value, expressed as a percentage. The permissible error was based on the sensitivity of
the method and was as follows for the measured mass concentration:

Tab. 1: Succes criteria for PT#0/9/2023

Value Error
Up to 10 pg/m3 <£50%
10 - 20 pg/m3 <£25%
<+x10%

Over 20 ug/m3

The criterion for non-evaluation was wind speeds above 10 m/s.

PT#0/8/2023 included, among other parameters, the determination of suspended
particles of the PM1io and PMaz.s fractions in outdoor air using automated measuring
systems. Its aim was to cover the basic spectrum of methods used in automated measuring
systems, methods using the principles of direct analysis after sampling for continuous
measurement (procedures - 3-absorption, optical methods and microbalances).

In the form of a 12-hour comparison of real ambient air, 30-minute simultaneously
measured concentrations of suspended particles of the PMio/PM2s fraction were
compared with calculated 30-minute reference values.

The reference value was evaluated using Horn's procedure (see above).
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Success criteria for PT#0/8/2023

Given that the test combines different measurement methods, the success criterion in
the PT is the average value of the ratio of the measured and reference values expressed
as a percentage of the reference value.

Value Error
Up to 10 pg/m3 <100 %
10 -20 pg/m3 <75%
20 - 50 pg/m3 <+25%
Over 50 pg/m3 <+10%
RESULTS
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Fig. 1: Gravimetry of PM1o fraction - measured values as a percentage of the reference
value
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value
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Fig. 3: 30 - minute values of suspended particles of the fraction PM1o
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INTRODUCTION

Rural background sites, representative of a wider area, are important for
investigating the influence of regional and long-range transport, and long-term trends in
PM concentrations (Putaud et al, 2010). However, during periods with a shallow
atmospheric boundary layer, even rural background sites are significantly affected by
local sources on the ground. Therefore, data measured at the ground may, in certain
situations, not be representative of the wider area. For these reasons, measurements at
higher elevations above ground are needed to assess the representativeness of
conventional ground-based measurements to distinguish the air pollution origin. The
presented study aims to examine and describe the temporal and spatial variations of
speciated PM1, and reactive trace gases, and their origin, at a rural background situated
in the lignite basin area.

METHODS

The campaign was conducted at the meteorological observatory TuSimice (50°35'N,
13°39'E; altitude 322 m), a rural background site, from 20t January to 20t March 2025.
PM1o elemental composition was measured at the ground (4 m above ground) every 4 h
by the Xact625i (13 tracers; Cooper Environmental Services, USA), an online ED-XRF
ambient metals monitor. Also, 1 h PMi0o mass concentrations (Environnement SA,
MP101M) along with gas concentrations (SO2, NOx, O3) were recorded at the ground.
Additionally, wind speed (WS) and direction (WD) by a 3D and 2D anemometer (10 min;
uSonic-3/2, Metek) in four heights (in 10 m, 20 m, 40 m, and 80m) and by a SODAR
(Doppler-SODAR-PCS.2000-64, Metek) from 40 m to 600 m, along with other
meteorological parameters, were recorded. Finally, the mixing layer height (MLH) by a
ceilometer (1 h; CL31, Vaisala) was measured.

The statistical data treatment was performed using R, version 4.5.1 (R Core Team,
2019) with the Openair package (Carslaw and Ropkins, 2012).
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RESULTS AND DISCUSSION

The campaign was characterized by an average PM1o concentration of 32.8 + 21.5
ug/ms3, prevailing W-SW-SE wind of average low wind speed (WS < 2 m/s), average
temperature of 1.4 + 5.1 °C and negligible precipitation.

The spatial variation analysis (polarPlots and CPF plots at 75t and 90t percentile) of
PM1o, PM1o elements, and gases indicates slight differences between the methods
(polarPlot vs CPF plot) and distinct differences between the heights not only for 10 and
80 m, but also for 10 and 20 m. The biggest result differences of spatial distribution at four
heights were for PM1o, SOz, K, Fe, Zn, As, and, in contrast to NOx, S, Cu, and Se (Fig. 1).

Inversions lasting several hours to days with different starting and ending times of
the day were selected in two steps: first, PMio > 29.0 ug/m3 (campaign median) and
second, MLH to 600 m (SODAR upper range). Finally, the data set was divided into “below”
and “above” MLH subsets. During the two longest inversions lasting days (18.2.25 20:00
- 21.2.25 10:00 and 5.3.25 17:00 - 7.3:25 14:00), the MLH median was 230/425 m and
PMio was 62.0/48.1 ug/m3, respectively. A similar concentration pattern is expected for
PMi1o elements as well as for reactive trace gases. Inversions duration, MLH and prevailing
wind WSWD mainly influenced the pollution origin within the periods of inversion
conditions.

T T T T T T T T
0.1 0.2 0.3 04 0.5 0.6 0.7 0.05 0.1 0.15 0.2 0.25 0.3 0.35 04
CPF probability SO, CPF probability S

Figure 1: Temporal variation of SO2 and S concentration using ground-based data
and wind measurement at tower (CPF plot at 75t pctl.,, SO2 = 5.3 ug/m3and S = 1.6

pg/m3).
CONCLUSIONS

The spatial analysis revealed differences not only in applied methods, an expected
result, however also within the heights in the range 10 to 80 m. The inversions of different
characteristics (MLH and duration) significantly influenced the temporal variation and
origin, local vs. regional, of PM1o, PM10 elements, and reactive trace gases concentrations.
Further, more complex data analysis is needed to fully assess the influence of
meteorological parameters on air pollution and its origin at the TuSimice observatory.
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INTRODUCTION

ACTRIS-ERIC is a European research infrastructure dedicated to observing and
analysing aerosols, clouds, and trace gases better to understand their role in climate and
air quality. The Czech node, ACTRIS-CZ, is a national consortium comprising Masaryk
University (RECETOX), the Czech Hydrometeorological Institute, the Institute of Chemical
Process Fundamentals, and the Global Change Research Institute of the Czech Academy of
Sciences. RECETOX/ Masaryk University contributes with its advanced laboratory
capacities and expertise in organic pollutants and toxic metals, supporting long-term
atmospheric monitoring at the National Atmospheric Observatory in KoSetice. Through
ACTRIS-CZ, RECETOX actively participates
in European-scale interdisciplinary research, fostering integration within ACTRIS-ERIC
and advancing knowledge on environmental exposures and their health and climate
impacts.

RECETOX provides comprehensive sampling and monitoring of persistent
organic pollutants (POPs) to support international environmental agreements such as
CLRTAP and the Stockholm Convention. At the National Atmospheric Observatory
KoSetice—part of the EMEP network as a Central European background station—
RECETOX delivers high-quality data on POPs in ambient air and atmospheric deposition.
Monitoring includes both active and passive sampling through international programs
such as MONET and GAPS. Integrated environmental assessments cover multiple
matrices including air, deposition, water, soil, sediments, enabling in-depth studies of
pollutant fate, transport, and removal processes. These efforts are supported by the
accredited RECETOX Trace Analytical Laboratory and the GENASIS database
(www.genasis.muni.cz), which provides open access to curated environmental data for
the scientific community.

Monitoring activities and GENASIS database:

The GENASIS database is a comprehensive data repository developed and maintained
by RECETOX, offering environmental data collected through long-term monitoring
programs. It integrates high-quality datasets from the MONET (Monitoring of
Environmental Toxicants) program and the National Atmospheric Observatory in
KoSetice, which provides continuous measurements of persistent organic pollutants
(POPs), toxic metals, and atmospheric contaminants. GENASIS enables researchers to
access harmonized, validated data essential for environmental, exposome and
environmental health studies. The database supports open access principles, facilitating
collaboration and data sharing among national and international partners.

e Data collection and harmonization

e Data hosting and visualization

145



e Data integration and analysis
e Transport, fate, pharmacokinetic modelling
e Services to UNEP, WHO, government and authorities

SPATIAL DATA SUMMARY  TIME DATA
DISTRIBUTION AVAILABILITY STATISTICS SERIES EXPORTS

Data Selection

Matrix
Ar 24258
@ Human mitk (1159)

@ Water (1248)

T Orooe @ ivase
Matrix specification

UN Regional Group

Monitoring programme
Data Provider

Compound

Fig. 1: Example view of the GENASIS online portal, illustrating the user interface

The sampling services focused on organic pollutant measurements in air (particles
and air fractions) with the following instrumental techniques:

e Active air samplers Low/High volumes including particles (PM distribution since
0.5 pm - 10 pm), cascades impactors

e Multi-directional active air samplers; Sampling media - compounds dependent:
PUF, XAD, or sandwich (PUF/XAD/PUF) according to the compounds of interests

¢ Passive air samplers based on the polyurethane foam disk

e Biota sampling like the Bio-passive air samplers - tree needles and moos

e Dry and wet deposition samplers

Preparation of a sampling plan and design of the ideal sampling technique according
to the customer's needs are a matter of course.

List of analysis available for the air matrices:

Organic pollutants:

e Polychlorinated dibenzo-p-dioxins/furans (PCDDs/Fs)

e Polychlorinated biphenyls (PCBs) - indicator and dioxin-like

e Brominated and organophosphorus flame retardants

e Organochlorine, cyclodiene, and polar pesticides

e Polycyclic aromatic hydrocarbons (PAHs), NOx-, and oxy-PAHs, hopanes
e Perfluorinated compounds (PFAS)
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Trace elements, heavy metals, carbon analysis

List of analysis the instruments available:

e Gaseous chromatography connected to mass spectrometric detectors: GC-MS, GC-
MS/MS, GC-HRMS, GC-APCI-MS/MS

e Liquid chromatography connected to mass spectrometric detectors: LC-MS/MS

e Inductively coupled plasma coupled with mass spectrometric detection: ICP-MS,
ICP-MS/MS

e Single-purpose mercury analyzer

e (Carbon analysis: EC/OC

Sampling and training activities - in the Czech Republic or abroad according to
customer needs (long term experiences from the Central and Eastern region CEE)

Technology transfer and Capacity building under Stockholm convention not only
for CEE region

Services support offered to the projects: ACTRIS, ATMO-ACCESS, IRISCC, EIRENE

Access to ACTRIS-CZ

ACTRIS-CZ offers an Open Access scheme enabling users to engage with its
infrastructure via physical, virtual, or remote access modes. Physical access allows users
to conduct projects or training directly at the National Atmospheric Observatory in
Kosetice, following approval by the ACTRIS-CZ expert council. Virtual access provides
remote retrieval of data generated at ACTRIS-CZ monitoring sites. Remote access permits
the use of ACTRIS-CZ facilities for field measurements, with users responsible for
transporting equipment. Additionally, instrument calibration services are available
through the Prague Aerosol Calibration Center (PACC).

. &
O

Fig. 2: Overview of the open access workflow
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INTRODUCTION

The RECETOX Research Infrastructure is a leading European research
infrastructure focused on understanding the complex interactions between
environmental exposures, particularly to persistent organic pollutants (POPs), and
human health. Its mission is to build a sustainable platform that integrates cutting-edge
technologies and interdisciplinary expertise to advance exposome research. Key
components include CELSPAC Population Studies, central RECETOX laboratories, and
data services, each subdivided into specialized units.

RECETOX RI collaborates with other national and European research infrastructures
across environmental, health, and social science domains. As a key partner in ACTRIS-CZ
and ICOS-CZ, RECETOX contributes analytical expertise and long-term POPs monitoring
to atmospheric research at the KoSetice Observatory. RECETOX integrates into BBMRI-CZ
and co-leads data management efforts within the H2020 EHEN cluster through its
biobanking infrastructure. Strategic cooperation with the Czech e-Infrastructure and
ELIXIR enables the development of bioinformatics pipelines and data integration tools,
deployed via Galaxy and supported by EBI/EMBL. Additionally, RECETOX partners with
SHARE-ERIC, contributing biomarker data and expertise to pan-European ageing and
health studies.

RECETOX RI coordinates EIRENE, a new ESFRI research infrastructure dedicated to
comprehensive environmental exposure assessment within exposome research. EIRENE
brings together over 50 institutions from 19 EU countries and affiliated UK and US hubs,
aiming to understand the interplay between environmental, lifestyle, and social factors in
chronic disease development. EIRENE emphasises strategic interdisciplinarity and forms
synergies with other RIs such as BBMRI-ERIC, ACTRIS-ERIC, and SHARE-ERIC.

User Access and Capacity Utilisation at RECETOX RI - RECETOX RI provides a
variety of services across multiple access modes—physical, remote, and virtual—under a
transparent and merit-based open-access policy. Users include academic researchers,
public authorities, private sector clients, and educational participants. Access is offered to
laboratories, datasets, biobank samples, and analytical expertise.
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RECETOX RI, Total Use of Open Access (LM project) 2024
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Fig. 1: Open Access Activity at RECETOX RI (LM Project 2024)

Transparent Open-Access System and User Support at RECETOX RI - RECETOX
RI operates a centralized open-access system with a two-stage evaluation process that
ensures both technical feasibility and scientific excellence of submitted proposals. A
newly implemented online platform enables efficient application management and
provides detailed project support throughout the entire access lifecycle. Successful
applicants receive assistance from dedicated technical staff and local supervisors during
project implementation. All outcomes are closely monitored, and mandatory user
feedback is collected via structured questionnaires.

Application step by step

O 0 06 O O

Core Facility selection Application submission Coordination with the Core Project execution Output publication &
Facility leader acknowledgement

Fig. 2: Application Process Step-by-Step

RECETOX provides access to its core facility Central laboratories also through
European Transnational Access schemes such as IRISCC and ATMO ACCESS. These
initiatives enable European researchers to benefit from state-of-the-art analytical
instrumentation and expert support for environmental, atmospheric, and human
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contaminant analysis and provide the strategic use of their capacities in addressing
current environmental and health challenges.

Central Laboratories of the Research Infrastructure (consist of three main
facilities)

Trace Analytical Laboratory (TAL) accredited under ISO/IEC 17025:2018 offers
the complete analytical services: the sampling of environmental matrices, the analytical
method development across various domains upon customer request, the sample
preparation and analysis, techniques for analysing pollutants in environmental and
human matrices including quality control, organizing short and long term monitoring
studies.

Organic pollutants:

e Polychlorinated dibenzo-p-dioxins/furans (PCDDs/Fs)

e Polychlorinated biphenyls (PCBs) - indicator and dioxin-like
e Brominated and organophosphorus flame retardants

e Organochlorine, cyclodiene, and polar pesticides

e Polycyclic aromatic hydrocarbons (PAHs), NOx-, and oxy-PAHs, hopanes
e Perfluorinated compounds (PFAS)

e Bisphenols

e Plasticizers

e Thyroid hormones

e UV filters - benzophenone

e Mycotoxins

Metabolites:

e OH-PAHs

o Phthalates metabolites + DINCH

e Pesticides metabolites

Trace elements, heavy metals, and species

Microbiome laboratory provides the bacterial and mycobial profiles in various
samples using the 16S rRNA gene and ITS gene sequencing. It also performs whole
metagenome sekvenci, in which all DNA in the sample is sequenced.

The biomarker analysis laboratory focuses on methods of targeted and non-
targeted analyses of biologically important molecules (metabolites, proteins, lipids) as
potential biomarkers of effects associated with chemical exposure.

The Atmospheric and Environmental Research Infrastructure Online Training,
held from 6 to 10 November 2023 as part of the ATMO-ACCESS project, focused on
strengthening atmospheric and environmental research expertise. The course was
organised by the National Atmospheric Observatory KoSetice (NAOK) together with
RECETOX, Masaryk University, and was aimed at early-career researchers, advanced
students, and technical staff. It addressed key topics including the operation of major
research infrastructures such as ACTRIS and ICOS, atmospheric components (aerosols,
trace gases, clouds), greenhouse gas fluxes, persistent organic pollutants (POPs), and
remote sensing applications. Participants were also introduced to the roles and services
of research infrastructures in which NAOK is actively involved, namely ACTRIS, ICOS, and
EIRENE.
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The training was delivered online using a flexible format that combined expert
lectures, video demonstrations, case studies, and interactive quizzes. Its interdisciplinary
approach connected atmospheric sciences with environmental chemistry and ecosystem
research, highlighting the importance of integrated solutions for environmental
challenges. The course attracted 137 participants from 39 countries, with 84 % attending
for the first time. Gender representation was balanced (52 % male, 48 % female), and the
participants mainly included postgraduate students (69), engineers and technicians (23),
and expert scientists (15), demonstrating broad interest across different career stages
and expertise levels.
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INTRODUCTION

Observatory MileSovka (837 m a.s.l.), operated by the Institute of Atmospheric
Physics of the Czech Academy of Sciences, is joining ACTRIS (Aerosol, Clouds and Trace
gases Research InfraStructure), specifically its topical section Cloud In Situ (CIS)
Measurements (Sedlak and PeSice, 2024). Related adaptations at MileSovka, a new
instrument and open access activities will be presented.

CURRENT PROGRESS

When the new roof covering of the observatory building was finished in early summer
2025, adaptations followed to make the installation of measuring instruments on the roof
easier. Then we fixed our Particulate Volume Monitor PVM-100 in the selected permanent
position for measurement of the liquid water content and the effective radius of cloud
droplets within ACTRIS.

We purchased the PINE (Bilfinger, Germany) instrument for automatic measurement
of the ice nucleating particles. To test the instrument in accordance with our plan, PINE
began its operation at the National Atmospheric Observatory KoSetice (NAOK, Fig. 1).
PINE should be moved to MileSovka next year, and start regular measurements for
ACTRIS there. We will have new carriages for our cableway made, which will enable us to
transport bulky objects to the station.

Fig. 1: PINE instrument in the ICPF container at NAOK, June 2025.
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OPEN ACCESS TO MILESOVKA

We offer an open access to MileSovka facilities. An example is the joint CIS
measurement campaign at the station in the period end of October 2024 - early March
2025. Three instruments measuring the cloud droplet size distribution were brought
from the Finnish Meteorological Institute (FMI) and from ICPF (see Zikova et al., 2025, in
these Proceedings).

Within the second FMI open access initiative, one of the instruments mentioned
above, namely the probe AQT530 from Vaisala, was installed at MileSovka in May 2025
for all year round measurements (Fig. 2).

We look forward to receiving proposals for open access activities at MileSovka from
next potential users.

Fig. 2: Instrument AQT530 from Vaisala on the tower top of MileSovka observatory.
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SUMMARY

Vertical variations in the composition of atmospheric aerosol NR-PM1 were studied
and significant differences were found especially at night, when atmospheric mixing is
often limited. Each major NR-PM1 component studied (Organics, sulphates, nitrates,
ammonium) had a different behavior, with organics showing the highest differences at
night.

UvoD

Atmosférické aerosoly se vétSinou méii nékolik metrii nad zemi. Méreni ve vétsich
vyskach jsou obvykle bud’ kratkodoba s vyuzitim riiznych typt let(i, nebo dlouhodoba s
vyuzitim dalkového prizkumu Zemé, ktery nemiize piimo posoudit chemické sloZeni
aerosoll. K prekonani tohoto nedostatku znalosti 1ze pouzit méreni na stozarech. My jsme
vyuzili 250 m vysoky stozar na Narodni atmosférické observatoti Kosetice (NAOK) v
Ceské republice.

METODY

Chemické sloZzeni NR-PM1 bylo méfeno pomoci kompaktniho aerosolového
hmotnostniho spektrometru s ToF detektorem (C-ToF AMS, Drewnick a kol. 2005). Pro
méreni ve vySce 4 m a 230 m nad zemi pri pouZiti jen jednoho pristroje byl v méricim
kontejneru instalovan prepinaci ventil, takZe tii po sobé jdouci vzorky byly odebrany z
inletu ve vySce 4 m a tfi vzorky z druhého inletu ve vySce 230 m. Vzorek byl do pristroje
dopraven 230 m dlouhou trubkou. Priklad casové trady ziskané timto pristupem je
znazornén na obr. 1. Toto méreni bylo doplnéno nékolika dalSimi pristroji, vCetné
aethalometru AE33, ktery poskytuje koncentraci ekvivalentniho ¢erného uhliku (eBC),

vvvvvv
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Obr. 1. Priklad ¢asovych fad hlavnich chemickych latek NR-PM1 (nekorigovanych
pomoci CE) mérenych s C-ToF AMS s pouZitim prepinaciho ventilu. Vyssi koncentrace se
obvykle nachazeji v blizkosti zemé.

VYSLEDKY

Obecné plati, Ze rozdily v koncentracich atmosférického aerosolu po vysce silné zavisi
na vertikdlnim promichavani. Pri nedostatecném promichavani se ale méni nejen
koncentrace ale i chemické sloZeni, jak je vidét jiz na Obr. 1, zejména brzy rano 24. 5. 2024.
rozdily v chemické termodynamice v riznych vyskach, které mohou zpiisobovat zmény
ve sloZeni aerosolu. To plati zejména pro dusi¢nan amonny kviili jeho tepelné nestabilité,
ktera muize byt ovlivnéna i riiznou relativni vlhkosti. Ackoli ¢asové rady kratsi nez 24
hodin zobrazené na Obr. 1 nereprezentuji delsi obdobi, ve skutec¢nosti se dobie shoduji s
primérnym dennim pribéhem vsech sloZek béhem jarniho obdobif, jak je znazornéno na
Obr. 2. Ten ukazuje jasny rozdil v dennim priibéhu organickych latek mérenych v blizkosti
zemé a ve vySce 230 m. Zatimco ve 4 m vykazuji organické latky minimum odpoledne a
nejvyssi koncentraci v noci, ve vySce 230 m maji plochy denni profil s malym maximem
pied polednem. Chovani dusi¢nani je ponékud odlisné. Maji také vyssi koncentraci v
blizkosti zemé, ale v obou vyskach maji maxima brzy rano a minima pozdé odpoledne. Na
druhou stranu sirany maji v obou vyskach podobné koncentrace a denni profily s malymi
maximy béhem poledne. Konecné, vysledky pro amonné iony se nachazeji mezi
hodnotami dusi¢nanti a siranf, a to diky jejich prevazujicimu obsahu v dusi¢nanovych a
siranovych solich.
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Obr. 2. Primérné denni koncentrace chemickych latek NR-PM1 (nekorigované pomoci
CE) ve vySce 4 m a 230 m nad zemi béhem jarniho obdobi.

ZAVERY
Byly studovany vertikalni rozdily ve sloZeni atmosférického aerosolu NR-PM1 a
vyznamné rozdily byly zjiStény zejména v noci, kdy je promichavani atmosféry casto
omezené. Kazda hlavni studovana slozka NR-PM1 méla odlisné chovani, nejvyssi rozdily
vykazovala organika v noci.
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INTRODUCTION

Nano-size particles from combustion and other high-temperature processes are often
emitted together with gaseous pollutants, which may substantially contribute to the
overall effects of emissions on human health and/or to the formation of secondary
aerosols in the atmosphere. Ammonia, formed in three-way catalysts of petrol engines
under fuel-rich conditions, may contribute, along with nitrogen oxides (NOx), to the
formation of ammonium nitrate particles. Various volatile and semi-volatile organic
species emitted by motor vehicles participate in photochemical reactions. Semi-volatile
species are often present in, and alternate between, gaseous and aerosol form.

Fourier-transform infra-red (FTIR) spectrometers have been commonly used to
analyze engine exhaust for gaseous pollutants, many of which are precursors to secondary
aerosols. Several FTIR have been adopted, including three by M.V, M.P. and L.D., for the
use in moving vehicles, which is challenging due to the effects of vibrations on precision
multipath low-volume optical cells used to achieve a fast response time.

In this work, we have undertaken the challenge of using a mobile FTIR analyzer to
analyze exhaust gases of a total of 22 mopeds, motorcycles and other L-category vehicles
during typical on-road operation.

EXPERIMENTAL

A Bruker Matrix Fourier-transform infra-red (FTIR) analyzer with a 5-meter optical
path length multipass heated cell, Michelson moving mirror interferometer, and liquid
nitrogen cooled MCT detector, providing spectra at 5 Hz and 0.5 cm-! optical resolution
with a too time response under 2 seconds, has been extensively modified into a road ready,
self-contained 70x35x35 cm, 35 kg package including heated sampling line, filter and
pump, consuming <300 W when operating at -9°C ambient temperature. For motorcycle
tests, the FTIR has been fitted into an in-house fabricated external frame backpack worn
by the motorcycle rider, with bulk of the weight resting on the motorcycle passenger seat.
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Absorption spectra of exhaust have been collected during on-road operation from a
range of L-category vehicles, including 50cc mopeds, enduro bikes and quads at ambient
temperatures 0-30°C, and analyzed for all gaseous pollutants set or proposed to be
regulated in major markets - greenhouse gases COz, CH4 and N20; reactive nitrogen
species NO, NOz, NH3; and reactive gases CO and formaldehyde, with an option to analyze
ex-post for additional gases. Exhaust flow has been calculated from measured fuel injector
pulse width or using a speed-density method.

Fig. 1: Mobile FTIR analyzer in the test cell (left) and mounted on a motorcycle (right).

=
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RESULTS

The validation of on-road FTIR instruments typically consists of parallel
measurement with reference instruments in the laboratory for all measured pollutants
and on the road for those pollutants that can be reliably measured on the road. A set of
dynamic chassis dynamometer tests on six petrol, diesel and natural gas powered vehicles
has been run at-9, +23 and +35°C at Bosmal laboratories within the PAREMPI project and
on two motorcycles at Emisia laboratories within the LENS project, with laboratory
instruments as a reference.

The system has then been mounted into an external frame backpack worn by the test
rider during on-road tests of 22 L-category vehicles, with the weight of the instruments
resting on the passenger seat. The vehicles were subjected to one cold-start and several
hot-start runs of a 2 km urban route, followed by a 50 km route with primarily rural and
motorway sections. Exhaust gases were analyzed for principal greenhouse gases CO2, CHs
and N20, for principal reactive nitrogen species NO, NO2 and NHs, and for CO, COz,
formaldehyde, comprising together all gases regulated under existing or proposed major
emissions regulations.

Selected results of comparison tests and motorcycle tests will be presented as
preliminary data.
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INTRODUCTION

Atmospheric aerosol (AA) and its interactions with atmospheric water are of great
importance (Neuberger et al. 2025); however, they are still connected to considerable
uncertainties. To improve our knowledge of aerosol-cloud interactions, in situ field
measurements are needed to understand how AA from different sources influences cloud
micro and macrophysics, and to provide data for models.

To address such a need, a standardized measurement technique must first be
established for cloud droplet spectra (CDS) and liquid water content (LWC).

METHODOLOGY

To provide comparison measurements for CDS and LWC, a three-month intensive in-
situ campaign was conducted at Mount MileSovka in the Czech Republic (50.55°N,
13.93°E, 837 m a.s.L.). At the station, low stratus clouds, coded as fog, appear on 55% of
the days (Fisak, Tesar, and Fottova 2009). During autumn and winter, up to 90% of days
with fog appearance can be expected, based on the 1961-1990 data.

From 30. 10. 2024 to 22. 1. 2025, four online instruments measuring cloud water
properties were installed side-by-side: Fog Monitor (FM-120, DMT), Cloud Droplet
Analyzer (CDA, Palas GmbH), Cloud in-situ monitor based on Vaisala AQT530 (AQT), and
Particulate Volume Monitor (PVM 100, Gerber Scientific)(Fig. 1).

Figure 1. Measurement set-up at the MileSovka station: CDA, FM-120, and PVM.
RESULTS
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From the data, apart from CDS and LWC, the Effective Diameter (ED) was also
compared from all instruments. Droplet concentrations varied significantly among
instruments, due to different counting efficiencies and losses; at the same time, CDS were

almost overlapping (Fig. 2).
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Figure 2. Mean and median CDS during in-cloud periods measured by AQT, CDA, and
FM-120.

The median ED varied from 7.1 to 11.8 um (except for PVM, which reached an ED of
15.0 um). The measured LWC values of 0.25 g/m?, as determined by FM-120, agreed well
with previous measurements at the station (Zikova et al., 2020). The agreement within
the tested instruments, however, was within + 100 % range.
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INTRODUCTION

While overall the global warming with the causes and global processes connected to
CO2, and its impacts on global to continental scales are well understood with a high level
of confidence, there are knowledge gaps concerning the impact of many non-CO2
radiative forcers leading to low confidence in the conclusions. This relates mainly to
specific anthropogenic and natural precursor emissions of short-lived GHGs and aerosols
and their precursors. These gaps and uncertainties also exist in their subsequent effects
on atmospheric chemistry and climate, through direct emissions dependent on changes
in e.g., agriculture production, waste managements and technologies based on scenarios
for future development as well as feedbacks of global warming on emissions, e.g,,
permafrost thaw. In addition to the atmospheric radiative forcing (gaseous or aerosols),
albedo changes connected to land-use and land-cover can play a role, depending on the
adaptation or mitigation measures included in different scenarios.

Thus, the main goal of the EC Horizon Europe project FOCI, is to assess the impact of
key non-CO2 radiative forcers, where and how they arise, the processes of their impact
on the climate system, to find and test an efficient implementation of these processes into
global Earth System Models and into Regional Climate Models, and finally to use the tools
developed to investigate mitigation and/or adaptation policies incorporated in selected
scenarios of future development targetted at Europe and other selected regions of the
world. We will develop new regionally tuned scenarios based on improved emissions to
assess the effects of non-CO2 forcers. Mutual interactions of the results and climate
services producers and other end-users will provide feedback for the specific scenarios
preparation and potential application to support the decision making, including climate
policy.

METHODOLOGY

The methods used within the project can be clearly seen from the overall scheme of
the project shown in Fig. 1. Basically, there are two parts seen, fundamental science of
both the anthropogenic and natural climate forcers (in addition to aerosols other selected
gaseous forcers, land use, etc.), dealing with the processes undergone (WP1,2) and their
modelling (WP3,4), the second part rather applied considering the emission and their
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(UH,CU)
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of innovative, optimised
mitigation options to
support climate policy
(SEI, TAU)

WP8: Global dissemina-
tion, communication and
engagement with stake-
holders

(WMO, WHO)

Cross-cutting activity - Data integration and data products (ECMWEF, MPI-C)
Fig. 1: Scheme of the project.
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Fig. 2: Imaginary refractive index (k) and mass absorption cross
section (MAC) of OA particles at 370 nm for a subset of measuring stations.
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Fig. 3: Seasonal climatology of 03 (left panel) and NO2 (right panel) (ug/m?) from CAMS

European Air Quality Reanalysis (left columns) and the relative seasonal bias (%) of the

simulations by RegCM-Chem (middle columns) and WRF-Chem (right columns) for the
period 2013-2019.
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RESULTS, DISCUSSION, CONCLUSIONS

One of the first results of the FOCI project came from the aerosols properties analysis,
resulting in comprehensive GHOST database
(https://doi.org/10.5281/zenodo.10637449), collecting the info from many other
databases and providing the recalculated radiative properties, see example in Fig. 2.

In Fig. 3 preliminary assessment of a part of historical period in terms of 03 and NO2
is provided.

Present status of the project will be further described, with preliminary results
relevant to the conference themes briefly shown. Future selected directions will be
discussed.
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