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PREDMLUVA

Vazené kolegyné, vazeni kolegové, pratelé,

mam podruhé piileZitost vas vsechny, z pozice piedsedy Ceské aerosolové
spole¢nosti, pfivitat tentokrat na 23. vyro¢ni konferenci Ceské aerosolové spole¢nosti, v
regionu malebné Vysociny - v Hotelu 9 skal. Jak jste si jisté v§imli z informacnich e-maili
a také titulni stranky této broZzury, letos se vybor CAS rozhodl spole¢né s VI RECETOX
usporadat spojenou konferenci Ovzdusi v CASe. Jak nazev naznacuje, jedna se o spojeni
tradiéni vyroéni Kkonference Ceské aerosolové spole¢nosti a konference Ovzdusi
organizované RECETOXem. Motivaci pro tento krok je predevSim podobnost tematiky
reSené na obou konferencich a moznost setkani Sirsiho pléna odbornikt zabyvajicich se
obdobnymi problémy, i kdyZ nékdy z odliSné perspektivy (napt. védecké studie, prakticka
implementace ¢i legislativni stranka). A pravé ony odliSné perspektivy mohou casto
piinést nové moznosti spoluprace ¢i odborného partnerstvi.

Ceska aerosolova spole¢nost slavi v leto$nim roce 25 let od svého zaloZeni. V této
souvislosti bych rad zminil naseho kolegu Jiftho Smolika, ktery Ceskou aerosolovou
spolecnost v roce 1999 (2. dubna) zalozil, vyznamnou mérou se podilel na jejim
zviditelnéni v mezinarodnim métitku a byl také jejim dlouholetym predsedou. V tomto
ohledu nemohu opomenout Jirkova nastupce ve funkci predsedy CAS, Vlad'u Zdimala,
ktery se ze své pozice predsedy CAS po mnoho let také zasazoval o jeji vyrazné
zviditelnéni, a to jak na narodni, tak i celosvétové arovni. V roce 2002 se Ceska aerosolova
spolecnost stala soucasti mezinarodniho konsorcia narodnich aerosolovych spole¢nosti
(EAA - European Aerosol Assembly). Po celou dobu své existence CAS sdruZuje odborniky
v oboru aerosoli a dalsich pridruzenych obord, podporuje dalsi rozvoj téchto tematik a
sméfuje k rozsireni znalosti a povédomi tohoto védniho oboru. V neposledni adé se CAS
snazi aktivné prispét k reSeni socialné relevantnich problémi (zlepseni kvality Zivotniho
prostiredi, globalni zména klimatu, ale také napriklad obecna informovanost spole¢nosti
béhem nedavné pandemie COVID ohledné Siteni aerosolii).

Uplynuly rok byl v ramci Ceské aerosolové spole¢nosti velmi bohaty na udalosti, o
kterych bych vas zde rad kratce informoval. Hlavni udalosti z pohledu CAS bylo podan{
oficidlntho navrhu na poradani European Aerosol Conference v roce 2028 v Praze
(podany béhem vyro¢niho zasedani vyboru EAA, EAC 2024, Tampere). Zadost byla
jednomyslné schvalena viemi zastupci narodnich aerosolovych spole¢nosti. Vybor CAS
bude na pripravach EAC 2028 v nasledujicich letech intenzivné pracovat a clenové
spolec¢nosti budou priibézné informovani. Rad bych vas s ptripravami bliZe seznamil v
priibéhu ¢lenské schiize CAS, ktera probéhne v ttery 12.11. tésné po skonéeni dterniho
programu konference. Na zakladé loniské Zadosti kolegy J. Schwarze o uvolnéni z pozice
revizora v rdmci vyboru CAS byla do této pozice kooptovana kolegyné L. Maskova. Jardovi
bych timto rad podékoval za svédomitou praci a ¢as vénovany CASu. Lida se v uplynulém
roce velmi aktivné zapojila do ¢innosti vyboru CAS, a to pfedev$im v ramci ptiprav na
poradani EAC 2028. Rad bych i ji zde vyjadril podékovani za tento velmi aktivni pristup.

Radi bychom také vytvorili novou tradici této konference v podobé plenarnich
prednasek, kterou v minulém roce zapocal nas vazeny host prof. Philip Hopke. V letoSnim
roce naSe pozvani prijala neméné vyznamna osobnost v celosvétové aerosolové komunité
- Prof. Alfred Wiedensohler. Ali je otcem matematického popisu rozlozeni naboji na
aerosolovych casticich, ktery je vyuzivan celou aerosolovou komunitou, a také se
vyznamnou mérou zaslouzil o harmonizaci méricich metod pro charakterizaci fyzikalnich
vlastnosti aerosolovych castic. Ali je v souCasné dobé reditelem tematického centra pro

13



méreni aerosol in-situ v ramci pan-evropské velké vyzkumné infrastruktury ACTRIS a
hostujicim profesorem na nékolika univerzitach.

Zavérem bych opét také rad podékoval vSem tradi¢nim i novym sponzorim Ovzdusi
v CASe - Altium, Biowell (Dekati), Chromservis, ECM ECOMONITORING, Envitech a TSI.
Se zastupci téchto firem budete mit prileZitost se v rdmci konference potkat a néktefi
obohati konferenci i svymi prispévky.

V neposledni fadé bych rad podékoval Ani¢ce Spalové za nezavidénihodnou a ¢asto
nevdécnou praci s editaci sborniku nasi konference.

Rad se s vami vSemi osobné setkdm v Hotelu 9 skal a uvitdm vSechny nameéty,
podnéty, vytky a pochvaly.

Vas,
Jakub Ondracek (predseda CAS)
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PREFACE
Dear Colleagues and Friends,

Itis my privilege, once again, to welcome you, this time to the 23rd Annual Conference
of the Czech Aerosol Society (CAS), held in the scenic Vysocina region at Hotel 9 Skal. As
you may have noted from our emails and the cover of this brochure, this year’s CAS board,
in collaboration with VI RECETOX, has decided to organize a joint conference, "Ovzdusi v
CASe" (it has more meaning in Czech language and it is impossible to translate). As the
name implies, this event merges our traditional annual conference with the Ovzdusi
conference organized by RECETOX RI. The primary motivation behind this collaboration
is the overlap in topics covered at both conferences and the opportunity to bring together
a broader panel of experts, addressing similar issues from different perspectives—be it
scientific research, practical implementation, or legislation. It is often these diverse
perspectives that spark new opportunities for collaboration and professional
partnerships.

This year also marks a special milestone, as the Czech Aerosol Society celebrates its
25th anniversary. I would like to take this opportunity to acknowledge our colleague, Jiti
Smolik, who founded CAS on April 2, 1999. Jiti played a pivotal role in establishing CAS on
the international stage and served as its long-term president. I would also like to
recognize his successor, Vlada Zdimal, who continued to enhance CAS’s visibility both
nationally and internationally during his tenure as president. In 2002, CAS became part
of the European Aerosol Assembly (EAA), an international consortium of national aerosol
organizations. Throughout its existence, CAS has brought together experts from the
aerosol and related fields, supporting the development of these topics and promoting
broader public awareness of this important scientific field. Moreover, CAS has been active
in contributing to the solution of pressing societal issues, such as environmental quality
improvement, global climate change, and, more recently, the spread of aerosols during
the COVID-19 pandemic.

The past year has been eventful for CAS, and I would like to briefly highlight a few key
developments. Most notably, we submitted a formal bid to host the European Aerosol
Conference (EAC) in Prague in 2028. This proposal, presented at the annual EAA board
meeting during EAC 2024 in Tampere, was unanimously approved by the representatives
of national aerosol societies. Over the next few years, the CAS board will be working hard
to prepare for EAC 2028, and we will keep all society members informed of the progress.
I look forward to discussing these preparations in more detail at the CAS members'
meeting on Tuesday, November 12, following the conclusion of the Tuesday’s conference
program.

[ would also like to extend my gratitude to our colleague ]. Schwarz, who has
requested to step down from his position as auditor within the CAS board. In his place, L.
MasSkova has been co-opted to the role. I sincerely thank Jarda for his dedicated work and
contributions to CAS, and I also appreciate Lida for her active involvement, particularly in
the preparations for EAC 2028.

In addition, we aim to establish a new tradition of plenary lectures at this conference,
a practice initiated last year by our esteemed guest, Prof. Philip Hopke. This year, we are
honored to welcome another prominent figure in the global aerosol community—Prof.
Alfred Wiedensohler. Prof. Wiedensohler is renowned for his work on the mathematical
description of aerosol particle charge distribution, a methodology widely used by the
aerosol community. He has also made significant contributions to the harmonization of

15



measurement techniques for characterizing aerosol physical properties. He currently
serves as the Director of the Topic Center for Aerosol In-Situ Measurements within the
pan-European ACTRIS research infrastructure and is a visiting professor at several
universities.

Finally, I would like to express my appreciation to all the sponsors of "Ovzdusi v
CASe", including our long-standing supporters and new partners: Altium, Biowell
(Dekati), Chromservis, ECM ECOMONITORING, Envitech and TSI. You will have the
opportunity to meet representatives from these companies during the conference, and
some will enrich our event with their contributions.

I would also like to extend a special thanks to Ani¢ka Spalova for her invaluable work
in editing the conference proceedings—a task that is often underappreciated but critical
to the success of this event.

[ look forward to seeing you all at Hotel 9 Skal and encourage you to share your ideas,
suggestions, and feedback throughout the conference.

Warm regards,
Jakub Ondracek (president of CAS)

Photo of CAS members participating at EAC 2024 in Tampere

16
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Joseph DURAT?, NadéZda ZIKOVA?, Vladimir ZDIMAL?, Petr VODICKA?, Jakub
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INTRODUCTION

Atmospheric aerosols (AA) harm human health (e.g., Liu et al. 2019) and affect the
climate through cloud formation and radiation forcing (Mahowald 2011). Their effect on
climate is still associated with large uncertainties within climate modeling (IPCC 2021).
The assessment of aerosol global effects is usually done through ground-based
measurement in rural areas to avoid local pollution sources. However, the changes in the
planetary boundary layer (PBL) and the high population density of Europe limit the
representativeness of those measurements. Higher elevation measurements and vertical
profiles of atmospheric pollutants and meteorological quantities are needed to assess the
spatial representativeness of those ground-based measurements and distinguish local
from long-range transported aerosols.

The wide range of aerosol particle size and the variety of chemical components make
it difficult to predict their impact on the state of the PBL, the atmospheric transport, and
the radiative forcing in the upper and lower troposphere (Schwarz et al. 2016;
Ramanathan et al. 2002). Solar radiation changes due to the presence of aerosols and can
provoke greater ozone production and high aerosol concentrations and influence cloud
condensation and ice nuclei (Tao et al. 2014; Liu et al. 2021). Thus, it is crucial to measure
aerosols both inside and above the PBL together with vertical detailed characterizations
of meteorological parameters. Few tall towers enable online aerosol studies (Bosveld et
al. 2020), and most of the existing ones are located in cities. Therefore, this study allows
operating measurements that have not been done yet and promises valuable results to
reduce uncertainty induced by aerosols.

AIM OF THE PROJECT

With the collaboration of the Institute of Chemical Process Fundamentals (ICPF CAS)
and the Global Change Research Institute of the Czech Academy of Sciences (GCRI CAS),
the three-year project aims to use a 250 m tall tower to measure aerosols at different
heights to identify the contribution of primary and secondary aerosol sources and to find
their origins depending on the status of the PBL. The other objectives are to characterize
AA’s physicochemical properties and compare AA's chemical composition, radiation
forcing, and number and mass size distribution of aerosols at two heights. An effort will
be put into describing the seasonal and diurnal behavior of AA based on long-term online
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in-situ measurements, evaluating the influence of different atmospheric thermodynamic
conditions on AA, and separating and locating AA local, regional, and long-range sources
using receptor modeling and back trajectories analysis. Finally, determining the
dependence of the onset of AA cluster growth on the height and status of the PBL and
comparing drone measurement with tall tower data set to define a methodology for
independent drone measurement will be crucial to assess the representativeness of
ground-based measurements.

METHODOLOGY

The tall tower at the National Atmospheric Observatory KoSetice (NAOK) (Fig.1) in
the Czech Highlands will serve for the measurements as it is out of range of major sources
of pollution and officially classified as a central European rural background site.
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Fig.1: Sampling strategy and geographical location of the National Atmospheric
Observatory Kosetice (NAOK) and photographs of the tall tower with sampling
containers at ground level and at 230 m.

Two sampling strategies using instrumentation listed in Tab.1 will be based on (1)
simultaneous measurements by two identical instruments located at 4 and 230 m above

the ground, (2) measurements by one instrument using a switching valve to sample
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aerosols at different heights by two inlets. Precautions will be taken to avoid the effects
of height difference and tube length. Additional data sets will be available through the
collaboration with ACTRIS CZ (Aerosols, Clouds, and Trace gases Research InfraStructure,
the Czech national node) and the research infrastructure CzeCOS representing 1COS
(Integrated Carbon Observation System) in the Czechia, such as cloud and rain detection
at 230 m, cloud characteristics thanks to Lidar measurements, and PBL height from
ceilometers. Trace gas vertical distribution will also be measured for COz, CO, NOx, and Os.

Tab.1: Overview of instruments and analyzers used, their measurement purposes, and
teams responsible for them (ICPF in white and GCRI in gray).

Instrument / Analyzer Type of measurement
C-ToF-AMS (Aerosol Mass Spectrometer) On-line, chemical composition
Aethalometer AE33 (2x) On-line, black carbon
OC/EC field analyzer (2x) On-line, organic and elemental carbon
Multi-Metals analyzer XACT325i - XRF On-line, metals
Multi-Metals analyzer PX-375 On-line, metals
?;/)[(1)38 (Scanning Mobility Particle Sizer) On-line, particle size distribution
APS (Aerodynamic Particle Sizer) (2x) On-line, particle size distribution
CPC (Condensation Particle Counter) (2x) On-line, particle number conc.

PSM (Particle Size Magnifier) On-line, cluster size distribution

Nano-SMPS On-line, nanoparticle size distribution

NAIS (Neutral cluster and Air lon On-line, atmospheric ions and cluster

Spectrometer) distribution

Nephelometer Aurora 3000 and TSI 3563 . :

(2%) On-line, aerosol scattering

Leckel sequential SEQ47/50 sampler (x2) Off-line, filter sampling

Microbalance Sartorius M5P Off-line, gravimetry

Ion chromatography Off-line, water-soluble ions concentration

Ceilometer CL51 On-line, PBL height, cloud base height

microAethalometer AES1 Black carbon monitor for drone
measurements

The procedure to ensure data quality will include laminar flow sampling, size-
dependent sampling losses determination, and checks for possible leaks. All instruments
listed in Tab.1 will be operated according to SOPs (Standard Operating Procedure) given
by the ACTRIS ERIC or the manufacturer manuals and recommendations.

The measured aerosols will be divided according to the heights of PBL. The temporal
evolution of the PBL will be studied from the ceilometer’s raw data using the Lotteraner
and Piringer (2016) method. Finally, a model for air mass trajectory generation, the
HYbrid Single-Particle Lagrangian Integrated Trajectory model (HYSPLIT) (Stein et al.
2015), will allow the study of the long-range transport of aerosols. The trajectories would
also be the base for the Potential Source Contribution Function (PSCF) (Wehrens et al.
2000) to calculate the probability of source location.
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EXPECTED OUTCOMES

The uniqueness of this project procures high expectations, with several publications
in peer-reviewed international scientific journals both within and after the completion of
the three-year project. In addition, regular presentations of the project’s results are
planned at international and national conferences. At least three PhD theses and several
master’s theses will use the data collected. The results will also be disseminated in the
form of science presentations at public events and seminars for high school and university
students and professionals.
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VRSTVY ATMOSFERY S POMOCI DRONU

Mykhailo FEDORENKO, Jan HOVORKA, Lubo$ MATE]J{CEK

Ustav pro Zivotni prostiedi, P¥irodovédecka fakulta, Univerzita Karlova, Benatska 2,
12801 Praha 2

fedorenm@natur.cuni.cz
Klicova slova: dron, teplota, vlhkost, mezni vrstva atmosféry
SUMMARY

Vertical profile of potential temperature 0 of the lowest part of atmospheric boundary
layer (ABL) significantly determines dispersal of pollutants ordinarily generated by
sources on ground. Therefore, fast, repetitive and highly time-and-space 6 profiling of the
first 120/300 m of the ABL is desirable. To accomplish such a task, we used fast iMet-XQ2
sensor for temperature T and relative RH and pressure mounted on upper part of a DJI
Air 2s drone. Upward T, RH profiles were measured and evaluated. The ascent speed of
the drone was approximately 1 ms-1. One profile was accomplished within 3-4 minutes.
Spatial resolution of the profile was 1 m. Between the measurements of individual profiles
0 was calculated and depicted in a heat map with contour lines for RH to get highly time
resolved overview for 0 profile of the lowest 120 or 300 m of the atmospheric boundary
layer. The interval between individual profiles was 10 to 15 minutes, based on which the
dynamics of the vertical profiles were then developed. Good agreement between vertical
profiling using by drone and by tethered balloon was found but limited to about wind
speed < 1 ms-1.

0voD

obsahuje vysoké koncentrace atmosférickych zneciStujicich primési Seinfeld (1986).
Jejich distribuce v této vrstvé je vyznamné ovlivnéna proudénim vzduchu, jehoz vertikalni
slozka je urcena predevsSim vertikdlnim pribéhem potencidlni teploty 6. Ta se pocita
pomoci vztahu odvozeného z Poissonovy rovnice s vyuzitim mérené teploty T Wallace
and Hoobs (2006). Klasicky se vertikalni profil teploty T méii pomoci meteorologickych
baldnii vybavenych radiosondou. Takova méieni ale nejsou ani prakticka ani ekologicka,
protoze ke konci méreni balon praskne ve vysSSich vrstvach atmosféry a spolu s
jsou alternativou balénu v posledni dobé drony. Technické zplisoby fesenti jejich vyuziti a
podrobny prehled nejenom dronti ale i dalSich bezpilotnich letadel pojednava ¢lanek od
Schuyler et al. (2017). Hemingway et al. (2017) navic zahrnuje zobrazeni vertikalnich
profilu T, RH a 0 s vyuzitim variogramové analyzy k urceni optimalnich prostorovych
vzorkovacich podminek pro T a RH, pii méreni rozsahlejSich profild mezni vrstvy
atmosféry az do vysky 1000 m. Nicméné, obé studie nezpracovavaji podrobné dynamiku
vertikalniho profilu teploty mezni vrstvé atmosféry.

Cilem prace je navrhnout a otestovat technické reSeni méteni vertikalnich profili T a
RH pomoci dronu, vysledky porovnat s mérenimi ziskanymi s pomoci upoutaného balénu

22


mailto:fedorenm@natur.cuni.cz

vy

300 metrech mezni vrstvy atmosféry.
METODY MERENT
Méreni vertikdlnich profili T a RH byly provadény pomoci monitoru iMet-XQ2
(InterMet Systems) umisténého na dron DJI Air 2s. Monitor vazi 60 g a poskytne data s

frekvenci méteni 1 Hz (Tab.1).

Tabulka. 1: Technicka charakteristiky monitoru iMet-XQ2

Parametr Rozsah Presnost Cas odezvy -s
Teplota -90to+502C +/-0.39C @ 5m/s flow
Vlhkost 0-100 % RH +/-5% RH @25°C, 0.6 s
Tlak 10-1200 hPa +/- 1.5 hPa 10 ms

GPS n.a. 12 m (vertikalni)

Dron DJI Air 2s ma hmotnost 595 g a rozméry 180x97x77 mm. Pro vypocet jeho vysky
nad terénem byla pouzita hypsometricka rovnice Bohren et al. (2023). Vertikalni rychlost
dronu byla priblizné 1 ms-1, tedy méreni jednoho profilu do 120 m vyZadovalo zhruba 2
minuty, celkové tak 3-4 minuty. Interval mezi jednotlivymi profily byl 10 az 15 minut.
V ramci této prace byly nékteré profily méteny i do vysSky 300 metrd, coZ odpovida zhruba
7-8 minutam, ale pro méfeni takovych profilii je nutné povoleni od Ufadu pro civilni
letectvi, protoZe maximalni povolena letova vySka dronu nad terénem je 120 m.

Misto meteorologického balénu byl pouzit upoutany balén naplnény heliem; jeho
hmotnost byla 1,05 kg, objem 3,5 m3, balén mél ¢ervenou barvu.

VYSLEDKY A DISKUZE

Bezpecné uchyceni, minimalizace vlivu tepla emitovaného dronem na monitor a

v Vvev

Nahoru
X—X .

Dolu

cervenou krytkou. Vpravo, vertikalni profil T méreny smérem nahoru(cervené) a
smérem dolli (modie), 17.09.2024, 14:42 - 14:47 (nad loukou)
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Pii pohybu smérem od zemského povrchu vzhiiru jsou pak senzory monitoru
oplachovany vzduchem rychlosti shodnou s rychlosti pohybu dronu na rozdil od pohybu
dolti, kdy vzduch je podstatné vice ovlivnén turbulenci od vrtuli dronu a profily se lisi
(Obr.1, vpravo). Proto byly vyhodnocovany vylucné profily ziskané pri pohybu dronu
vzhiru.

Pii porovnani vertikalnich profili namérenych dronem a balénem byl profil méren
nejprve dronem, pak byl monitor umistén na balén ve vzdalenosti 10 m od vlastniho
balonu, a poté opét dronem. Z vysledki lze vyclenit dvé krajni situace: prvni, kdy oba
profily vypadaji stejné (Obr. 2, vlevo), druha, kdy meéreni pomoci balénu vykazuji
vyraznou variabilitu na témér stejné vysce (Obr. 2, vpravo). Divodem variability miize
byt to, Ze balén nestoupd striktné nahoru, ale kromé vztlaku je ovlivnén silovym
plisobenim provazku a horizontalnim proudénim vzduchu. Kviili velikosti balonu je silové
plisobeni horizontalniho proudéni na balén podstatné vétsi nezli na dron. Pokud je
horizontalni proudéni dostatecné silné, prestane balén stoupat a zacne se pohybovat
horizontalné ve stejné vySce. A protoZe monitor méri kazdou sekundu pro tutéz vysku
zaznamena tedy vice hodnot teploty, které se mezi sebou lisi. Proto je idealni mérit pri
malé rychlosti vétru, cca < 1ms-1, kdy balon v podstaté stoupa kolmo vzhtru. Této situaci
odpovida profil na Obrazku 2. vlevo.
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Obrazek 2: Porovnani vertikalnich profilu T méfenych dronem a balénem,
3.07.2024 (nad loukou)
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Mezi mérenim jednotlivych profili byla obratem vypocitana 6 a zobrazena v grafu pro
stanoveni aktualniho stabilitniho stavu atmosféry (Obr. 3).

Pro zobrazeni dynamiky vertikalnich profilG lze data zobrazit v podobé barevné
mapy (heatmap), v které je na ose X ¢as a na ose Y vySka nad terénem a barevna $kala
Z pak znaci potencialni teplotu a konturovy graf s popiskami distribuce relativni vlhkosti.
Pro takové zobrazeni ale museji byt data zpracovana tak, aby pro vzdy kazdy cely metr
vysky byla odpovidajici data. K tomu bylo pouZito makro, které z namérenych binarnich
dat ptirazuje pro kazdy cely metr odpovidajici data. Pokud tidaje o urc¢itém metru chybi,
nahrazuji se aritmetickym primeérem ze sousednich vysek.

Napriklad denni chod vertikalniho profilu potencialni teploty nad loukou v lété
ukazuje rovnomérné prohrivani vice méné celého profilu vzduchu od zemského povrchu
do 120 m s maximem mezi 10 a 13 hodinou (Obr.4). Nicméné, v ¢ase nejvyssiho prikonu
slune¢niho zatfeni mezi 10:30 12:30, se nejnizsich 20 metrl prohtiva vyrazné vice, vznika
nestabilni zvrstveni atmosféry, které je ve vysSkach od 20 do 120 m blizké indiferentnimu.
S blizicim se zapadem Slunce, od 17:00, dochazi postupné k ochlazovani vzduchu,
zvrstveni atmosféry se postupné stava indiferentni (Obr. 4).
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Obrazek 4: Dynamika vertikalniho profilu 6 a RH, 19.6.2024 (nad loukou)

Podstatné odliSnou dynamiku profilu 6 a RH bylo mozné vysledovat nad Baltskym
moiem (Obr. 5). Vyrazna teplotni inverze v cca 100 m vznika v disledku studené motské
hladiny, kterd se prohiiva podstatné pomaleji neZli pevny povrch. Nasouvanim teplé a
suché vzdusné hmoty nad studenou moriskou hladinu se tato inverzni vrstva vyrazné
ztencuje od 100 m v 14:00 na cca 20-40 m v 19:20 (Obr. 5).
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ZAVER

Byla vypracovana metoda méreni vertikalnich profili teploty T a relativni vlhkosti RH
v prizemni vrstvé atmosféry s vysokym Casovym a prostorovym rozliSenim s vyuzZitim
dronu jako mobilni platformy. Metoda byla vypracovana pro méteni vertikalnich profili
atmosféry.

V porovnani méreni vertikdlnich profild T a RH ziskanych s pomoci upoutaného
balénu a dronu lze pro rychlosti vétru cca <lms! konstatovat shodu. Pri vysSich
rychlostech vétru jsou pak jsou méreni supoutanym balonem zatiZeny znacnou
variabilitou T a RH z dGivodu nechténého horizontalniho pohybu balonu.

Pomoci dronu lze ziskavat vertikdlni profily T a RH sinkrementem 1 metr a
s okamzitym zpracovanim a vyhodnocenim dat do 10 minut. Méreni a vyhodnoceni bylo
mozné prakticky provadét kazdych cca 20-30 minut. Redlné tak lze ziskat prehled o
dennim chodu teplotniho zvrstveni, a tedy stabilitni situaci, pfizemni vrstvy atmosféry

vV
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INTRODUCTION

Black carbon (BC) aerosols, one of the substantial contributors to climate change and
adverse health effects, are primarily emitted into the atmosphere through incomplete
combustion of fossil fuels and biomass (Bond et al., 2013; Ramanathan and Carmichael,
2008). The radiative properties of BC depend on its vertical profile (Samset et al., 2013),
and understanding its vertical distribution is crucial for accurately assessing its impact on
climate systems. However, current modeling-based studies on BC vertical profiles are
limited, highlighting the need for improved measurement techniques. Among all the other
methods, drones have recently gained popularity.

This research aims to assess the vertical distribution of BC aerosols using a drone
at two distinct sites in the Czech Republic: 1. NAOK (National Atmospheric Observatory
KoSetice), which represents a regional background location, and 2. FMP (Faculty of
Mathematics and Physics in Prague) represents an urban site.

EXPERIMENTAL SETUP

The micro-aethalometer AE51 (AethLabs), providing real-time equivalent BC (eBC)
concentration, a meteorology sensor measuring temperature and relative humidity, and
an Alphasense Optical Particle Counter (OPC) measuring particle number concentration
were attached to the drone. The same setup was used consistently at both sites.
Measurements were conducted during the summer and winter at each site, up to 250 m
at NAOKand 100 at FMP. The measurement interval was 10 seconds for eBC and 1 second
for particle number concentration to cover the high temporal variability of eBC
concentrations at the polluted site and cover changes in height during the flight. Two
vertical inlets were used for eBC measurements: one 30 cm high without a dryer and the
other 20cm high with a silica gel dryer, while no special inlet was used for OPC. The
particle loss rate calculated for the setup was < 9% for the 30cm inlet and < 1% for the
20cm dryer inlet. Descent flights were not considered due to the downwash effect from
the drone’s propellers. At NAOK, eBC was measured at the ground (4 m a,g.l.) and on top
(230 m a,gl.) of a 250-meter measurement tower with an AE33 (Magee Scientific),
providing a means to validate and calibrate the drone measurements
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RESULTS AND CONCLUSIONS

The eBC mass concentration was overestimated by 22.5 % and 75% by the AE51
compared to the reference devices (AE33) on the ground during summer and winter
without the dryer (Fig. 1a). After using the dryer, the concentrations were comparable
(under 10% difference, Fig. 1b), highlighting the importance of drying in minimizing the
impact of humidity, particularly for eBC measurements.

(a) without dryer (b) with dryer
230 +-0H ® [ eBC AE51
— ° {4 o [0 eBC ref AE33
£
=
()]
-‘.';’
4 +--{0h ® ® b————- S I e ®
o HO-4 +-{H
0.0 0.5 1.0 15 2.0 0.0 0.2 0.4 0.6 0.8
eBC mass concentration (ug/m~3) eBC mass concentration (ug/m~™3)

Figure 1. Boxplots of eBC mass concentration from drone vs. reference devices on
the tower at NAOK (a)without the dryer and (b) with the dryer.

At the rural site (NAOK), eBC mass concentration and particle number concentration
(PNC) decreased with height during both seasons, though the height at which the decrease
began was higher in winter than in summer. Vertical mixing effectively distributed BC
particles up to the first 50 m in both seasons at rural sites. However, stable atmospheric
conditions in winter led to uniform higher concentrations near the surface for both eBC
and PNC. The increase in PNC during winter at NAOK was primarily driven by fine
particles (PM1) associated with combustion sources such as residential heating.
Conversely, at the urban site (FMP), both eBC and PNC were more uniform across all
altitudes in summer, facilitated by strong emission sources and enhanced vertical mixing
driven by the urban heat island effect. eBC mass concentration and PNC in winter
decrease with height, reflecting limited vertical mixing due to stable atmospheric
conditions. However, PNCs were higher in summer, likely due to increased secondary
particle formation driven by elevated NO:z levels and photochemical reactions. Both the
sites exhibited a significant decrease in eBC mass concentration and PNC with increasing
humidity during winter, indicating that higher humidity levels contribute to decreasing
particulate matter concentrations.
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SUMMARY

Ship diesel engines are significant source of mane made nanoaerosol particles for
marine environment. Such combustion-generated nanoparticles are usually significantly
enriched with various environmental pollutants, which are delivered by nanoparticles
deposition to the sea or transported by the air to seashore. To reveal whether the
nanoparticles are being mostly deposited within the ship trails or subject of long-range
transport, we measured size and number of microdroplets generated by sailing ships,
since the microdroplets can significantly scavenge the nanoparticles. Microdroplets
generated by sailing ships were measured by commercial disdrometers positioned at the
bow of inflatable boat. Laser Precipitation Monitor - LPM was used for the measurement
on the Vltava river in Prague, Meteorological Particle Spectrometer - MPS was used on
the Baltic sea. The boat has cased ships downwind, at the at the distances 18 -200 m from
the stern of a ship. Ships usually sailed at the speed about 4 ms-1. Droplet size distributions
were dominated by < 125 Em droplets on both the localities. But droplet number
concentration was detected in the range of 8,24*10-4 - 3,1 cm-3 at the sea, while 4,6 *10->
- 2,6 *10-2 cm-3 on the river. Such a significant difference can be attributed to dimension
of chased ships and to significantly larger integration time for a LPM (60s) in comparison
with a MPS (1s).

UvoD

Lodni dieselové motory jsou vyznamnym antropogennim zdrojem aerosolovych
nanocastic. Plujici lod, kromé oblaku spalin, vytvari vodni triSt a za sebou zanechava
zCefenou a rozruSenou vodni hladinu, tj. lodni stopu. V té je moZno pozorovat vzduchové
bubliny, které praskaji na hladiné a tim se vytvari oblak mikrokapic¢ek De Leeuw a spol.
(2011). Bubliny se do vody dostavaji rozrusenim hladiny pohybem lodniho trupu a
kavitaci pri rotaci lodnich vrtuli Brennen (1995). Za lodi tak vznika oblak mikrokapicek,
na které se dieselové nanocastice vranych fazich rozptylu spalin mohou ucinné
zachytavat i pres to, Ze oblak ma kratkou dobou setrvani z diivodu relativné vysoké
sedimentacni rychlosti mikrokapicek.

Zamérem této prace bylo zmérit velikost a pocCet mikrokapicek generovanych
pohybem lodi.
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METODY MERENI

Pro méreni poctu a velikostni distribuce kapi¢ek generovanych pohybem lodi byly
prizplisobeny dva typy disdrometr(i, které obvykle slouzi k méfeni velikosti a padové
rychlosti hydrometeor(i. Laser precipitation monitor - LPM (Thies Clima) a
Meteorological particle spectrometer - MPS (Droplet Measurement Technologies) se lisi
co do velikostniho spektra a frekvence méreni (Tab.1.).

Tabulka 1. Technické charakteristiky disdrometrt

Parametr Laser precipitation Meteorological Particle
monitor Spectrometer

Velikost kapicek 0,16 - 8 mm 0,05 -3 mm

(efektivni)

Integrac¢ni doba méreni 60 s 0,1-1Hz

Oba disdrometry byly umistény na Spi¢ce nafukovaciho ¢lunu. LPM mél detek¢ni ¢len
ve vySce cca 0.5 m a MPS 1.2 m nad vodni hladinou. LPM byl vyuZit pro méteni na Vitavé
v Praze, MPS pro méreni na Baltském mori. Na VItavé byl clun pohanén elektrickym a na
Baltském mofri spalovacim motorem. Vzdalenost ¢lunu od sledované lodi byla mérena
laserovym dalkomérem (Nikon Forestry Pro II). Na obou lokalitach jel ¢lun ptrimo za lodi
a pohyboval se ve vzdalenosti 20-120 m. Maximalni rychlost ¢lunu byla obvykle mensi nez
béZna rychlost pohybu lodi, a proto se béhem méreni vzdalenost mezi sledovanou lodi a
¢lunem zvétsSovala.

VYSLEDKY A DISKUZE

Na Vltavé se mérilo mezi VySehradskym Zelezni¢nim a Jiraskovym mostem v obdobi
09.06. - 06.09.2024. Ve vzdalenosti mezi lodi a clunem 18-120 m bylo provedeno celkem
54 méreni a z nich vyhodnoceno 28 méteni. Byly sledovany 4 vyhlidkové lodé o délce 30-
50 m a jeden piivoz ,Brehous“, o délce 8,5 m a s dieselového motorem o vykonem 22kW.
Priimérna rychlost pohybu lodi byla kolem 2,8 ms-! maximalni pak 4,5 ms-1.

Celkovy pocet kapicek se pohyboval v rozmezi 4,6 *10-5 - 2,6 *10-2 cm3. Velikostni
distribuce poctu byla bimodalni s mody o velikosti kapicek <0,125 mm a 0.25 - 0.375 mm
(Obr.1).

Na Baltském mofti byla sledovana lod o délce 140 m a Sifce 22 m, vytlaku 11kt a
s vykonem dieselového motoru 7.9 MW. Tedy lod’ byla podstatné vétsi nez vyhlidkové
lodé na Vltavé. Jeji rychlost byla 4.2 ms-1. Celkovy pocet kapicek se byl v rozmezi 8,24*10-
4-3,1 cm3, pricemz nejvice byly zastoupeny kapicky od 50 do 100 mikrometri (Obr. 2).
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ZAVER

Béhem naseho méreni se primérna velikostni distribuce mikrokapicek na Vltavé od
Baltského moti zasadné neliSila priCemz dominovaly kapi¢ky o velikosti do 125 Em.
Nicméné, pocty mikrokapicek na Vltavé byly zasadné nizsi nezli na Baltu. Diivodem miize
byt jak velikost sledované lodi, tak prili§ dlouhd integratni doba méreni LPM
disdrometrem, ktera je 60s a mtze kolidovat s rychlym ¢asovym priibéhem sledovaného
jevu.
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INTRODUCTION

ACTRIS - The Aerosol, Clouds and Trace Gases Research Infrastructure - is a pan-
European Research Infrastructure Consortium (ERIC). The goal is to produce high-quality
data on short-lived atmospheric constituents. ACTRIS looks at processes leading to the
variability of these constituents in natural and controlled atmospheres. The ACTRIS
community involves more than 100 research organizations. ACTRIS ERIC was officially
established by the European Commission in April 2023.

ACTRIS-ERIC consists of 8 Central Facilities; Head Office, Data Center, and six Topical
centers dedicated to the sic components of ACTRIS: aerosol, trace gases, and clouds, all
for in-situ and remote measurements (Figure 1). The Topical Centers are responsible for
the quality assurance of the National Facilities, which can be observatories or exploratory
platforms such as chambers or mobile platforms.

[ Head Office ]

Central Facilities
{ Data Center }7

Six Topical Centers
I I I

[ Cloud In-Situ J

[Aerosol In—Situ} Errace Gas In-Situ

National Facilities

Figure 1: Organigram of ACTRIS-ERIC
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ACTRIS TOPICAL CENTER - CAIS-ECAC

In this presentation, the quality assurance for the aerosol in-situ component is
decribed. The Topical Center CAIS-ECAC - Center for Aerosol In-Situ Measurements -
European Center for Aerosol Calibration & Characterization. This CAIS-ECAC consortium
consists of seven laboratories, which are responsible for in total 12 advanced aesol in-situ
variables (Figure 2).

| CAIECAC |

L Microphysical and Optical Variables J

WCCAP PACC CCC
Germany Czechia Finland

e -

albestion Cetre
or Aseusol Phpics.

A
Figure 2: Organigram of the ACTRIS Topical Center CAIS-ECAC

The goals of CAIS ECAC are following:

a. CAIS-ECAC developed standard procedures for 12 advanced aerosol in-situ
measurements variables.

b. CAIS-ECAC standard procedures are based on ISO & CEN standards, scientific
publications, and the WMO-GAW guidelines.

c. CAIS-ECAC provides performance test for instruments of different manufacturers
to confirm the ACTRIS compliance for high quality measurements.

d. CAIS-ECAC provides traceable instrument calibrations against reference
instruments & certified standards.

e. All ACTRIS aerosol in-situ instruments are calibrated at the central facilities bi-
annually.

The 12 advanced aerosol in-situ variables are following:

Microphysical:
Particle Number Concentration > 10nm
Nano Particle Number Concentration < 10nm
Particle Number Size Distribution 10-800nm (mobility diameter)
Nano Particle Number Size Distribution < 10nm
Particle Number Size Distribution > 800nm (aerodynamic diameter)
Cloud Condensation Nuclei Number Concentration

Optical:
Multi-Wavelength Particle Light Scattering and Backscattering Coefficient
Particle Light Absorption Coefficient
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Chemical:
Mass Concentration of Non-Refractive Particulate Organics and Inorganics
Mass Concentration of Organic Tracers
Mass Concentration of Organic and Elemental Carbon
Mass Concentration of Particulate Elements

The variables in bold are obligatory for observatories, a fifth variable can be choosen
according to the reserch program of the individual observatory. In total more than 60
obervatories have an aerosol in-situ program and aboz 20 more exploratory plantforms
as well.

The presentation focuses on the quality asurance of the 12 variable by the seven different
laboratories as shown in Figure 2.
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INTRODUCTION

Organochlorine pesticides (OCPs) were widely used since the 1940s for agriculture
and disease control, but due to their environmental and health risks, they were restricted
in most countries (UNEP, 2001). Current-use pesticides (CUPs) have since replaced them
and are extensively applied globally (FAOSTAT, 2024). Both OCPs and CUPs enter the
atmosphere during application and through volatilization and re-volatilization following
atmospheric deposition (van den Berg et al, 1999), making time trends crucial for
understanding their sources.

While OCPs have been monitored extensively at continental and remote sites (Hung
et al., 2005; Hites and Venier, 2023), time-series data on CUPs remain limited (Wang et
al,, 2021; Debler et al,, 2024). In this study, biweekly samples were collected at a rural site
in Central Europe and analysed for OCPs (2013-2022) and CUPs (2019-2021).

EXPERIMENTAL SETUP

Air samples were collected biweekly at the National Atmospheric Observatory
KoSetice (NAOK), Czech Republic, from 2013 to 2022 for OCPs and 2019 to 2021 for CUPs
using a high-volume air sampler with a PM10 pre-separator. Sampling volumes averaged
5277 + 379 m? for OCPs and 3124 + 491 m? for CUPs. Particles were collected on quartz
fibre filters, and gases on polyurethane foam (PUF) plugs for OCPs and a PUF/XAD2/PUF
sandwich sorbent for CUPs. In total, 252 samples were analyzed for 30 OCPs/metabolites
and 107 for 48 CUPs. Samples were spiked with isotopically-labeled standards, extracted
an automated Sohxlet extractor, and cleaned using filtration for CUPs and column
chromatography for OCPs, cleaned, and analyzed by HPLC-MS/MS and GC-MS.

RESULTS, DISCUSSION AND CONCLUSIONS

Of the 48 targeted CUPs, 32 were detected in at least one sample, with 11 CUPs—
including pendimethalin—observed in over 80% of samples. CUP concentrations ranged
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from 40 fg m® (2,4-D) to 5 ng m*® (s-metolachlor). All targeted OCPs, except endrin
aldehyde, were detected, with six OCPs present in every sample from 2013 to 2022,
highlighting their persistence.

Observed atmospheric levels were directly compared with national and regional
agricultural practices. Seasonal patterns and long-term trends showed that many CUP
levels reflected their national usage patterns, highlighting the rapid effect of regulation,
e.g., for chlorpyrifos and fenpropimorph, while OCP trends showed the significant
decrease in atmospheric level for most of them, as well as the dominance of secondary
sources and long-range atmospheric transport.
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SUMMARY

Ground-level ozone (03) causes significant adverse health effects leading to
premature mortality and morbidity, damage to buildings and materials, crops, and harm
to animals leading to economic losses adding up to bilions of USD annually. Unlike in case
of the most other pollutants in the Czech Republic, O3 concentrations have not been
sufficiently decreasing, though concentrations of its precursors (VOC and NOx) have
decreased substantially over the past years. This study aims to explain how numerous
factors - such as heavy traffic, meteorological factors, daily course and seasonality, and
aerosol concentration and size distribution influence ambient O3 concentrations.

0voD

Imisni koncentrace ptizemniho ozonu (03) v Ceské republice (CR) na rozdil od
vétSiny ostatnich znecist'ujicich latek stagnuji, a to i prestoZe v poslednich letech dochazi
k i€innému sniZovani emisi i imisnich koncentraci jeho prekurzort, tedy volatilnich
organickych latek (VOC) a oxidd dusiku (NOx) (CHMU, 2024). O3 vyznamné piispiva
k poctu predcasnych amrti vlivem znecisténého ovzdusi (Juginovi¢ et al., 2021), které
podle Evropské environmentalni agentury (EEA, 2022) stale predstavuje hlavni
environmentalni riziko pro zdravi populace. O3 je rovnéz velmi u¢innym sklenikovym
plynem a ptispiva tak ke globalni klimatické zméné (Shindell et al., 2006). jeho konkrétni
podil je vSak zejména kviili jeho kratké dobé setrvani v atmosfére nejasny. O3 svymi
oxidatnimi ucinky poSkozuje materidly, stavby, sochy, a zpiisobuje tak Skody na
kulturnim dédictvi (Brimblecombe and Grossi, 2010). Sit’ stanic mérici imisni koncentrace
03v CR, aleijinde na svété viak neni dostate¢na k tomu, aby objasnila priibéh koncentraci
O3 a jeho vzdjemného vztahu s ostatnimi zneciStujicimi latkami, zejména pak
v mikroméritku a jednotlivych méstskych lokalitach. VétSina odbornych praci na toto
téma neprovadi exaktni méreni, a vyuzivda pouze modelovani, které mize byt od
skutecného stavu a expozice obyvatel znacné odlisSné. Neexistuje také mnoho studii
zabyvajicich se imisnimi koncentracemi O3 na dopravné zatiZenych lokalitach (Wichmann
et al, 2005), nebo studii vénujici se vztahu mezi O3 a aerosolem. Tento prispévek
predklada predbézné vysledky diplomové prace zaméruici se na objasnéni vlivu dopravy,
meteorologickych podminek, denni doby, ro¢niho obdobi, koncentraci a velikostni
distribuce Castic na imisni koncentrace Os.

METODY MERENI

Hodnocena byla vlastni namérena data koncentraci O3 z pristroje POM (personal
ozone monitor), koncentrace CO2 z pristroje COMET-U3430, koncentrace ultra jemnych
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Castic (<1um) z pristroje P-TRAK Ultrafine particle counter 8525. a koncentrace castic od
0.3 do 10 um priistrojem OPS 3330 (optical particle sizer). Kromé vlastnich dat byla
vyhodnocena také meteorologicka data a data intenzity dopravy z automatizované mérici
stanice AIM CHMU v Legerové ulici v Praze. Sbér dat probiha od 20.1.2024 a méfeni bude
pokracovat do 30.12.2024 kazdy tieti kalendarni tyden vzdy ve stiedu a v sobotu, tiikrat
denné (9:00, 13:00, 17:00 hod) na trase v centru Prahy. Trasa byla rozdélena do Ctyt na
sebe navazujicich usekii podle rozdilného charakteru lokalit (Obr. 1). Prvni isek (S1) vede
z ulice Benatska na roh ulice Jecna a Sokolska. Tento usek se vyznacuje stfedné intenzivni
dopravou a zna¢nym pievySenim. Druhy Gisek (S2) vede na roh ulic Sokolské a Ke Karlovu.
Tento Usek je charakterizovan jako jedna znejvice zneci$ténich lokalit NOx v CR
v diisledku velmi intenzivni silni¢ni dopravy. Treti tisek (S3) vede pies ulice Katerinska a
VysSehradska, a na rozdil od predchozich dvou tseki je dopravou zatiZen minimalné.
Posledni, ¢tvrty usek (S4) vede Botanickou zahradou Prirodovédecké fakulty Univerzity
Karlovy. Tento uUsek slouZi jako pozad’'ova lokalita trasy, protoZe je obehnany vysokou zdi
a zarostly hustou vegetaci.

zdroj: Google Earth.

VYSLEDKY, DISKUSE, ZAVERY

Protoze bude tato diplomova prace obhajovdna aZ na jare roku 2025, vysledky
prezentované v tomto prispévku jsou pouze predbézné. Dosud nameéiena data jsou
prezentovana v grafu znazornujicim koncentrace 03, COz a ultra jemnych c¢astic v
zavislosti na Case a misté (Obr. 2). NejvySsi maximalni koncentrace O3 (98 ppb) byla
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namétena v sektoru S3. Primérna koncentrace O3 v sektoru S2 vyznacujicim se intenzivni

vV

vV

Koncentrace O3 se dale vyznamné lisily v zavislosti na teploté.
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Obr. 2: Koncentrace O3 namétené v centru Prahy, rozdélené do ¢tyt sektort od 21.1 do
25.9.2024 kazdy tieti kalendaini tyden vzdy ve stfedu a v sobotu, v 9:00, 13:00 av 17:00
hod.
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INTRODUCTION

Hygroscopicity can be defined as the ability of aerosol particles to take up water
molecules from the surrounding environment. This property affects the size, refractive
index, chemical composition, and optical properties of the particles, as well as the
formation and properties of clouds. The dependence of certain types of particles on
relative humidity (RH) represents a critical factor in estimating the uncertainty of the
direct and indirect effects of aerosols on the climate (Burgos et al., 2019; Titos et al., 2021).

One of the conventional methods for measuring aerosol hygroscopicity of aerosols is
the observation of changes in light scattering properties with RH using an integrating
nephelometer (IN). It is common practice to utilize a setup comprising one IN at dry and
another at humidified conditions in parallel or in series (Titos et al., 2016). The outcome
of such a measurement is the enhancement factor f(RH), defined as the ratio of the
scattering coefficient osp under humidified (>80%) and under dry conditions (<40%).
However, the use of multiple instruments in such setups may lead to over- or
underestimation of the f(RH). Furthermore, there is a lack of information about aerosol
hygroscopic properties at European urban sites.

EXPERIMENTAL SETUP

A new experimental setup developed at Suchdol ACTRIS site (Czech Republic)
consisted of only one IN. Aerosol particles passed through a PM1o head, were dried
subsequently by a nafion membrane and split into two lines. One sampling line carried
solely the dried sample whereas another one carried the sample to the second nafion
membrane where counter-flow mass transfer between humidified particle-free air and
the aerosol sample takes place. Both dry and wet samples were transported alternatively
to the TSI 3563 IN through automated four-way switching valve every 60 min. f(RH) were
measured both for total f(RH)sc and backscattering f(RH)bsc coefficient obsp at 450, 550 and
700 nm with 3h time resolution (Fig. 1). The real RH of the sample was calculated based
on dew points from T/RH sensors installed before and after IN. This setup was installed
at ACTRIS background urban site (50°07'N, 14°23'E) from November 2022 to August
2023. Data availability was 70%.
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RESULTS AND CONCLUSIONS

The medians of the f(RH)sc and f(RH)bsc at 550 nm were 1.32 and 1.13, respectively.
Both variables exhibited their highest values in the spring, which may be attributed to
photooxidative activity of the atmosphere coupled with an elevated concentration of
SVOCs released from the surrounded flora (Fig. 1B). The single scattering albedo (SSA),
calculated from humidified osp, exhibited an increase of 11.20% compared to the dry osp
with the highest increase observed in the spring. The spectral analysis of f(RH)sc
demonstrated a predominant increase with wavelength, although there were also periods
of decrease, indicating the presence of dust in the aerosol sample.

The relationship between the scattering Angstréom exponent (SAE) and the
absorption Angstrém exponent (AAE) was employed to estimate the chemical
composition of the sample in the absence of direct measurement techniques (Cappa et al.,
2016). The substantial influence of black and brown carbon, as well as their mixture with
dust at the site corresponds to a relatively small hygroscopic growth of particles, typical
for urban environments. There was a positive correlation between the f(RH) and the
concentration of freshly emitted organic carbon particles. The high fraction of f(RH)bscin
f(RH)sc highlights the importance of further investigation of f(RH)bsc for the knowledge
about aerosol radiative effects.
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dry” method.
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SUMMARY

This study focuses on examining the formation of new particles (New Particle
Formation, NPF) and their growth into larger sizes. The effects of environmental
conditions on NPF events will also be examined. Data collection will take place at the
National Atmospheric Observatory KoSetice, a rural background site.

At ground level, a Neutral and Air Ion Spectrometer (NAIS) will be deployed to
measure both neutral and charged clusters or particles in size from 0.8 to 40 nm. A
Particle Size Magnifier (PSM) will also be used, capable of detecting neutral clusters
ranging from 1 nm to 12 nm. For larger particles (10-800 nm), a Scanning Mobility Particle
Sizer (SMPS) will be employed.

At a height of 230 meters above ground, another NAIS and SMPS will be used, along
with a nanoSMPS to measure particles as small as 1 nm.

This set of instruments enables continuous measurement of particle size distribution,
from the smallest stable clusters to those up to 800 nm. It also allows for comparison
between measurements taken at ground level and those at 230 meters. Due to the
deployment of NAIS, we will, for the first time, gain insights into the charge of the forming
particles.

UvoD

Aerosolové castice jsou vyznamnou a vSudypriitomnou slozkou zemské atmosféry,
kam se dostavaji bud’ primymi emisemi ze zdrojii, nebo vznikaji z plynnych prekurzort.
Molekuly plynii vytvareji shluky, takzvané Kklastry, které mohou nartstat do vétsich
velikosti, a nakonec tvorit nové aerosolové ¢astice. Koncentrace téchto klastri se béhem
dne méni. Klastry zacinaji vznikat rano, poté bud’ dale rostou, nebo mizi. Pokud dojde
k dalSimu ristu Castic, nazyvame tento jev NPF udalost (New particle formation - tvorba
novych castic).

Procesy, které ridi tvorbu novych ¢astic, dosud nejsou plné objasnény. Tvorba novych
Castic zavisi na podminkach prostredi, jako jsou napriklad meteorologické podminky
(srazky, smér a rychlost vétru a ptivod vzdusnych hmot) nebo vyska a stav mezni vrstvy
atmosféry (Holubova Smejkalova, A., 2021)

METODY MERENI
Méreni bude probihat na NAOK (Narodni atmosférické observatori KoSetice), kde je

k dispozici 250 m vysoky stozar. Na NAOK budou v provozu pristroje schopné mérit riizné
velikostni rozsahy castic. Jedna se o pristroje NAIS (Neutral and Air Ion Spectrometer),
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PSM (Particle Size Magnifier), SMPS (Scanning Mobility Particle Sizer) a nanoSMPS (nano-
Scanning Mobility Particle Sizer). Jejich seznam, rozsah a umisténi (zemsky povrch ci
vrchol stoZaru) obsahuje Tab. 1.

Tab. 1: Seznam pristrojy, jejich velikostni rozsah a umisténi

. . Pristroj Rozsah pristroje Typ mérenych castic
Uroven Y
zemského PSM 1-12 nm l.\Ie’u.tralm k.la,SEI:y :
povrchu NAIS 0,8-40 nm Nabité i nenabité castice
SMPS 10-800 nm Neutralni ¢astice
Stozar, ve vySce Pristroj Rozsah pristroje Typ mérenych castic
230 m nad nanoSMPS od 1,2 nm Neutralni klastry
zemskym NAIS 0,8-40 nm Nabité i nenabité Castice
povrchem SMPS 10-800 nm Neutralni ¢astice

Bude hledana metoda, jak dat ze ziskanych dat dohromady souvislé PNSD (Particle
number size distribution - pocetni rozdéleni velikosti ¢astic). Vyska mezni vrstvy
atmosféry bude méiena pomoci Ceilometru. Vliv ddlkového transportu bude zjistovan
pomoci analyzy zpétnych trajektorii vygenerovanych programem HYbrid Single-Particle
Lagrangian Integrated Trajectory (HYSPLIT) (Draxler, R.R., Rolph, G., 2013). Udaje o
srazkach a rychlosti a sméru vétru budou ziskany z CHMU.

PREDPOKLADANE ZAVERY

V dosavadnich studiich byla v provozu pouze ¢ast z uvedenych pristrojl, které
nedokazaly mérit oblast od 2,5 do 10 nm. Tato oblast je pfitom pro objasnéni tvorby
novych ¢astic pomérné zasadni. Cilem této prace je pokryt tuto prazdnou oblast a ziskat
souvislé PNSD. Bude zjiStovana zavislost tvorby novych castic v atmosféfe na
podminkach prostfedi a budou také porovnavana data ziskand na drovni zemského
povrchu s daty ziskanymi ve vySce 230 m. Diky NAIS bude moZné ziskat predstavu o
naboji vznikajicich klastrlia o mozném vlivu naboje téchto klastrli na tvorbu novych ¢astic
v atmosfére.
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SUMMARY

The aim of this contribution is to present partial results from the detailed analysis of
measured data obtained during the implementation of the PAUPZKO project, funded by
the Norwegian Funds. The concentrations of polycyclic aromatic hydrocarbons (PAHs)
and benzo(a)pyrene (BaP) were evaluated to identify potential sources of air pollution.
Samples were collected during three sampling and measurement campaigns: winter 2022
(January 18 - April 18, 2022), summer 2022 (June 14 - September 12, 2022), and winter
2023 (January 18 - April 17, 2023), across 120 locations in the South Moravian Region
(JMK) and the Vysocina Region (VYS). During each campaign, six air samples (PM10
aerosol particles) were collected, resulting in a total of 2,160 analyzed air samples.
Average BaP concentrations, calculated from 18 collected and analyzed samples,
exceeded 1 ng/m? at 31 of the 120 locations. This value represents the air pollution limit
for BaP established by the Air Protection Act No. 201/2012 Coll. However, it is defined as
an annual average concentration. Therefore, the measured BaP concentrations cannot be
interpreted as exceeding the limit but rather as elevated levels. In the regional
comparison, this involved 17 locations in JMK and 14 locations in VYS. Year-on-year
comparisons of winter campaigns showed an increase in BaP concentrations at 45
locations in JMK and 19 locations in VYS. On average, higher concentrations of PAHs
(including BaP) were measured in the JMK region.

Based on diagnostic ratios of selected PAHs, their sources were assessed.
Indeno[1,2,3-cd]pyrene (IPy) and benzo[ghi]perylene (BPe) were chosen as markers. The
results indicate that during the colder months, sources predominantly involved the
burning of solid fuels, or mixed sources of solid fuel and fossil fuels. Sources from burning
diesel and gasoline were minimal. In warmer months, the number of locations affected by
diesel and gasoline burning increased, while the number of sites polluted by solid fuel
combustion decreased. Additionally, at some locations, PAH concentrations were below
the detection limit, making it impossible to establish their diagnostic ratios.Here is the

UvVOD

Prispévek vznikl na zakladé vysledkd projektu Detailni monitoring polycyklickych
aromatickych uhlovodikili v ndvaznosti na zptresnéni planu zlepSeni kvality ovzdusi zony
Jihovychod CZ06Z 2020+ (PAUPZKO).Finan¢né podporen byl z vyzvy 2A “Tromso”
z programu “Zivotni prostfedi, ekosystémy a zména klimatu” financovaného z Norskych
fondd.

Znecisténi ovzdusi polycyklickymi aromatickymi uhlovodiky (PAU) je v posledni
dobé vysoce aktudlni a sledované téma. Diivodem je fakt, Ze nékteré PAU maji zadvazné
dopady na zdravi Cclovéka v¢. karcinogennich uc¢inki a namérené hodnoty
benzo[a]pyrenu, ktery je jednim z této skupiny $kodlivin, na mnoha stanicich v Ceské
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republice pravidelné prekracuji legislativné stanoveny ro¢ni imisni limit. Mnohé latky ze
skupiny PAU jsou povazZovany za indikatory (markery) riznych specifickych zdroja
zneciStovani ovzdusi. Z toho dlivodu je jejich monitoring a nasledné pokrocilé
vyhodnoceni vhodnym nastrojem pro identifikaci zdroji znecistovani ovzdusi. V malych
obcich jsou zvySené koncentrace vétSiny PAU indikatorem zvyseného podilu lokalnich
zdrojl vytdpéni na emisni zdrojové skladbé. Projektovy zamér vychazel z PZKO zény
Jihovychod CZ06Z 2020+, ve kterém je benzo[a]pyren specifikovan jako

vvvvvv

METODY MERENT{

Odbérové dny se shodovaly s odbérovym kalendaiem CHMU (kaZdy 3. den), tak aby
bylo moZné namérené koncentrace porovnatis daty dalSich méficich instituci (piredevsim
CHMU). Datum odbéru 6. vzorku bylo vybrano dle aktualnich potteb (nap¥. zastoupeni
vikendovych dni apod.). Kazda lokalita byla proméfena ve tfech 14dennich kampanich,
ato 2x béhem topné sezény a 1x béhem netopné sezdény za tcelem zahrnuti moZzného
vlivu riiznych zdroja v rtiznych ro¢nich obdobich. Z kazdé lokality bylo béhem realizace
projektu odebrano 18 vzorki PAU zachycenych na filtru. Dohromady tak bylo odebrano
2160 vzork PM10 a nasledné analyzovano ke stanoveni obsahti PAU v¢. BaP.

Odbéry vzorki probihaly po dobu 24 hodin dle odbérového kalendaie CHMU za
vyuziti vzorkovaci SVEN LECKEL SEQ 47/50-CD a SVEN LECKEL MVS6 (Sven Leckel
Ingenierbiiro, Némecko), s naslednou gravimetrickou analyzou na mikrovahach MX5
(Mettler - Toledo GmbH, Svycarsko). Gravimetricka metoda stanoveni koncentraci PM je
rovné? referen¢ni metodou podle ¢eské technické normy CSN EN 12341: 2000 ,Kvalita
ovzdusi - Stanoveni frakce PM10 aerosolovych - Referentni metoda a postup pfi terénni
zkouSce ovéreni tésnosti shody mezi vysledky hodnocené a referencni metody“. Za
ucelem stanoveni obsaht BaP byly stejnou metodou, a s vyuzitim stejnych odbérovych
zatizeni, odebirany vzorky PM10 s tim, Ze filtracnim médiem byl filtr z kifemennych
vlaken. Vlastni stanoveni koncentraci BaP pak bylo realizovano v souladu s ptilohou ¢. 6
k vyhlasce ¢. 330/2012 Sb. ve znéni pozdéjsich predpist referenéni metodou podle ¢eské
technické normy CSN EN 15549: 2013 ,Normovana metoda stanoveni Benzo[a]pyrenu ve
venkovnim ovzdu$i“ na plynovém chromatografu s hmotnostni detekci Triple
QuadrupoleAgilent GC/QQQ 7000C (AgillentTechnoloies, Inc., Némecko). Podle této
metodiky byly méreny i koncentrace ostatnich PAU.

K posouzeni zdroji polycyklickych aromatickych uhlovodikii (PAU) bylo pouzito
diagnostickych poméri vybranych PAU (Kitmal, 2012), (Tobiszewski,2012). Jako
markery byly vybrany indeno[1,2,3-cd]pyren (IPy) a benzo[ghi]perylen (BPe). Vzhledem
k tomu, Ze v literatuie jsou diagnostické poméry uvadény v riizné formé - jako prosty
pomér, jako pomér jednoho PAU a soucCtu dvou PAU, byly diagnostické poméry
sjednoceny ve formé

[IPy, BPe] = 22=5F¢ (1)

IPy+BPe

Tento diagnosticky pomeér je symetricky vii¢i obéma PAU a nabyva hodnot od -1 pro
[Py=0 do +1 pro BPe=0. Pro IPy=BPe je hodnota [IPy,BPe] rovna 0.

Z tohoto dlivodu byly prepocteny diagnostické poméry uvadéné v literatuie podle
uvedeného vzorce. Pri shlukové analyze byla pouZzita Euklidovskd metrika a Wardova
metoda shlukovani a k vypoctiim byl vyuzit OpenSource software R (R Core Team, 2024),
balicek , cluster (Maechler, 2023).
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VYSLEDKY, DISKUSE, ZAVERY

Na zakladé primérnych vysledki z jednotlivych lokalit v jednotlivych odbérovych
dnech byly sestaveny regresni kiivky zobrazuji zavislosti analyzovanych vzorkli na
dalSich mérenych parametrech (teplota), popripadé vzdjemné mezi jednotlivymi
vysledky (BaP, SumaPAU a PM10) a to za tcelem lepSiho pochopeni vzajemnych vztahi
v zavislosti na ¢ase odbéru vzorku.

Vysledky jsou uvedeny pro kompletni dobou realizace monitoringu a dale pak také
pro jednotliva sledovana obdobi rozdélena na jednotlivé kraje (Obr. 1).

V pripadé PAU (vCetné BaP) byla pozorovana logaritmicka zavislost, kdy v pripadé
vysSich teplot byly méreny niZsi koncentrace PAU (v¢. BaP). Tento trend byl pozorovan
vyraznéji na uzemi JMK, kde pii pohledu na data za celou dobu méreni byl koeficient
determinace odpovidajici hodnoté 0,87 (v pripadé VYS je tato hodnota 0,76). V zimnim
obdobi byla pozorovana vyznamna zavislost (0,61) v ptipadé JMK, naopak v pripadé VYS
(koeficient determinace 0,21) byla zavislost nevyznamna. V piipadé korelace mezi PM10
a BaP pozorujeme vyznamnou linearni zavislost v zimnich mésicich. Vzajemna zavislost
v pripadé regrese za celou dobu mérenti je ovlivnéna vyznamnym poklesem koncentraci
BaP v letnich mésicich, kde koncentrace BaP nijak nekoreluji s koncentracemi PM10.
Korelace mezi PAU a BaP byly aZ na vyjimku v pripadé letnich méteni v JMK vyznamné
a ukazuji na spole¢ny nartist koncentraci smérem k zimnim mésictim. V pripadé korelaci
PAU vici teploté a PM10 bylo pozorovano shodné chovani jako v ptipadé BaP.
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R2=0.661 R?=0.682 R?=0.085
34 s 30 T 5
o = 20 ’ 0 -~
o 2 % o o 4]
J 104
@’ £ Z %
0+ @ 0
104 . —
0 10 20 0 10 20 0 10 20
t t t
BaP vs SumaPAU - JMK BaP vs PM10 - JMK SumaPAU vs PM10 - JMK
R*=10.992 R*=0.424 R*=0.422
J 34 30
o}
o o 27 & 201
T ] ©
o o 1 £ 104
)
0 e e [0
0 10 20 30 10 20 30 40 10 20 20 40
SumaPAU PM10 PM10
BaPvst-VYS SumaPAU vs t- VYS PM10 vst- VYS
R2=0.58 R?=0.665 R?=0.062
s 25 .
5 i 50
o 2 401
B4 E 304 - -
04 20+
10— , . — .
0 5 10 15 20 25
t
BaP vs SumaPAU - VYS BaP vs PM10 - VYS SumaPAU vs PM10 - VYS
R%=0.989 R2=0.502 R?=0.446
+ _ %]
o 2] &£ 20
& 1 £
E 104
@
0- s t T T T - T L T L 04 T 0% o + : +
0 5 10 15 20 25 10 20 30 40 50 10 20 30 40 50
SumaPAU PM10 PM10

Obr. 1: Vysledné korelace primérnych dennich koncentraci métenych latek - za celou
dobou monitoringu
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Obr. 2: Vysledné korelace priimérnych dennich koncentraci mérenych latek - za zimni

kampané

V ptipadé posouzeni zdroji PAU byly jednotlivé lokality pro uptesnéni zarazeni
podrobeny shlukové analyze pro namétené hodnoty. Pro analyzu byly pouzity primérné
hodnoty koncentraci jednotlivych PAU pro kazdou lokalitu zvlast a pro kazdé obdobi
(teplejsi - chladnéjsi) zvlast. Z takto vypoctenych hodnot byly spocteny hodnoty [IPy,BPe]
pouzité pro shlukovou analyzu.

Na zakladé diagnostickych pomérti a shlukové analyzy, ktera priradila jednotlivym
lokalitdm prislusné shluky, byly pro jednotlivé skupiny lokalit provedeny odhady zdrojt
podilejicich se na znecisténi ovzdusi PAU vazanymi na aerosolové castice.

Z vyse uvedenych vysledki lze vyvodit, Ze lokalni topenisté hraji vyznamnou roli v
kvalité ovzdusi na uzemi sledovanych kraji. Ukazuji na to vysledky identifikace zdroji na
zdkladé analyzy diagnostickych poméra vybranych PAU. Ty ukazuji, Ze v ptipadé 68
lokalit jsou PAU plivodem ze spalovani dreva, uhli a travy, ve 46 piipadech se jedna o
smiSené zdroje a pouze v 6 pripadech o zdroje pivodem ze spalovani paliv (dopravy). V
pribéh letnich méreni dochazi ke zvySovani podilu PAU z dopravy, pocet lokalit s
ptivodem PAU ze spalovani rostlinného materialu klesa na 26 (z toho 24 lokalit na izemi
JMK). Na uzemi VYS v zimnich mésicich prevlada jako zdroj PAU spalovani rostlinnych
materidl{, v letnich mésicich poté smiSené zdroje. Pocet lokalit ovlivnénych dopravou v
zimnich mésicich na Vysociné byl 4, v letnich mésicich 14. V pripadé JMK prevladaji
smiSené zdroje v zimnich mésicich a spalovani rostlinnych materialt v letnich mésicich.
Pocet lokalit ovlivnénych dopravou v priibéhu zimy byl 2, v priibéhu letnich mésict 4.

Oba kraje vykazuji sezonni vykyvy. Vyssi koncentrace PAU (BaP) byly v priibéhu zimy
ve srovnani s Iétém pozorovany u obou krajl. Negativni korelace teploty s koncentracemi
PAU je vyznamnéjSi v ]Jihomoravském kraji. Z pohledu jednotlivych lokalit byly
pozorovany rozdily v sile korelaci. V Jihomoravském kraji na lokalité Hosténice byla
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nejsilnéjsi negativni korelace mezi teplotou a BaP (-0,83), nejslabsi na lokalité Moravsky
Krumlov (-0,57), na Vysociné na lokalité Cervena Recice byla nejsiln&j$i negativni
korelace mezi teplotou a BaP (-0,85), nejslabsi na lokalité Hrotovice (-0,33).

Dale dochazi také ke korelaci s koncentracemi PM10 a to v zimnich mésicich, v letnich
mésicich dochazi k vyraznému poklesu koncentraci vSech PAU, coZ se projevuje na
vzajemné regresi a proto v pripadé letnich odbért nebyla pozorovana zavislost mezi PAU
(BaP) a PM10. Krom letni mérici kampané na izemi JMK sledujeme vyznamnou korelaci
mezi sumou PAU a BaP, koncentrace sumy PAU svym chovanim vici teploté a PM10
priblizné odpovidaji trendiim jako tomu je v piipadé BaP. V piipadé letnich méreni v JMK
nejspisSe doslo k ovlivnéni vybranych lokalit v danych dnech jinym zdrojem PAU (neZ v
pripadé zdroje BaP).
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SUMMARY

This study evaluates the variability of organic aerosol (OA) sources monitored at the
National Atmospheric Observatory KoSetice (NAOK), a rural background site.
Non-refractive PM1 was evaluated in four seasons of 2019. The positive matrix
factorization with multi-linear engine was used to determine the sources of OA at NAOK,
with five or four factors resolved for individual seasons. The probable origin areas of OA
factors were identified by the ZeFir program. NAOK is affected by local sources of OA, as
well as by regional and long-range transport of OA.

0voD

Zdroje jemnych atmosférickych aerosolii (PM1), resp. organickych aerosolt (OA)
v ovzdusi Stfedni Evropy jsou urceny jen velmi priblizné (Crippa et al., 2014; Chen et al,
2022). Cilem této prace proto bylo zhodnotit vyvoj koncentraci PMi1 a OA spolu s
variabilitou jejich zdroji sledovanych na venkovské pozadové stanici, Narodni
atmosférické observatori KoSetice (NAOK - 49°34°24"N, 15°4’49"E, 534 m n. m.)
v jednotlivych ro¢nich obdobich roku 2019. Zimni kampan probéhla od 8.1. do 6.3, jarni
od 12.3.do 31.5,, letni od 4.7. do 23.8. a podzimni od 1.9. do 14.10. 2019.

METODY MEREN{

Méreni aerosolovym hmotnostnim spektrometrem s kompaktnim analyzatorem doby
letu (compact-Time of Flight-Aerosol Mass Spectrometer - c-ToF-AMS), mérici
nerefraktivni PM1 (non-refractive - NR-PM1, Drewnick et al, 2005), byla doplnéna o
1minutova méreni ekvivalentniho Cerného uhli (eBC) pomoci aethalometru (Model
AE33), 0 10minutova méreni meteorologickych prvkii (teplota, rychlost vétru, smér vétru,
relativni vlhkost) a o 1hodinové koncentrace plynnych znecistujicich latek (NOx, O3, CO,
S02). Koncentrace ve vodé rozpustnych iontd a cukr@ (nap¥. K+, SO%- a Levoglucosanu) v
PM1 byly vzorkovany s 24hodinovym casovym rozliSenim pomoci nizkoobjemového
vzorkovace Leckel (Model LVS-3) a 96hodinové zpétné trajektorie (GDAS, 1° x 1°, 500 m
AGL) byly vypocitdny pro kazdou hodinu pomoci Hybrid Single Particle Lagrangian
Integrated Trajectory modelu (HYSPLIT, Stein et al, 2015).

Metoda pozitivni maticové faktorizace (PMF) spolu s multilinearnim motorem (ME-
2) byla aplikovana na AMS organicka hmotova spektra (korigovana pomoci parametru
efektivita odbéru, collection efficiency, CE) za Ucelem rozdéleni OA na riizné faktory z
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hlediska jejich hmotnostnich spekter a ¢asovych rad. Ke spusténi PMF i ME-2 byl vyuzit
program Source Finder (SoFi) (Canonaco et al, 2013). Software ZeFir byl pouzit pro
analyzu vétru a zpétnych trajektorii jednotlivych faktort (Petit et al, 2017).

VYSLEDKY

Nejvyssi primérné Kkoncentrace vétSiny sledovanych veli¢in (jemného
atmosférického aerosolu PM1, dusi¢nanli NO3-, chloridi Cl-i eBC) byly zaznamendany
béhem zimni méftici kampané, nejvyssi prliimérné koncentrace OA, resp. sirand (S0,2)
byly naméreny v 1été, resp. v 1été a na jare. To ukazuje na vliv mistnich antropogennich
aktivit a zhorSenych rozptylovych podminek na zvySené koncentrace NO;-, Cl- a eBC,
zdroje téchto sloucenin jsou na pozadovych lokalitdch Stredni Evropy v zimé spojeny
zejména s vytapénim domacnosti lokalnimi topenisti. ZvySené koncentrace OA a SO,2
maji paivod zejména v prirodnich zdrojich, pripadné jsou na pozadovou lokalitu
transportovany dalkovym transportem ze znecisténych oblasti stiedni Evropy, jejich
vyznamnym zdrojem v topné sez6né jsou takeé lokalni topenisté (Tab. 1).

Tab. 1: Primérné koncentrace sledovanych veli¢in (pg-m-3) a jejich podil na
celkové hmoté PMi (sloZky NR-PM1 jsou uvadény po CE korekcich) vjednotlivych
sezonach roku 2019.

pug-m-3 zima jaro léto podzim
PM1 11,1 8,2 7,6 4,3

0A 3,1 29% 2,7 33% 45 58 % 1,8 43%
SO04% 1,3 12 % 1,5 18 % 1,5 20% 0,8 19 %
NOs- 3,3 30% 21 26% 0,7 9% 0,7 16 %
NH4* 2,2 19% 1,2 14% 0,6 7% 0,5 10 %
Cl- 0,1 1% 007 07% 007 08% 0,03 1%
eBC 1,0 9 % 0,7 8% 0,4 5% 0,4 11 %

V programu SoFi bylo pro zimni, jarni a podzimni sezénu identifikovano 5 zdroji OA.
Tri z téchto zdroji, organické aerosoly uhlovodikového typu (hydrocarbon-like organic
aerosol - HOA), spalovani biomasy (biomass burning organic aerosol - BBOA) a spalovani
uhli (coal combustion organic aerosol - CCOA) patii do skupiny primarnich OA (primary
OA - POA). Zbylé dva faktory, méné oxidované a vysoce oxidované organické aerosoly
(less and more oxidized OA - LO-OOA and M0O-00A), patri do skupiny sekundarnich OA
(secondary OA - SOA). Pro letni sezonu byly identifikovany 4 zdroje OA, faktor CCOA v 1été
chybél (Tab. 2).

Tab. 2: Priimérné koncentrace jednotlivych faktori a jejich podil na celkové hmoté
OA (pg-m-3) v jednotlivych sezénach roku 2019.

pgm-3 zima jaro l1éto podzim
HOA 0,4 14 % 0,2 9% 0,6 14 % 0,3 14 %
BBOA 0,4 12 % 0,2 7% 0,2 5% 0,1 8 %
CCOA 0,1 3% 0,1 5% - - 0,04 2%
LO-00A 0,5 17 % 1 31 % 1,7 39 % 0,5 28 %
MO-00A 1,7 54 % 1,1 48 % 1,9 42 % 0,9 48 %

Uvedené POA faktory koreluji vjednotlivych sezénach svybranymi, zdrojové
specifickymi markery. Faktor BBOA koreluje velmi dobife seBC ze spalovani
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dieva (eBCbb), dale s feo (fso = m/z 60 / OA), tj. charakteristickou m/z pro levoglukosan, s
K* popripadé se samotnym levoglukosanem, tj. s markery spalovani dreva (Simoneit et
al, 1999, Andreae 1983). Faktor CCOA koreluje velmi dobie s koncentracemi
polycyklickych aromatickych uhlovodiki (PAU).

Potencialni zdrojové oblasti jednotlivych faktort byly identifikovany pomoci metody
podminéné bivariacni pravdépodobnostni funkce (conditional bivariate probability
function - CBPF). Bylo tak potvrzeno, Ze koncentrace jednotlivych faktori jsou na NAOK
ovliviiovany jak mistnimi zdroji (zejména v zimé) tak regionalnim transportem z okolnich
mést a vesnic, resp. transportem dalkovym (Obr. 1). Vysledky klastrové analyzy ukazuji
na rozdily ve zdrojich jednotlivych faktorl identifikovanych v jednotlivych sezénach -
vy$si koncentrace vSak byly vZdy naméreny pri kontinentalnim proudéni.

LO-O0A MO-00A
S

Obr. 1: Sez6nni vysledky CBPF PMF faktort pro OA (primérné hodnoty) pro a) zimu, b)
jaro, c) 1éto a d) podzim, pro léto faktor CCOA chybi.
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INTRODUCTION

Lightning activities are used as bases in enhancing prediction of severe convective
weather events, particularly nowcasting. Studies showed that lightning activities are
highly correlated with precipitation rate. However, linking the occurrence of lighting to
the thermodynamics of thunderstorm is not well understood on a localized scale. In the
Philippines, there have been a few studies relating lightning with thunderstorm.
Precipitation during thunderstorm event can be intense, and the duration of torrential
rain can last longer hours resulting to damages in properties, and associated flooding or
landslide that may even cause deaths. Thus, developing an early warning system based on
lightning activity for severe weather events is of great value. The study aims to evaluate
the relationship between lightning and thunderstorm activities in Metro Manila by
analyzing their spatiotemporal distribution and investigating the atmospheric profile
conditions during thunderstorm across different seasons. Case studies are conducted to
identify common features observed from atmospheric profile of thunderstorms that
coincided with intense lightning activities.

EXPERIMENTAL SETUP

Daily, monthly, and seasonal patterns of lightning and thunderstorm occurrences are
analyzed using the synoptic reports, TRMM Lightning Imaging Sensor, Blizortung and
WWLLN lightning detection network, and upper air observations.

RESULTS AND CONCLUSIONS

Variability in the spatiotemporal distribution of lightning was found to be linked with
the diurnal cycle with ~ 95% lightning activities observed between late afternoon and
early evening. Lightning activities from TRMM LIS (intra-cloud) and WWLLN (cloud-to-
ground) depict the high frequency occurrence of thunderstorm in Science Garden station
and peak during the southwest monsoon season. Results shows that 57% of lightning
occurrences were observed during the southwest monsoon, 25% during transition
period, and 18% during northeast monsoon season. High frequency lightning occurrence
during southwest monsoon season is associated with atmospheric profiles having large
CAPE value of greater than 1000 ] /kg, negative lifted index, K index greater than 300C and

56


mailto:andan@icpf.cas.cz
mailto:andanc@natur.cuni.cz

precipitable water greater than 41 mm. These implies a high probability of thunderstorm
characterized by a strong updraft strength, unstable low-level air parcel, and high
precipitation rate. To further demonstrate these results several case studies from the past
severe weather events were analyzed. Case studies of severe weather events having high
frequency lightning occurrence was due to the thunderstorm having an atmospheric
profile initial condition of large CAPE value, negative lifted index, larger K index, and
higher precipitable water. It is evident from the case studies that attainment of this initial
condition leads to severe form of weather event either during the day or night and
regardless of the season.

The relationship of lightning and thunderstorm established in this study can serve as
basis for better prediction of thunderstorm in Metro Manila using lightning data. This will
be of great value to the different sectors like the government, aviation, insurance, and
emergency services.
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INTRODUCTION

When measuring atmospheric aerosols, it is crucial to perform accurate sampling and
conditioning of the aerosol sample. Numerous recommendations and standards describe
the appropriate setup for this process. The best practices and scientifically proven
methods are also employed by the large pan-European research infrastructure, ACTRIS
(Aerosol, Clouds, and Trace Gases Research Infrastructure). One of the primary goals of
ACTRIS is to standardize measurement techniques for characterizing short-lived
atmospheric constituents. This harmonization also includes ensuring the correct delivery
of the aerosol sample to the respective aerosol in-situ instruments, or in other words,
establishing a proper sampling setup. All these recommendations are summarized by the
ACTRIS Central Facility (CF) known as CAIS-ECAC (Center for Aerosol In-Situ
Measurements - European Center for Aerosol Calibration and Characterization).

SAMPLING RECOMMENDATIONS

A properly designed aerosol sampling setup ensures that the aerosol sample is
delivered from the ambient environment with minimal changes, unless the measurement
technique requires the removal of certain unwanted components (e.g., using an OC/EC
denuder). An ideal sampling system should:

o Remove hydrometeors (such as precipitation or fog droplets)

o Ensure a representative ambient aerosol sample, minimizing particle losses
o Reduce the relative humidity of the aerosol sample to below 40%

o Minimize the evaporation of (semi)volatile aerosol particles

The recommendations cover the selection of the appropriate sampling inlet for
specific aerosol instruments, as well as considerations for special environmental
conditions. Another crucial factor is proper aerosol conditioning (such as drying or
removing unwanted components). Additionally, attention should be given to the choice of
suitable materials for the sampling lines, the dimensions of the sampling lines, and,
importantly, representative aerosol sample splitting when multiple instruments are using
a common sampling inlet—also known as isokinetic subsampling.
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INTRODUCTION

Exposure of living cell cultures at air-liquid interface (ALI), mimicking i.e. human lung
surface, is believed to be one of the most realistic means to model toxicity of complex
mixtures of pollutants on human health. The complexity of the close cooperation of
“emissions source” and toxicology groups and of the instrumentation are among the
limiting factors of ALI.

Here, the concepts of ALI exposure and real-world emissions monitoring using
portable emissions monitoring systems (PEMS) are combined into a portable emissions
toxicity systems (PETS), along with a mobile toxicological laboratory base, for field
deployment, including operation in moving vehicles.

EXPERIMENTAL

The cell cultures are contained in airtight 17x13x9 cm exposure boxes, where the
sample is symmetrically distributed into 8 wells of a standard Transwell 24-well holder
populated with standardized 6 mm inserts, at 25 cm3/min/insert. In a 40x35x45 cm inner
dimensions incubator, sample and control air, conditioned to 5% COz, 37 °C and >85%
humidity, are pumped through to up to four exposure boxes. Auxiliary mobile base
laboratory includes a small laminar flow box, additional incubator and freezer.

Validation of the system has comprised of a) characterizing particle losses in the
sampling train by comparing size-resolved particle concentrations at the system inlet and
at the exposure box inlet, b) characterizing particle deposition rates by introducing silver
nanoparticles into the system and assessing the number of particles deposited per surface
area on electron microscope grids placed in lieu of cell cultures, c) assessing the viability
of cells exposed to control air, with cell cultures having undergone extensive transport,
handling at a range of temperatures, and exposition in a moving vehicle, d) assessing the
viability of cells exposed to relatively clean background air at the KoSetice national rural
background station.
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RESULTS

The penetration rate through the sample conditioning system (heating to 37 °C,
increase in humidity to >85% relative humidity, CO2 addition) is shown in Fig. 1 on the
left for a relatively crude measurement using a spark generator and on the right for oven-
generated silver nanoparticles with both improved sample conditioning and reduced
measurement uncertainty (standard deviation shown in vertical bars). The particle
deposition rate, as determined by electron microscope imaging, could not be conclusively
assessed due to disaggregation of silver nanoparticle clusters, and is estimated to 1-2%.
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Fig. 1: Exposure system sampling train penetration rate: left - gold particles
generated by spark discharge, right - optimized sampling train, silver particles
generated in an oven.

The system has undergone an extensive field validation, including 4 h of exposure and
2 h transport in a vehicle each day for 5 days, 5-day operation outside in vans and tents
at -5 to +32 °C, transport of up to 800 km and test on a heavy-duty truck, during which
cells were exposed to the diluted exhaust from the truck.

We believe this is the first known use of ALI exposure chamber as PEMS, useful for
monitoring of toxicity of a range of air pollution sources.

CONCLUSIONS

A mobile toxicological incubator, where cell cultures grown on membranes are
additionally enclosed in small exposure boxes, and exposed to pollutants at air-liquid
interface, has been developed and characterized in this work, and used in several field
campaigns.
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KONCENTRACE TEZKYCH KOVU A JEJICH VYVOJ V LETECH 2010-2021
Adéla HOLUBOVA SMEJKALOVA, Jan PACNER, Hana SKACHOVA, Tomas ISTOK
Cesky hydrometeorologicky ustav, Praha, Ceska Republika, adela.holubova@chmi.cz
Klicova slova: Tézké kovy, Ventilatni index, PM1o
SUMMARY

The emission of heavy metals in atmospheric aerosols has been regulated since the 90s
of last century and has continually decreased until now. This work is focused on
evaluating law-limited heavy metal concentrations for 12 years (2010-2021) and their
evolution in the Czech Republic. Heavy metal concentrations were reduced under the
studied period in all station types and all heavy metals (Arsenic, Cadmium, Lead and
Nickel), except for Nickel concentration at the industrial station type.

UvoD

Tézké kovy obsazené v aerosolovych c¢asticich v ovzdusi plisobi Skodlivé nejen na
lidské zdravi ale i na Zivotni prostiedi obecné, zejména proto Ze se v prirodé témér
nerozkladaji (Mitra et al. 2022, Suvarapu and Baek 2017). Umluva o dalkovém pienosu
Skodlivin pres hranice statu dala zakladni ramec pro vznik evropské legislativy zamérené
na sniZzeni emisi tézkych kovi oproti trovni z r. 1990. Mezinarodni i narodni zavazky
vedly ke sniZeni emisi vybranych latek aZ 0 90 % v porovnani mezi lety 1990 a 2022 (EEA
2024a). Mezi mezindrodni zakonné nastroje lze zaradit napi. Aarhusky protokol z roku
1998, aktualizovany v roce 2012, ¢i smérnici 2016/2284/EC (EEA 2024b). K narodnim
zakonnym nastrojiim patii zejména Zakon ¢. 201/2012 o ochrané ovzdusi stanovuje ro¢ni
imisni limity pro ¢tyfi vybrané tézké kovy a to Arsen (As - 6 ng-m-3), Kadmium (Cd - 5
ng-m-3, Olovo (Pb - 500 ng:m~3) a Nikl (Ni - 20 ng-m-3). Tato studie sleduje vliv
legislativnich zmén na koncentrace tézkych kovi simisnim limitem méfenych
v aerosolovych ¢asticich v Ceské republice v letech 2010-2021.

METODY MEREN{

Hodnoceny byly koncentrace tézkych kovii vzorkovanych po dobu 24 hodin 1x2 dny,
nasledné analyzovanych metodou ICP-MS. Vzorkovani probihalo v ramci akreditovaného
odbéru Statni sité imisniho monitoringu provozované Ceskym hydrometeorologickym
ustavem (CHMI 2024). Vybrano bylo 16 stanic v riizném typu prostiedi - dopravni (T),
pozad'ova méstska (BU), pozad'ova priméstska (BS), pozad'ova venkovska horska (nad
800 m n. m.; BRM), pozad'ova venkovska nizinna (do 800 m n. m.; BRL) a primyslova (I).
Casové fady byly normalizovany o disperzni charakteristiky dle postupu uvedeném
v Chen et al. (2022), aby bylo moZné minimalizovat vliv meteorologickych podminek na
mérené koncentrace a tak sledovat vliv legislativnich opatreni.
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VYSLEDKY

vV

stanicich (napt. primérna koncentrace Pb byla 3,13 ng-m~3) naopak nejvyssi koncentrace
byly zaznamenany na priimyslové stanici (napt. primérna koncentrace Pb byla 22,21
ng-m-3). Zanedbatelné rozdily v koncentracich vSech téZkych kovii byly mezi stanicemi
typu BU a BS (napf. primérna koncentrace Ni na stanicich BU byla 0,58 ng-m-3 a na
stanicich BS 0,62 ng-m~3). Normalizované koncentrace (DN) ukazuji na vliv rozptylovych
podminek na mefené koncentrace tézkych kovii. Napiiklad u stanic typu BRL byly
koncentrace Cd po normalizaci o 26 % nizsi neZ ptivodni méfené hodnoty (Obr. 1).
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=4 4 l 30 &
£ ’ £
= ‘ B | t20<
g 2 2 H 8
=] . €
5 ‘ {11 LI }105
~ = 1 f" [ = r et X
DN OR DN OR DN OR DN OR
typ stanice: &8 BRL &= BRM B BS E BU | T

Obr. 1: Koncentrace tézkych kovli v obdobi 2010-2021, méfenych na stanicich: dopravni
(T), pozad'ova méstska (BU), pozad'ova priméstska (BS), pozad'ova venkovska horska
(BRM), pozad'ova venkovska nizinna (BRL) a primyslova(I). Originalni data jsou
oznacena OR, normalizovand data jsou oznacena zkratkou DN a jsou podbarvena zelené.
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SUMMARY

Many accessories and devices for air sampling cover a broad spectrum of monitored
volatile substances and air contaminants in a wide range of concentrations. Metal
canisters with an inert surface treatment (Fig. 1) provide high inertness and stability of
the collected samples, especially for trace analysis. Samples from sampling canisters are
most often analyzed using the instrumental technique of gas chromatography with
suitable detectors..

Bruker Daltonic offers mass detectors with gas and liquid chromatography for
targeted and untargeted analysis. The new triple quadrupole Bruker EVOQ GC-TQ SPEED
brings high sensitivity for target analysis of volatile and semi-volatile organic
contaminants. The high-resolution mass detector with time-of-flight analyzer ecTOF
facilitates the identification of unknown contaminants thanks to the simultaneous
electron (EI) and chemical ionization (CI).

0voD

Pro odbér vzorkl ovzdusi existuje mnoho prislusenstvi a zatizeni, které pokryvaji
Siroké spektrum sledovanych tékavych latek a kontaminantt ovzdusi v Sirokém rozsahu
koncentraci. Kovové kanystry s inertni povrchovou upravou (obr. 1) poskytuji vysokou
inertnost a stabilitu odebranych vzorkG piedevSim pro stopovou analyzu. Vzorky
z odbérovych kanystri se analyzuji nejcastéji ve spojeni s instrumentalni technikou
plynové chromatografie s vhodnymi detektory.

:"

/x\\ ,.
™M™

e | 5 d
v | SlleoCap
SO o W2

twils  OM0

Obr. 1: Odbérové kanystry SilcoCan (Restek)
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Spolecnost Bruker Daltonic nabizi hmotnostni detektory ve spojeni s plynovou a
kapalinovou chromatografii pro cilenou i necilenou analyzu. Novy trojndsobny kvadrupdl
Bruker EVOQ GC-TQ SPEED prinasi vysokou citlivost pro cilovou analyzu tékavych a
semitékavych organickych kontaminanti. Hmotnostni detektor s vysokym rozliSenim
s analyzdtorem doby letu ecTOF usnadni identifikaci nezndmych kontaminantt diky
soucasné elektronové (EI) a chemické ionizaci (CI).

e

eCTOF i}

Obr. 2: Bruker EVOQ GC-TQ SPEED Obr. 3: Bruker GC-HRMS ecTOF
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INTRODUCTION

Air pollution is responsible for many health effects, mainly respiratory and
cardiovascular diseases (Brunekreef and Holgate, 2002). The Children’s Sanatorium with
speleotherapy in Ostrov u Macocha in Moravian Karst focuses on the treatment of young
children suffering from respiratory tract, asthma, allergies, atopic eczema and to
strengthening the overall immunity. For several decades, the sanatorium was situated in
a small building in the middle of the village. Last year, the sanatorium moved to a new,
modern building located at the end of the village on a small hill.

The aim of the presented project is to analyse the air quality in the new location of
sanatorium with a focus on the characterisation of atmospheric aerosols in the PM2.5 size
fraction and to compare the aerosols in the old and new location.

EXPERIMENTAL SETUP

PM2.5 aerosols were sampled using a high-volume sampler (DHA-80, Digitel) for 24
hours on quartz fiber filters (diameter 150 mm, Whatman). Sampling took place during 3
weeks within winter season and 2 weeks within summer season of 2024. Black carbon
(BC) content in PM10 was analysed using an Aethalometer (model AE31, Magee
Scientific). Aerosol mass concentration was determined gravimetrically based on the
difference in weight of the filters before and after sampling. In winter, mass concentration
of PM2.5 was also measured in parallel at a time resolution of 2 hours using beta-ray
attenuation method with an on-line continuous particulate analyzer (Model PX-375).

RESULTS AND DISCUSSION

Filters with collected aerosols were analysed for organic carbon, elemental carbon,
monosaccharide anhydrides, polyaromatic hydrocarbons, hopanes and steranes, resin
acids and methoxyphenols (Kitimal et al., 2013; Mikuska et al., 2015). A detailed
results of mass concentration of aerosols and the concentrations of particulate organic
compounds and BC will be presented.
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Fig. 1: PMz2s concentration measured with 2 hours time resolution during the winter
campaign.

CONCLUSIONS

Higher aerosol concentrations during the winter campaign than during the summer
campaign indicate greater air pollution during heating period. Both local and regional
emission sources may contribute to the pollution, and the contribution of long-range
transport of aerosols cannot be neglected. The main emission sources of pollution in
winter were identified as the burning of wood and coal, mainly for domestic heating.
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INTRODUCTION

Aerosols (Particulate Matter, PM) are responsible for many negative effects on the
environment and human health, mainly respiratory and cardiovascular diseases
(Warneck, 1988). Speleotherapy uses the natural climate in the cave as a treatment
method for respiratory and other diseases (Jirka, 2001). Children’s sanatorium in Ostrov
u Macochy is situated in Moravian Karst south from Cisarska cave, used for speleotherapy.
The original sanatorium’s building in the middle of the village was replaced to a new place
on the hill nearby the Cisarska cave.

The aim of the study was to compare the outdoor air quality of the original and new
buildings of the children’s sanatorium.

EXPERIMENTAL SETUP

PM2.5 aerosol was sampled during 3 weeks in winter and 2 weeks in summer 2024.
A sequential sampler (SEQ 47/50, Leckel) was used for 24h sampling on Teflon filters (TF-
1000, 1.0 um pore size, 47 mm, Pall). High-volume samplers (30 m3/h, DHA-80 or DHA-
77, Digitel) was used for 24h sampling on quartz filters (150 mm, Whatman) and
nitrocellulose filters (3.0 um pore size, 142 mm, Merck Milipore).

Determination of ions was provided by sonication of filters (quartz, Teflon) in
deionized water (20 min) with subsequent analysis of anions by ion chromatography
(ICS-2100, Dionex), cations by triple quadrupole inductively coupled plasma mass
spectrometer (ICP-MS/MS, 8800, Agilent Technologies) and ammonium by continuous
flow analyser (Alexa, 2020).

Determination of elements was provided by decomposition of nitrocellulose filters by
UltraWave microwave mineraliser (MA 149-010, Milestone) in sub-boiling HNO3 and
subsequent analysis by ICP-MS/MS. The elements were also measured in parallel using
an X-ray fluorescence analyser (model PX-375, HORIBA) at time resolution of 2 hours.

Electrical low-pressure impactor (ELPI+, Dekati) with 14 impactor stages
(polycarbonate foils, 25 mm, Whatman) and final filter was used for real time
measurement of particle number concentration in the range from 6 nm to 10 pm.
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A condensation particle counter (CPC, Model 3007, TSI) was used for mobile
measurement of particle number concentration.

RESULTS AND CONCLUSIONS

Filters with collected aerosols were analysed for anions, cations and elements.
Measurement of particulate elements with high time resolution was performed only
during winter campaign. Mobile measurement of particle number concentration was
provided during both (winter and summer) campaigns in the village, sanatorium building
and Cisarska cave. Detailed results of aerosol components will be presented.
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Fig. 1: Concentration of ions in PM2.5 aerosol near the new (NB) and original building
(OB) of the sanatorium during February 2024
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Fig. 2: Particle number concentration of aerosol (P/cm?3) in the village Ostrov u Macochy
during February 2024
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INTRODUCTION

Polycyclic aromatic hydrocarbons (PAHs) in air are almost exclusively formed in
combustion processes. Oxygenated and nitrated PAHs (OPAHs, NPAHs, respectively) are
co-emitted with parent PAHs from fossil fuel and biomass combustion processes.
Additionally, many of the NPAHs and OPAHs are formed in photochemical and
microbiological reactions of PAHs in air and soil. As semivolatiles resist to some extent
biodegradation in soils, polycyclic aromatic compounds (PACs) i.e., PAHs and their
derivatives, can undergo re-volatilisation from soils, which may turn soils from sinks into
secondary sources and thus enhance the long-range transport potential of PACs by
multihopping (grasshopper effect). The significance of these secondary sources for PAC
abundances in ambient air is unknown and is not accounted for in emission inventories.

EXPERIMENTAL SETUP

We determined the concentrations of 15 parent, 10 OPAHs and 17 NPAHs in air gas
and particulate phases and topsoils at a rural and near-coastal northern European site
(Birkenes, 58°23'N/8°15’E, 219 m a.s.l.), and a central European rural background site
(KoSetice, 49°34'N/15°05’E, 520 m a.s.l.), representing source and receptor areas,
respectively. Following Soxhlet extraction (DCM) and clean-up, PAHs and NPAHs+OPAHs
were analysed using a 7890A GC (Agilent) coupled to a tandem MS (7000B, Agilent) and
APCI-MS/MS (Xevo TQ-S MS, Waters), respectively. In grassland (both sites), the soil A
horizon was sampled, in forest (central European site) the soil O and A horizons. The
direction of diffusive air-soil mass exchange was derived from the substances’ fugacities.
Soil fugacity was derived from both the concentrations in soil (potential fugacity fs') as
well as from air equilibrated with the soil pore space (immediate soil fugacity fs; using a
so-called soil fugacity head; Cabrerizo et al., 2010).

RESULTS AND DISCUSSION
At the central European site, a number of 2-4 ring PACs were found to volatilise from
grassland and more from forest soils in summer, and much less in wintertime. Conversely,

at the receptor site, net deposition of PACs prevails and re-volatilisation occurs only
sporadically. (Mwangi et al., 2024)
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Fig. 1: Concentrations of (a, c) PAHs and (b, d) OPAHSs in air, ca = cg + ¢p (0.01 ng m-3), and

soil, ¢s (ng g'1), in summer at the (a, b) central (CSG) and (c, d) northern (NSG) European

grassland site. Arrows indicate direction of diffusive air-soil exchange flux (based on |log
(fS’/fa)| > 0.5). Error bars reflect standard deviation or LOQ.
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CONCLUSIONS

Existing data on air-surface exchange of PACs is notably scarce, and methodological
uncertainties persist in quantifying air-soil exchange. As very little is known about the
spatial and seasonal distributions, soil burdens and net mass fluxes of PACs, an
assessment of the significance of soils to act as secondary sources of PACs to the air of
source and receptor areas is impossible. So far, PAH emission inventories neglect
secondary emissions and may be significantly underestimating, in particular in receptor
areas where long-range transports (imports) contribute more to depositions. This might
explain gaps in PAH emission inventories, indicated by field studies in various countries.
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SUMMARY

Library collections are mostly made of porous cellulose-based materials such as
papers and textiles. Fine particles (< 1 um), representing up to 90% of particulate matter
(PM) mass in libraries and archives, deposit on book surfaces and can also penetrate into
small openings, including interfiber spaces. These particles can cause degradation of
archival documents and therefore is necessary to clean them. An alternative method of
cleaning by the CO2 snow jet was tested and compared with traditional mechanical dry
cleaning techniques. Different types of papers and textiles commonly used in library
collections were treated by the jet using a developed automatic system with well-defined
operating parameters. Measurements included the influence on particle removal
efficiency and possible degradation. Results revealed that the jet was effective in
removing submicron particles, including those embedded in the fibrous surface. In
contrast, the mechanical dry cleaning methods were almost ineffective for these particles.

0voD

Knihovni fondy jsou vétSinou vyrobeny z poréznich materialG na bazi celul6zy, jako
je papir a textil. Jemné castice (< 1 pm), které predstavuji azZ 90 % hmoty pevnych ¢astic
v knihovnach a archivech, se usazuji na povrchu knih a mohou pronikat i do
mezivlakennych prostor. Tyto ¢astice mohou predstavovat riziko pro uloZené sbirky
(Hatchfield, 2002). Aby se riziko minimalizovalo, knihovni fondy by mély byt udrzovany
v Cistém prostredi a pripadné by mély byt pravidelné c¢iStény. Tradi¢ni metody suchého
Cisténi (gumy, prasky atd.) nejsou dostate¢né u€inné pri odstranovani ¢astic z poréznich
povrchi (Duhl - Nitzberg, 2021). V rdmci této studie byla testovana alternativni metoda
¢isténi pomoci dvoufazového spreje castic CO2 v nosném plynu.

METODY MERENI

Testy byly provedeny pomoci Precision Spray Cleaning Pen (SnoPen SP 2000,
Cleanlogix). Vzorky byly automaticky oSetfeny pomoci vyvinutého Cisticiho systému
s definovanymi podminkami. U¢innost byla porovnana se $esti technikami mechanického
chemického Cisténi provadénymi komercnimi materialy. Vliv oSetfeni byl testovan na
riznych typech papiru a textilu, které predstavuji materidly bézné pouZzivané v
knihovnich fondech.
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VYSLEDKY, DISKUSE, ZAVERY

Vysledky ukazaly, Ze dvoufazovy sprej byl uc¢inny pfi odstaniovani jemnych Castic z
porézniho povrchu celulézovych materialti a to i pii odstraiiovani kontaminantl z
mezivlakennych prostor (Obr. 1.). Vysledky dale ukazaly, Ze dvoufazovy sprej byl vyrazné
efektivnéjSim prostredkem pro odstranovani jemnych castic z papiru a textilu, nez
srovnavané tradi¢ni mechanické metody suchého ¢isténi.

Arw 4 s 50 um
/" .‘/' .

Obr. 1: Papir Whatman Grade 1: a) s deponovanymi ¢asticemi PM1 pred ¢iSténim a

b) po ¢isténi pomoci dvoufazového spreje
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INTRODUCTION

Since introduction in1970, PIXE plays an important role in aerosol research. I one of
the first articles about PIXE technique (Johansson, 1970) demonstrated that PIXE, when
using MeV protons and Si(Li) detector for X-ray detection, is capable of detecting many
elements at the 10-12 g level simultaneously. Authors also suggested that aerosol research
is one of the possible applications of this novel method. Since that the research of
atmospheric aerosols rapidly grows and starts to use many other methods for physical,
elemental and chemical analyses (Maenhaut, 2015). However the PIXE and other nuclear
techniques can be still quite useful, especially when combination of methods, small
samples, high sensitivity is required.

AEROSOL MEASUREMENT IN NPI REZ

At ReZ we have started with aerosol research at late eighties. The firs work was done
on 5MV Van de Graff accelerator (Havranek, 1994), where we also built the first
multipurpose chamber for simultaneous analyses by PIXE, RBS, PIGE and PESA analysis.
The combination of these methods can potentially provide information of elemental
content of trace and matrix elements in sample from almost whole periodic table of
elements, including Hydrogen analysis by PESA (in thin targets) and light element
analysis as Li, F, B, Na by PIGE. Since 2005 we have a new 3MV TANDETRON 4130 MC
electrostatic accelerator, witch further improved our possibility and flexibility of
analyses. New chamber for Now we have two experimental lines, where we can perform
aerosol analysis. New chamber for simultaneous analysis and ion micro-beam line with
the beam resolution of about 1um and lateral scan up to aprox. 1 x 1 mm for 2D elemental
mapping of samples. The micro-beam also allow as to analyze single aerosol particles
(from coarse mode, see picture 1.) or to study the micro homogeneity of aerosol deposits.
With the micro-beam we can also create (By IBW method) a membrane filters with given
pattern of small pores with possible use also in aerosol collection and size classification
(see picture 2.).
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Picture 1. Single particle analysis from stage 10 on BLPI impactor (Coarse particles)
analysed by RBS and PIXE method by ion micro-beam with 2.6MeV protons. Scan size
50x50pm.
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Picture 2. Different patters created on ion microbeam by IBW metod in thin PET foil.
Optical image (left), STIM image (ceneter and right). Multiple ion writing (left and
center], single ion writing (right).
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SUMMARY

The optimization of conditions for the sampling of biogenic volatile organic
compounds (BVOCs) in the air using a wet effluent diffusion denuder (WEDD) with
subsequent analysis of collected samples by gas chromatography coupled with mass
spectrometry (GC-MS) is the main topic of the presentation. Continuous sampling of
analytes into an absorption liquid and taking samples at the denuder outlet at a two-
minute intervals is the main advantage of the WEDD. Selecting appropriate conditions for
the highest collection efficiencies of individual BVOCs in denuder and for using the
method for sampling in ambient air with various meteorological events was the main aim
of all experiments. The following optimal conditions were selected: denuder temperature
(20 °C), airflow (500 ml/min), absorption liquid (n-heptane), absorption liquid flow (0.45
ml/min). The measured collection efficiencies of all studied BVOCs in denuder were above
89 % with these optimized conditions, except for highly volatile BVOCs. The detection
limits of the studied BVOCs for this method are lower than their concentration in the
outdoor air during the growing season. Therefore, the optimized method is suitable for
the determination of fast changes in BVOCs concentrations (except highly volatile) in the
outdoor air.

0voD

Tékavé organické slouceniny (VOCs) jsou do atmosféry uvoliiovany z antropogennich
a biogennich zdrojt. Koncentrace VOCs mohou byt stanoveny pasivnim, nebo aktivnim
vzorkovanim. Aktivni vzorkovani je zaloZené na prosavani vzorkovaného vzduchu pies
vzorkova¢ s vhodnym sorbentem nebo na kontinualnim nasavani vzduchu do
analytického pristroje a poté spocitani presné koncentrace VOCs ve vzorkovaném
vzduchu.

Nejcastéji pouzivana metoda pro aktivni vzorkovani je zaloZena na zachytu VOCs na
vhodném sorbentu v termodesorpCnich trubickach. V laboratori se VOCs z trubicek
termalné desorbuji a analyzuji pomoci plynové chromatografie spojené s hmotnostni
spektrometrii (GC-MS). Stanoveni VOCs pomoci trubicek vyZaduje termodesorpc¢ni
jednotku zapojenou pied GC-MS. Celkovy pocet vzorki ze sledované lokality je omezen
poctem predem pripravenych trubicek se sorbentem. Odbér vzorkd miize trvat i nékolik
desitek minut a nékteré méné stabilni VOCs se mohou po adsorpci na sorbentu v
trubickach degradovat vlivem neustadlého prosavani vzorkovaného vzduchu, ktery
obsahuje vzdusné oxidanty (OH, NOs radikaly, ozén atd.) (Kitimal a kol.,, 2016). Tato
metoda neni vhodna pro stanoveni rychlych zmén koncentraci VOCs v ovzdusi.

Druhou casto pouZivanou metodou je on-line analyza pomoci ,Proton Transfer
Reaction - Mass Spectrometry” (PTR-MS). Tuto metodu lze aplikovat pro stanoveni
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rychlych zmén koncentraci VOCs v ovzdusi. PTR-MS nedovoluje separaci VOCs se stejnou
m/z (napf. monoterpeny), vyzaduje Kklimatizovanou mistnost a kvili své velikosti a
nutnosti vysokého elektrického prikonu je jeho vyuZiti ve venkovnim prostredi (napfr. v
lese) omezené.

Stanoveni rychlych zmén koncentraci VOCs lze provést vyuzitim difuzniho denuderu
se stékajicim filmem kapaliny (,,wet effluent diffusion denuder”, WEDD), ktery umoznuje
odbér vzorkil v Casovych intervalech jiZ od 2 minut. Odebrané vzorky jsou poté off-line
analyzovany GC-MS. Pocet vzorkl je prakticky neomezeny. Zavisi pouze na mnoZstvi
absorpc¢ni kapaliny a poctu vialek.

METODY MERENI

Difuzni denuder se skladal ze sklenéné trubice (délka 38 cm, vnitini primér 9 mm)
se specidlné upravenou vnitini sténou. Do prostoru trubice, ktera byla ve svislé poloze,
byla do vrchni ¢asti pomoci peristaltického Cerpadla ptivadéna absorp¢ni kapalina. Na
vnitini sténé trubice dochazi k vytvoreni tenkého filmu absorpcni kapaliny, ktera stéka
vlivem gravitace do spodni ¢asti denuderu. Sou¢asné byl pomoci vzduchového cerpadla
do spodni ¢asti nasavan vzduch obohaceny o plynné BVOCs. Vzduch prochazel trubici a
BVOCs se sorbovaly do tenkého filmu absorp¢ni kapaliny. Rychlost difuze BVOCs ke
sténam denuderu je zavisla na difuznim koeficientu dané latky, ktery je zavisly na okolni
teploté. Z tohoto dlivodu je denuder béhem vzorkovani temperovan na stalou teplotu.
Difuzni denuder neméa pro BVOCs stoprocentni uc¢innost zachytu, proto byly v systému
zapojeny dva denudery v sérii. Vychazejici vzduch z prvniho denuderu byl veden do
spodni ¢asti druhého denuderu, ve kterém byly zachyceny analyty vychazejici z prvniho
denuderu (Obr. 1). Absorpcni kapalina stékala do spodni ¢asti denudert, odkud byla
odsavana dal$im peristaltickym Cerpadlem do pfedem pripravenych vialek (Handlifov3,
2022). Absorp¢ni kapalina obohacena o zachycené BVOCs byla analyzovana pomoci GC-
MS (Agilent GC7890, MS5975) na koloné DB-1MS (30 m x 250 pm x 0,25 pm).

Studované BVOCs, tj. isopren, 2-methyl-3-buten-2-ol (MBO), tricyklen, a-pinen,
kamfen, $-pinen, a-felandren, 3-karen, limonen, cis-#-ocimen, trans-$-ocimen, terpinolen,
eukalyptol, linalool, borneol, a-terpineol, bornyl acetat, f-karyofylen, a-karyofylen, byly
generovany v difuznich celdch dle normy CSN ISO 6145-8. Koncentrace BVOCs
nasavanych do denuderti byly mnohem vyssi, nez jaké jsou pritomny ve venkovnim
ovzdusi s ohledem na nékteré optimalizované parametry, pti kterych se ocekavala vysoka
ucinnost zachytu studovanych latek v prvnim denuderu. Pro vypocet uc¢innosti zachytu
musela byt koncentrace BVOCs ve vzorcich z druhého denuderu dostatecné vysoka kvtli
minimalizaci chyby ve vypoctu (Handlitova, 2022).

Koncentrace BVOCs v jednotlivych vzorcich byla vypocitana podle kalibra¢nich
krivek z analyz analytickych standardii. Ze spocitané koncentrace ve vzorku, znadmého
pritoku vzduchu denuderem a mnozstvi vzorku byla spocitana koncentrace BVOCs v
nasavaném vzduchu v ng/ms3. Ze ziskanych koncentraci BVOCs ve vzorcich z prvniho a
druhého denuderu byla podle specifické rovnice spoctena t¢innost zachytu jednotlivych
BVOCs v denuderu. Tato specificka rovnice s koeficienty byla vytvorena pro stanoveni
ucinnosti zachytt (0 - 100 %) pro fiktivnich 1000 denuderd zapojenych za sebou
(Handlirova, 2022).
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Obr. 1: Difuzni denuder se stékajicim filmem kapaliny (Kiimal a kol., 2016).
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VYSLEDKY A DISKUSE

Hlavnim zdmérem provedenych experimenttli byla optimalizace podminek pro zachyt
jednotlivych BVOCs do absorpcni kapaliny difuzniho denuderu. Stanovené ucinnosti
zachytu béhem experimenttli v laboratornich podminkach poslouzi pro budouci prepocet
zachycenych BVOCs ve venkovnim prostredi na jejich redlnou koncentraci (dopocet na
100 %). Stanovené ucinnosti zachytu by nemély byt vyrazné nizsi, aby chyba pri
(Handlirova, 2022).

Byla studovana tcinnost zachytu BVOCs v denuderu na teploté denuderu (15, 20 a
25 °C) a priitoku nasavaného vzduchu (250, 500, 750 a 1000 ml/min). U¢innosti zachytu
jednotlivych BVOCs klesaly se zvySujicim se pritokem vzduchu pro danou teplotu.
Nejvyssi rozdily byly zjiStény pro isopren a MBO. Smérodatné odchylky ucinnosti u
nizsich pritokd (250 a 500 ml/min) byly velmi nizké, zatimco u vyssich priitokt (750 a
1000 ml/min) se naopak mirné zvysSovaly. Smérodatné odchylky Gcinnosti pro isopren a
MBO byly naopak vysoké téméi u vSech provedenych experimentl. Se zvySujici se
teplotou v denuderu roste tenze par absorp¢ni kapaliny (n-heptan) a ta se rychleji
odparuje. Odparovanti je navic posileno proudicim vzduchem v denuderu. BEhem odbéru
vzorkil ve venkovnim prostredi je diilezité brat ohled i na relativni vlhkost vzduchu, ktera
je taktéz zavisla na teploté a ktera miliZe kondenzovat na vnitini sténé denuderu a tim
narusit tenky film absorpcni kapaliny. Aby nedochazelo ke kondenzaci vodni pary, jako
kompromis byla pro denuder vybrana teplota 20 °C (Handlitova, 2022).

Byla studovana dc¢innost zachytu BVOCs v denuderu na relativni vlhkosti nasavaného
vzduchu (cca 25,47 a 70 % pri teploté 26 °C). BEhem dne se ve venkovnim prostiedi méni
teplota a relativni vlhkost vzduchu. Pokud by byla zjiSténa zavislost d¢innosti zachytu na
zméndach v relativnich vlhkostech vzorkovaného vzduchu, pak by se musela ve venkovnim
prostiedi béhem odbéru vzorkd mérit i relativni vlhkost vzduchu a do pirepocti
koncentraci (dopocet na 100 %) by musel byt zahrnut i koeficient, ktery by zohlednil tyto
zmény ucinnosti. Smérodatné odchylky ucinnosti pro isopren a MBO byly opét vysoké
témér u vSech mérenych vlhkostech. U vétSiny BVOCs nebyly rozdily mérenych
koncentraci v prvnim denuderu vyrazné. AvSak u nékterych, predevsim oxidovanych
(MBO, borneol, a-terpineol), se zachycené koncentrace pro nejvyssi mérenou vlhkost
snizily aZ o témér 24 % (Handlirova, 2022).

Byla studovana u¢innost zachytu BVOCs v denuderu na pritoku (0,27 - 0,58 ml/min)
absorp¢ni kapaliny. Aby byla zajisténa perfektni sorpce a tim padem nejvyssi ticinnost
zachytu, je potreba dokonalé smoceni celé délky vnitfni stény denuderu. Diky tomu se
vytvori velka plocha absorp¢ni kapaliny, do které se BVOCs miiZou sorbovat. Z tohoto
smocena a ucinnost zachytu se nezménila. Naopak pri zbytecné vysokému pritoku bude
odebrany vzorek se zachycenymi BVOCs méné koncentrovany a tim se zhorsi limit
detekce pro celou metodu. Uéinnosti zachytu se u vétSiny studovanych latek vyrazné
neliSily. Vyjimkou jsou opét isopren a MBO, u kterych bylo problematické spocitat
ucinnosti zachytu pfi nizsich pritocich. Diivodem je ziejmé jejich vyssi tékavost. U téchto
dvou latek by bylo potieba vyssich pritokd nez 0,58 ml/min (nejvySe testovany), ¢imz by
se naopak zhorsovaly limity detekce pro ostatni studované latky. Pritok n-heptanu by mél
byt idealné v rozmezi 0,4 - 0,5 ml/min (Handlifova, 2022).

Byla studovana ucinnost zachytu BVOCs v denuderu na typu absorpcni kapaliny (n-
heptan, isopropanol). U vétSiny latek byly vypoctené koncentrace BVOCs v n-heptanu
vySSi neZ v isopropanolu. Vyjimkou byly oxidované latky, predevSim s OH skupinou
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(linalool, borneol, a-terpineol), ale také eukalyptol, terpinolen a bornyl acetat, jejichz
ucinnost zachytu je pravdépodobné vyssi pro polarni rozpoustédla. Rozdily v
koncentracich nebyly vyrazné, proto se n-heptan jevi jako vhodnéjsi absorp¢ni kapalina,
i vzhledem k analyzam na GC-MS (Handlirova, 2022).

Na vybranych obrazcich (Obr. 2 a 3) jsou uvedeny ucinnosti zachytu BVOCs v
denuderu pfri teploté 20 °C.

t=20°C, RH =55 % (26 °C) ®250 ml/min =~ =500 ml/min ~ ®750 ml/min = 1000 ml/min
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Obr. 2: Zavislost u¢innosti zachytu BVOCs v denuderu na priitoku vzduchu.
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Obr. 3: Zavislost ucinnosti zachytu BVOCs v denuderu na priitoku absorpcni kapaliny.
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ZAVER

Na zakladé dosazenych vysledkli byly jako nejvhodnéjsi parametry pro odbér
studovanych BVOCs z ovzdusi pomoci difuzniho denuderu vybrany nasledujici hodnoty:
teplota denuderu 20 °C, priitok nasdvaného vzduchu 500 ml/min, absorp¢ni kapalina n-
heptan, priitok absorp¢ni kapaliny 0,45 ml/min. Pti téchto podminkach byly naméreny
ucinnosti zachytu vsech BVOCs, s vyjimkou isoprenu a MBO, nad 89 %. Tato metoda neni
vhodna pro stanoveni isoprenu a MBO ve venkovnim ovzdusi.
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INTRODUCTION

Inhaled fibrous microparticles can pose serious health risks, which have led to
significant attention in the last decades (Khoa et al. 2022). Nevertheless, more and more
studies focus on fibrous shapes in relation to inhalable drugs (Shachar-Berman et al.
2019). Fibres, particularly the smaller ones, can penetrate deeply into the lungs and reach
the alveoli. Their elongated shape causes this. Usual inhalable spherical drugs in the size
range of 5 - 10 pm have difficulty reaching the deeper regions of the lung. Thus, the
fibrous shape may provide a solution for delivery in these regions, but the mechanics of
inhaled fibre flow are more complex compared to spherical particles. Therefore, it is
important to understand how specific parameters (e.g. breathing flowrate, dimensions of
fibres) influence the flow and deposition of fibrous aerosols in the human airways.

For a better understanding of this field, deposition experiments were performed.
While the previous measurements utilized a male airway replica, this study presents the
first use of a female airway replica. The collected data provided new insights into fibre
deposition in the female airway and will also be used for validation of CFD simulations in
order to improve the understanding of the flow of these particles.

EXPERIMENTAL SETUP

Deposition experiments under two different realistic breathing regimes were
performed: normal breathing (max. flowrate 27 Ipm) and heavy breathing (max. flowrate
180 lpm). Polydisperse fibres in the diameter range of 1 - 10 pm and length range of 5 -
100 pm were used. The mixture of glass fibres and glass spheres was separated by a
fluidized-bed-type disperser and then the dispersed fibres were inhaled into a realistic
replica of female airways. The replica spans from the oral cavity to the seventh generation
of lung bifurcation; the rest of the lung was simulated using output filters. The model was
capable of “breathing” due to an original breathing simulator, which represented specific
breathing patterns of the five lung parts: right upper lobe, right middle lobe, right lower
lobe, left upper lobe and left lower lobe.

After the exposure, the airway replica was dismantled, and samples were obtained
from each segment and output filter. Each sample was manually evaluated under a
microscope with phase contrast (Nikon Eclipse), using a 40x objective with an aperture
diaphragm Ph2. A modified method from WHO (1997) was used for evaluation.

RESULTS
One of the primary deposition mechanisms for fibrous aerosols in the human

respiratory airway is inertial impaction. The extent of inertial impaction is characterised
by the Stokes number (Stk) (see Equation (1))
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2
Stk = M, (1)
18uD,;

where p, represents the density of water, d, is the aerodynamic equivalent diameter of
the fibre, U; is the mean flow velocity in the replica segment, u is the dynamic viscosity of
air and, D; is the equivalent diameter of the segment. Figure 1 illustrates the Stk in relation
to deposition efficiency (DE), which is defined as the ratio of the number of deposited
fibres in a specific region to the number of fibres entering that region. The figure
demonstrates that with increasing Stokes number increases DE. The results indicate that
ifinhalable drugs had a fibrous shape, it would be important not only to choose the correct
dimensions but also to consider the patient’s breathing pattern.

C

0 01 2 4 6 8 10 20 30 50 75%DE
Fig. 1: Stk in relation to DE for heavy activity, A Stk to 0,1, B Stk to 1, C Stk above 1
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SUMMARY

This study explores the rime formation in the Czech Republic in recent two decades.
The input data are the measurements of rime thickness observed at the Czech
professional weather stations in 2002-2023 within the surface synoptic observations
(SYNOP) recorded in 1hour resolution. For advanced statistical modeling the generalized
additive model has been used, accounting for long-term trends, seasonality, daily course
and the North Atlantic Oscillation (NAO) index. All explanatory variables considered were
highly statistically significant. High year-to-year variability in rime formation has been
indicated at all stations. By far the highest rime thickness was recorded at the Lysa hora
situated in the Beskydy Mts.

0voD

Atmosféricka depozice je dllezitym mechanismem samocisténi ovzdusi a soucasné
piredstavuje vstup dulezitych zivin i znecist'ujicich latek do ekosystémii. Depozi¢ni toky
jednotlivych latek se odhaduji na zakladé méreni mokré a modelovani suché slozky
depozice. Depozice horizontalni spojena s hydrometeory typu mlhy a ndmrazy zpravidla
nebyva zohlednéna vzhledem ke zna¢né obtiZnosti jejiho stanoveni. Pritom je prokazano,
Ze mlha i ndmraza jsou mnohem vice mineralizované nez odpovidajici vzorky desté a
snéhu. Vyznamné vyssi koncentrace environmentalné dtlezitych latek v mlze i namraze
byly potvrzeny i v Ceské republice (CR), v minulosti - v dobé silného znecisténi ovzdusi
(Bridges et al., 2002; Fisak et al., 2009), ale i v soucasné dobé, po vyznamném zlepSeni
kvality ovzdusi (HGnova et al, 2022; 2023). Pro kvantifikaci podilu namrazy na
depozi¢nim toku urcité latky je potreba znat nejen jeji koncentraci, ale také objem vody,
ktera namrazu tvori. Odhad hydrologického podilu namrazy ovSem neni trivialni
zalezitosti a zpravidla se pouziva, jako urcita aproximace, napt. mnozstvi hodin s mlhou
v zimnim obdobi (Bridges et al., 2002) nebo urcité procento srazkového uhrnu snéhu
napi. 10 % zimnich srazek (Hindman et al., 1983). Cilem této studie je analyza ¢asovych
trendii a prostorovych zmén ve tvorbé ndmrazy v CR z dat méfenych na profesionélnich
meteorologickych stanicich Ceského hydrometeorologického tistavu (CHMU). Vysledky
by mély prispét k lepSimu pochopeni zakonitosti pri tvorbé nadmrazy na nasSem uzemi a
indikaci oblasti, kde Ize predpokladat vyznamnéjsi podil namrazy na depozicnich tocich
znecistujicich latek.
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METODY MERENI

Pro analyzu byla pouzita tloustka vrstvy namrazku mérena v 1hod Casovém rozliSeni
ze 23 profesionalnich meteorologickych stanic CHMU za obdobi 2002-2023. Pro
pokrocilé statistické modelovani byl pouZzit zobecnény aditivni model (GAM).

VYSLEDKY, DISKUSE, ZAVERY

Tloustka vrstvy namrazy se mezi stanicemi vyznamné liSila. Nejvétsi namraza byla
dosahovana na horach, nelze ale jednoznacné konstatovat, Ze namraza roste
s nadmoi'skou vySkou. Nejmasivnéjsi namraza byla pozorovdna na stanici Lysa hora
v Moravskoslezskych Beskydech. VSechny parametry uvazovné v GAM se ukazaly jako
statisticky vyznamné s tim, Ze viibec nejvyraznéjsi byl vliv ro¢niho obdobi, dale roku a

denni doby, nejslabsi pak vliv indexu severoatlantické oscilace (NAO). NejptiekvapivéjsSim
vysledkem modelovani byly vyznamné meziroc¢ni vykyvy v tloustce namrazy (Obr. 1),
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Obr. 1: Vliv roku na tloustku namrazy, statisticky model pro Lysou horu.
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SUMMARY

Determining the emission power of significant large-scale sources of atmospheric
aerosol created by anthropogenic activity consists of two steps. The first is the
determination of meteorological parameters for the concentration and size spectrum of
the aerosol spatial structure and its dynamics over the considered source. The second step
is the application of a suitable model solution of emission flows above the considered
source. The tested aerosol source was an agricultural field. Flight measurements of
number/mass concentrations and size spectra of atmospheric aerosol particles and
meteorological parameters with a model solution were carried out in order to determine
the emission strength of atmospheric aerosol sources over a large area.

UvoD

Stanoveni emisni mohutnosti vyznamnych velkoplo$nych zdroji atmosférického
aerosolu vzniklych ptisobenim antropogenni ¢innosti sestava ze dvou kroki. Prvnim je
stanoveni meteorologickych parametri pro koncentrace a velikostni spekta aerosolu
prostorové struktury a jeji dynamiky nad uvazZovanym zdrojem. Druhym krokem je
aplikace vhodného modelového teSeni emisnich tok(i nad uvaZovanym zdrojem.
Provérovanym zdrojem aerosolu bylo zemédélské pole. Byla provedena letova méreni
pocetnich/hmotnostnich koncentraci a velikostnich spekter c¢astic atmosférického
aerosolu a meteorologickych parametrii s modelovym fesenim za ucelem stanoveni
emisni mohutnosti zdrojl atmosférického aerosolu o velké plose (Hovorka et al., 2021).

METODY MERENI

Letovym prostfedkem byla dalkové rizenda vzducholod, plnéna heliem. UZitecny
vztlak vzducholodé je 1.7-15 kg, ktery se méni linearné s teplotou vzduchu -10-35 °C.
Mérici pristroje byly na vzducholodi umisténé ve dvou gondolach. V prvni chranila
Aerodynamicky spektrometr ¢astic (APS-3321, TSI, USA), ktery méfi na 52 velikostnich
kanalech s frekvenci 1 Hz castice o velikosti 0.523-10 um, metodou TOF. V druhé gondole
byl umistén Opticky spektrometr ¢astic (OPS 3330, TSI, USA) a (Nanoscan SMPS 3910,
TSI, USA), které pokryvali velikost ¢astic 10 nm-10 pm s intervalem 1 min. U obou gondol
byl vzduch nasavan kovovym vyhrivanym (50°C) inletem o délce cca 40 cm.

Gradientovou metodou byl nad zemédélskou piidou méfen povrchovy tok hmotnosti
castic PM1, PM2s a PM1o z dat APS a pocetni koncentrace - PNC z dat Nanoscan a OPS.
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SméSovaci vrstvou se rozumi ta ¢ast konvektivni hrani¢ni vrstvy, ve které prevladaji
konvektivni virivé proudy srozméry srovnatelnymi s celou tloustkou konvektivni
hrani¢ni vrstvy (CBL). Pro vyhodnoceni namérenych hodnot koncentraci byl pouZit vztah
vychazejici z prace Wyngaarda a Brosta (1984) a jejiho rozSifeni Moengem a
Wyngaardem (1984):

0oc _ Fs Fe
oz 9b T n

(1)

Ziw ziw*’

s gradientovymi funkcemi g» a gt pouZzitelnymi pro popis procesii nad rovnou
nezalesnénou zemi (pole, louky) danymi vztahy (Spirig et al., 2004):

It = 0'7 (1 - Z/Zi)_2 ) (2)
go = 0,4 (z/2)7%/2,
(3)

kde c(z) je koncentrace, Fs je turbulentni tok pasivniho skaldru na povrchu, Fe je

turbulentni tok pasivniho skalaru skrz prechodovou zénu na horni hranici CBL, z je vyska

méreni, zi je vyska hrani¢ni vrstvy atmosféry (PBL), w* je konvektivni rychlost.
Koeficienty F; a F, lze stanovit fitovanim integralni podoby vztahu (1):

zi (7F , 8Fs
C= Tow" (Z_Zi + '—zzi) + konst (4)

na naméfena data. Lze pouZit metodu nejmensich ¢tvercti implementovanou v programu
Wolfram Mathematica funkci FindFit. Namétena rozloZeni aerosolovych castic udava

Obr. 1.
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Obr. 1: Vyskovy profil velikostnich distribuci aerosolovych ¢astic pro lety dne
18.09. 2020 v 14:10 hod.(vlevo) a 12:50 hod. (vpravo) (SEC).
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VYSLEDKY, DISKUSE, ZAVERY

Pouzitelnost modelu pro vypocet emisniho toku castic je mozna pro méreni nad
zemédeélskou pldou striktné pii podminkach dobfe promichané konvektivni mezni
vrstvy (CBL) s intenzivnim turbulentnim misenim, jejiz vyskyt je typicky v teplé poloviné
roku. Lety v lokalité Béle¢ 18.9.2020 spliuji tyto podminky. Na Obr. 2 a 3 jsou uvedeny
namérené koncentrace PM1, PMzs, PM1oa PNC vjednotlivych vySkach proletv 12:50 hod.,
respektive pro let v 14:10 hod. dne 18. 9. 2020 s vyznacenim nejlepsiho fitu. V Tabulce 1
jsou uvedeny hodnoty povrchovych tokli Fs pro rizné vysky z; ziskané analyzou
vySkového profilu castic PM1, PM25, PM1o a poctu ¢astic PNC pro lety v lokalité Bélec¢ dne

18.9.2020.
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Obr. 2: Namérené koncentrace PM1, PM2s, PM1o a PNC v jednotlivych vySkach pro let dne
18.9.2020 v 12:50 hod. (SEC) s vyznacenim nejlepsiho fitu.

Tab. 1: Hodnoty povrchovych tok Fs pro rtizné vysky ziskané analyzou vyskového profilu
koncentraci ¢astic PM1, PM25, PM1o a poctu ¢astic PNC. Lokalita Béle¢, dne 18. 9. 2020.

Cas  Vyska Konc. Kone. Komnc. Pocet Emisni Emisni Emisni Emisni
letu h.v. Castic tok tok tok tok
SEC  zi PMi  PM2s PMio PNC FsPMi1  FsPMs FsPMio Fs PNC
m pgm3 pgm3 pgm3 cm3 ugm?2st!pugm2s!uygm2s!dm?s!
12:50 2178.2 0.36 1.16 10.60 7876.09 0.06 0.08 0.18 128.88
14:10 1967.2 0.48 1.42 11.83 7959.30 0.12 0.16 0.43 1076.30
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Obr. 3: Namérené koncentrace PM1, PM2s, PM1o a PNC v jednotlivych vySkach pro let dne
18.09. 2020 v 14:10 hod. (SEC) s vyznacenim nejlepsiho fitu.

Pouzity model je v souc¢asné dobé jednim z nejpokrocilejSich modeld pro zpracovani
dat ziskanych letovym méfenim. Limitaci modelu je vSak skute¢nost, Ze poskytuje
korektni feSeni emisnich tokid c¢astic striktné pii podminkadch dobie promichané
konvektivni mezni vrstvy (CBL) s intenzivnim turbulentnim misenim, jejiz vyskyt je
typicky v teplé poloviné roku. Takova podminka byla splnéna pro zemédélska pole. Pro
dilezité typy zdroji aerosolu za inverznich podminek teplotniho zvrstveni neni
v soucasné dobé vhodné modelové feseni emisnich toki ze vzducholodi.
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SUMMARY

Two-years of measurements (summer 2016 - spring 2018) of carbonaceous aerosols
at the High Arctic station Alert, Canada, showed that in addition to organic carbon (0OC)
and elemental carbon (EC), carbonate carbon (CC) was not negligibly present. The relative
abundances of CC in total carbon (TC) was 15% on average for the whole period. Based
on analysis of air mass back trajectories, we infer two possible sources of CC in the Arctic
total suspended particles (TSP). The CC content was significantly reflected in the stable
carbon isotopic composition (613C) of TC. Thus, carbonates in Arctic TSP have to be taken
into account both in isotopic studies using 13C analyses as well as when considering the
impact of carbonaceous aerosols on Arctic climate.

0voD

Kolobéh uhliku v arktické atmosfére je dlleZity pro pochopeni nahlych klimatickych
zmén v této oblasti. Aerosoly jsou jednim z faktort ovliviiujicich klima, ale jejich vliv na
néj podléha znacnym nejistotdam. Nejistoty v jejich radiacnim ptlisobeni jsou spojeny
predevSim s uhlikatymi aerosoly. V této studii predstavujeme dva roky pozorovani
uhlikatych aerosolli na arktické stanici Alert (Kanada) se zaméienim na obsah uhlic¢itani
a izotopové sloZeni 613C celkového uhliku.

METODY MEREN{

Méteni uhlikatych aerosolii bylo provedeno na dvouletém setu vzorki (N = 93, Cerven
2016 - duben 2018) celkovych suspendovanych ¢astic (TSP) odebranych v tydennich
intervalech na arktické stanici Alert, Nunavut, Kanada (82°27'N, 62°30'W, 210 m ASL).
Bylo provedeno méteni organického uhliku (OC), elementarniho uhliku (EC) a celkového
uhliku (TC = OC + EC) teplotnim protokolem Improve_A (Chow et al,, 2007). Stejné vzorky
byly dale analyzovany na stabilni izotopické sloZeni uhliku (613C) v TC pomoci EA-IRMS.
Vsechny vyse uvedené analyzy (EC, OC, TC a §13C v TC) byly poté opakovany po vystaveni
vzorki plisobeni par HCL. Z rozdilu TC a TC po oSetieni HCI (TCnuci) byl vypocten obsah CC
(CC =TC - TCua), ktery zhruba reprezentuje obsah uhli¢itanti v danych vzorcich.

VYSLEDKY
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Podil aerosolu CC (tj. uhli¢itanového uhliku) v arktickém TSP na stanici Alert neni
zanedbatelny. Relativni zastoupeni CC v TC se pohybovalo od 0 do 60 % s primérem
15 % za celé obdobi méreni. V primeéru zde bylo 25 % (rozmezi 0 az 81 %) ECa 12 %
(rozmezi 0 aZ 46 %) OC analyzovanych protokolem Improve_A identifikovano jako CC.
Vliv odstranéni CC ze vzorku se vyznamné projevil i vizotopovém sloZeni §13C TC (Obr.1).
Vliv CC na 613C se projevil zejména v 1été 2016 a 2017 a také béhem podzimu 2016 v
disledku silného lokalniho transportu arktického prachu. Naopak vliv odstraniovani CC

Na zadkladé analyz zpétnych trajektorii vzdusnych hmot jsme identifikovali dva
moZzné zdroje uhli¢itan®. Prvnim jsou erodované a resuspendované vapencové sedimenty
v severni casti Kanady. Druhym zdrojem mohou byt vapenaté schranky (kokolity)
produkované motskym fytoplanktonem a prenasené ze Severniho ledového oceanu i ze
severniho Atlantiku. Detaily budou diskutovany béhem ptrednasky.
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Obr. 1: Sez6nni variace izotopového sloZeni §13C v celkovém uhliku (TC) obsaZeném v
celkovych suspendovanych casticich (TSP) ptred a po fumigaci HCI u vzorkl odebranych
na vysoko-arktické stanici Alert v obdobi od 1éta 2016 do jara 2018.
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V PROJEKTECH FINANCOVANYCH Z NORSKYCH FONDU

Pavel CHALOUPECKY, Ondfej SVACINKA
ENVItech Bohemia s.r.o., Praha, Ceska Republika, chaloupecky@envitech-bohemia.cz

Klicova slova: Prasny aerosol, Senzoricka méreni

SUMMARY

This study focuses on the evaluation of sensor-based measurements of aerosol
particle concentrations in environmental projects funded by the Norwegian grants
realized during the years 2023 and 2024. The projects funded by the Norway Grants
focused on monitoring the concentration of dust particles in relation to the assessment of
the impact of local heating. ENVItech Bohemia s.r.o. has implemented directly or
indirectly (e.g. by subcontracting) 14 projects financed from this grant. During the
implementation of these projects, a great deal of experience has been gained from the
operation of sensor units for the measurement of dust particles. These experiences,
operational lessons and recommendations for the use of sensor units are summarised in
this paper.

0voD

Tato studie se zaméfuje na hodnoceni senzorovych méteni koncentraci aerosolovych
¢astic v environmentalnich projektech financovanych z Norskych fondi realizovanych v
letech 2023 a 2024. Projekty financované z Norskych fondl se zamérovaly na sledovani
koncentrace aerosolovych Castic v ndvanosti na hodnoceni vlivu lokalniho vytapéni.
Spolecnost ENVItech Bohemia s.r.o. realizovala pifimo nebo nepfimo (napi. formou
subdodavky) 14 projektd financovanych z vyzvy ,Svalbard - Monitoring a identifikace
instalace senzortl kvality ovzdusi za dcelem provadéni lokdlntho monitoringu. Béhem
realizace téchto projektl bylo ziskdno mnoho zkuSenosti z provozu senzorovych jednotek
pro méreni aerosolovych castic. Tyto zkuSenosti, poznatky z provozu a doporuceni pro
pouzivani senzorovych jednotek jsou shrnuty v tomto dokumentu.

ZAKLADNI INFORMACE O PROJEKTECH A METODIKA

V ramci casti A) Porizeni a instalace senzora kvality ovzdusi za iCelem provadéni
lokalntho monitoringu vyzvy Svalbard - Monitoring a identifikace mistniho znecisténi
instalace senzori kvality ovzdusi za icelem provadéni lokalniho monitoringu s diirazem
na problematiku vytapéni domacnosti (tzv. lokalnich topenist), pricemz provadéni
senzorového méreni kvality ovzdusSi muselo byt soucasné ovéreno referencnim mérenim.

Vramci implementace vysSe uvedenych 14 projekti bylo nainstalovano 296
prachomérnych optickych senzorickych jednotek a 37 meteorologickych jednotek s
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méfenim rychlosti a sméru vétru, teploty, tlaku a vlhkosti vzduchu napii¢ Ceskou
republikou.

Pro monitoring byly pouZity optické senzory vhodné pro pouziti ve venkovnim
prostredi. Pro méreni aerosolovych castic PM1io, PM25 a PM1 byly vyuzity senzorické
jednotky enviDUST méftici na optickém principu. Koncentra¢ni rozsah jednotek je 0 - 500
nug/m3 a nejistota méreni nepresahuje 35%. K méreni meteorologickych veli¢in byly
vyuzity senzorické meteostanice enviMET schopné detekovat teploty -20 °C aZ +50 °C,
relativni vlhkost, atmosféricky tlak, smér a silu vétru.

Mérici jednotky byly vétSinou nainstalovany na mistech s moznosti pripojeni na 230
Vve vysce 2 - 4 m nad zemskym povrchem, v bezpecné zo6né, kde nehrozi jejich poskozeni
lidmi ¢i jinymi vlivy, mimo pifimy dosah emisnich zdroji, ale zaroveii v lokalitach, kde 1ze
ocekavat zvySené imisni koncentrace vlivem lokalnich topenist. Pri rozmisténi ¢idel byl
zohlednén zamér kazdého jednotlivého projektu, napt. porovnani koncentrace latek v
nizSich ddolnich polohach s horsimi rozptylovymi podminkami a v 1épe provétravanych
vyss$ich polohach; porovnani lokalit s rliznym druhem vytapéni, apod.

enviME

Meteostation

S

envitech

Obr. 1: Prachomérna senzoricka jednotka enviDUST (vlevo), senzorickd meteostanice
enviMET

Po celou dobu monitoringu byla naméfend data dostupna na webovém portalu
smartENVI. smartENVI nabizi prehledné geografické zobrazeni monitorovanych lokalit,
umoziuje rozdéleni do projektd, poskytuje grafické zobrazeni detaild stanic s aktudlnimi
hodnotami, umoznuje snadné a pirehledné srovnani riznych veli¢in mezi stanicemi, nabizi
navstévnikim moznost stahovat data a vytvaret tak vlastni analyzy o stavu ovzdusi.
SmartENVI zobrazuje data jak ze senzorickych, tak vybranych referenc¢nich stanic a
umoznuje tak laické verejnosti i odbornikliim sledovat stav ovzdusi v mikroregionalnim i
celostatnim méritku.

Webova aplikace SmartENVI - https://www.smartenvi.eu/
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Obr. 2: Ukazka webového portalu smartENVI

Ve vSech méricich lokalitach probihal monitoring béhem topné sezény 2023/2024.
Instalace jednotlivych senzorovych jednotek probihaly béhem fijna aZ prosince 2023 a
méreni v ramci vétSiny projektl bylo ukonceno k 31.3.2024.

Zajisténi metrologické navaznosti bylo zajiSténo formou srovnavactho méreni (tzv.
souméreni) senzorovych jednotek s ekvivalentnimi prachoméry ENVEA MP101M a
PALAS FIDAS 200 (tj. zarizeni pravidelné metrologicky navazované na certifikované
referen¢ni materialy nebo kalibrované kalibra¢nimi laboratotfemi) v redlnych venkovnich
podminkach na zakladé kolokace (vSechna ¢idla na jednom misté). Pfed prvotni instalaci
bylo provedeno souméfeni na stanicich AIM provozovanych CHMU - Brno - Lisef,
Tésnovice a Kucharovice tak, aby bylo simulovdno méstské, venkovské i pozadové
prostiedi. Toto souméreni probihalo 40 dni v mésicich zari a rijnu. BohuZzel po celou dobu
souméieni byly velmi nizké koncentrace aerosolovych castic v ovzdusi, coZ se ukazalo
jako vyznamny faktor pro nasledujici priibéh méteni. Z tohoto souméreni byly vypocteny
pro kazdou jednotku korek¢ni koeficienty, které byly zapracovany do systému zpracovani
namérenych dat a nejistoty méteni.

Obr. 3: Souméreni senzorickych jednotek na stanici AIM TéSnovice
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Nékteré projekty umoznovaly pribézné validovani dat ze senzorovych jednotek
v navaznosti na certifikované jednotky instalované v ramci obce ¢i mésta. V ramci zbylych
projektd probéhlo dal$i souméreni s méficim vozem Envitech vybavenym prachomérem
Palas Fidas 200 béhem unora a zacatku brezna 2024. Korek¢ni koeficienty tak byly
nékolikrat béhem sledovaného obdobi aktualizovany (piredevsim po epizodach s vysSimi
koncentracemi aerosolovych Cc(astic, které se béhem uvodniho souméfeni bohuZel
nevyskytovaly).

VYSLEDKY, DISKUSE, ZAVERY

Béhem vysSe zminéného méreni byly zjiStény nékteré obecné charakteristiky senzort
na méreni aerosolovych Castic, které jsou shrnuty niZe.

Smysluplné vyuZiti senzorovych jednotek

Drtiva vétSina méreni jednotlivymi senzory vykazuje velmi podobné aZ shodné
trendy a pokud je pouzity vhodny koreké¢ni koeficient, je vyuziti senzora pro indikativni
monitoring aerosolovych Castic idedlnim nastrojem. MoZnost vybudovani husté sité
méreni v ramci jednoho mésta ¢i v ramci regionu vykazuje zajimavy potencial.
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Obr. 4: Priklad srovnani trendi namérenych senzorovymi jednotkami a zatrizenim Palas
Fidas 200 v ramci sité v RoZnové pod Radhostém

Meéreni jednotlivych frakci PM
Senzorova jednotka enviDUST vyuZivajici prachovy senzor Plantower 5003 méfi
plnohodnotné mensi frakce PM1 a predevSim PMzs, pricemz frakce PM1o a je ¢astecné
dopocitavana. Z méreni bylo zjiSténo, Ze kvalita méfeni PM2s (primeérné koeficienty
determinace R2 ze souméteni s ekvivalentnimi pristroji 0,71) je o poznani lepsi neZ kvalita
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méreni frakce PM1o (primeérné koeficienty determinace R2 ze souméreni s ekvivalentnimi
pristroji 0,62). Frakce PM1o vykazuje mnohem cetnéjsi vyskyt neredlnych hodnot (piki).

Kvalita méreni pri nizkych a vysokych koncentraci
Senzorové jednotky enviDUST vykazuji nejlepsi kvalitu namérenych dat (v porovnani
s ekvivalentnimi pristroji) pri koncentracim v rozmezi priblizné 15 - 30 pg/m3. Béhem
mérici kampané bylo zjisténo, Ze drtiva vétSina senzorovych jednotek pri velmi nizkych
koncentracich (pod 10 pg/m3) mirné podméruje a naopak pri vyssich koncentracich (nad
40 pg/m3) preméruje, a to i velmi vyrazné (v extrémnich pripadech i dvoj- az
trojnasobné).

Dlouhodobd stabilita méreni
Zivotnost jednotlivych senzort Plantower 5003 je patrné odli$na kus od kusu. Vétsina
z instalovanych jednotek vykazovala béhem celé kampané stabilni kvalitu méreni a témér
neztracela citlivost, nebo jen nepatrné. Priblizné 15% senzort Plantower 5003 bylo tfeba
béhem kampané bud vyménit za nové nebo aplikovat nové korek¢ni koeficienty diky
znatelné ztraté citlivosti. Z toho jasné vyplyva, Ze je tifeba béhem méreni pravidelné
provadét souméieni s referencnimi ¢i ekvivalentnimi piistroji.

Interference vihkosti vzduchu

Jsou lokality, kde nebyla zjiSténa zadné vyznamné ovlivnéni namérenych koncentraci
PM vlhkosti vzduchu. Naopak nékteré lokality vykazuji vyznamnou interferenci vlhkosti
vzduchu. Na Obr. 5 jsou zobrazeny 2 grafy z lokalit Lhotka a Velvary. V obou lokalitach
byly senzorové jednotky nainastalovany mimo ovlivnéni veSkerych potencialnich
naméiené hodnoty. V obou piipadech oviem namérené hodnoty PM vyrazné prevySovaly
hodnoty namérené v okolnich lokalitdch. Je velmi pravdépodobné, Ze tento jev je
zplisobeny tim, Ze v naprosté blizkosti senzoru se nachazi vodni plocha. Tento jev byl
vypozorovan i v nékterych dalSich lokalitdch v ramci jinych projektt. Je tak treba dbat na
to, aby nebyly senzorové jednotky instalované pobliZ vodnich ploch.
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Obr. 5: Ukazka vlivu instalace pobliZ vodni plochy - lokality Lhotka (vlevo) a Velvary

Typologie aerosolovych cdstic
Béhem mérici kampané byl vypozorovan vyznamny vliv typologie aerosolovych
castic na namérené koncentrace pomoci senzorovych jednotek enviDUST. Byly
identifovany lokality, ve kterych Zadna z nainstalovanych senzorovych jednotek nemérila
korektné, a to i po nékolika vymeénach senzorti Plantower.
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Na Obr. 6 je zndzornén graf pribéhu méreni PM10 z NiZnich Lhot (15 senzorovych
jednotek enviDUST) a NoSovic (AIM vzdaleny cca 1 km od Niznich Lhot) z obdobi 29.3. -
1.4.2024, kdy sena naSem uzemi vyskytla epizoda zvySenych koncentraci aerosolovych
castic nasledkem dalkového transportu saharského pisku. Z grafu je zfejmé, Ze zatimco
hodnoty namérené pomoci prachoméru Palas Fidas 200 na AIM Nosovice dosahovaly az
230 pg/m3, senzorové jednotky enviDUST namérily maximalni hodnoty okolo 30 pg/m3.
Tento jev byl detekovan na vsech senzorovych jednotkach napti¢ Ceskou republikou.

PMio

NiZni Lhoty - Tenis e Nini Lholy - Myslivei s ED-23-165 mmm—NZNi Lhoty 31 s NiZni Lhoty 57 s Nizni Lhoty 109 Nizni Lhoty 12 mess= Nizni Lhoty 101 NiZni Lhoty - Hibitov e Nizni Lhoty 26
e Nizni Lhoty 37 Nizni Lhoty 71 Nizni Lhoty 20 Nizni Lhoty 98 Nizni Lhoty 69 NoSovice

Obr. 6: Saharsky prach - méteni senzorovymi jednotkami a ekvivalentnim pristrojem
Palas Fidas 200
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INTRODUCTION
Ship diesel emissions significantly pollute marine atmospheric boundary layer
(MABL) with aerosol nanoparticles (Eyring, V., et. al., 2005). Their interception at the sea
level or seashore is determined by aerosol aging and spatial distribution within the MABL.
EXPERIMENTAL SETUP
Aerosol spatial distribution within the MABL and profiling for T/RH were determined
by an airship (Leoni et. al., 2016) and drone respectively (Tab.1.), during the cruise of the

IOW research vessel - RV at Baltic Sea in late summer (24-31.8.2024)

Tab. 1: Instrumentation at the airship/drone*

Parameter Instrument Integration time
5-320 nm mSEMS 9403 + mCPC 9404 (Brechtel) 60 s

300 -5000 nm OPS 3300 (TSI) 1-s

03 2B Technologies 2 sec

CO2, GPS, T, p IR monitor, GPS 1 sec

T* p* RH* iMet-XQ2 1 sec

RESULTS AND CONCLUSIONS

As an example (Fig. 1), on August 29: until 18:05, CMD ~50 nm and O3 ~ 88 ppb (up)
and no ship, indicate aged ship plumes at height about 75 m with inversion layer heigh -
ILH at ~90 m (down). During landing on board of the research vessel at 18:10 - 18:18
similar CMD but O3 ~ 72 ppb indicates fresh ship diesel plume from the research vessel.
In time segments of 18:20 - 18:30 and 18:50 - 19:20, flying above the ILH at 60 and 40 m
respectively (down), CMD ~ 120 nm and O3 ~ 88 ppb indicate background aerosol, though
there were three ships concurrently passing by. In contrast at 18:40 - 18:50, at fly height
~40 m, close by the ILH ~ 50 m, CMD’s ~ 50/120 nm and O3 ~ 88 ppb while there was no
ship, indicate background and aged ship plumes. Aerosol spatial distribution in the MABL
was mostly determined by T inversion during this day.
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Fig. 1: Dynamics of particle size distribution and ozone concentration (up) and of
vertical profile for potential temperature 6, RH and the airship flight height (down).
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SUMMARY

The Saharan dust episode at the end of March and beginning of April marked the most
significant Saharan dust episode in terms of its effect on air quality near ground in modern
history of air quality measurements in the Czech Republic. PM1o concentrations were very
high leading to smog situation in almost the entire country. Backward trajectory
modelling confirmed origin of the particles in Northern Africa.

UvoD

Ceska republika je zasaZena saharskym pise¢nym prachem préimérné nékolikrat za
rok. Dalkovym transportem jsou castice pisku premistovany ve vyssSich vyskach
atmosféry a vétSinou se tento jev projevuje jako zakal na obloze. Za urcitych
meteorologickych podminkek mohou castice pisku klesnout k povrchu, coZz vede
k nartistu koncentraci aerosolovych ¢astic na pozemnich stanicich imisniho monitoringu.
Na prelomu bfezna a dubna roku 2024 epizoda prechodu saharského pise¢ného prachu
pies tizemi Ceské republiky prinesla nejvyraznéjsi zhorseni kvality ovzdusi v diisledku
tohoto jevu v novodobé historii méreni kvality ovzdusi na naSem Gzemi.

METODY MEREN{

Pro tuto studii byla pouzita data ze 162 stanic Statni sité imisnfho monitoring
provozované Ceskym hydrometeorologickym tistavem. Vyhodnocovany byly koncentrace
aerosolovych castic PMio, PMz2s5, PM1 (z manudlniho i automacitkého méreni)
a meteorologické parametry (smér a rychlost vétru) v obdobi 29. 3. -2. 4. 2024 (CHMI
2024). Pavod castic byl ovéren pomoci modelu HYSPLIT (HYbrid Single-Particle
Lagrangian Integrated Trajectory (HYSPLIT_4 model) (Draxler, and Rolph, 2013). Zpétné
trajektorie byly vypocitany z meterologickych dat (Global Data Assimilation System -

GDAS) s rozliSenim 1°x1-. Klastrova analyza byla vypocitana s frekvenci 2 hodiny s po¢atkem
00:00 UTC.

VYSLEDKY

Nejvy$si priimérné koncentrace PM1o v CR byly méfeny 30.3. 2024 (priimérna
koncentrace 120 pg-m-3) a 31.3. 2024 koncentrace byly méreny (priimérna koncentrace
139 pg-m3). 1. 4. 2024 koncentrace postupné poklesly na hodnotu mirné presahujici
80 pg'm-3 a posledni den z hodnoceni byl méren vyrazny pokles koncentraci PM1o na
obvyklou uroven okolo 15 pg-m-3) (Obr. 1). Vyvoj koncentraci PM1o se v jednotlivych
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krajich mirné lisil, dle postupu vlecky saharského pisku. Napriklad v Jiho¢eském kraji byly
nejvyssi hodnoty méreny jiz 30. 3. 2024 (priimérna koncentrace 180 pug-m-3) ve Zlinském
kraji bylo dosazeno nejvyssich koncentraci PM1o az 1. 4. 2024 (priimérna koncentrace
201 pg-m=3). Klastrova analyza plvodu vzduchovych hmot potvrdila ovlivnéni
koncentraci PM1o ve sledovaném obdobi s plivodem vzduchové hmoty v severni casti
afrického kontinentu. Smogova situace z divodu vysokych koncentraci ¢astic PM1o byla
vyhla$ena ve 13 z 16 z6n, na které je v tomto sméru CR rozdélena.

160
140

29.03.2024 I 30.03.2024 I 31.03.2024 I 01.04.2024 I 02.04.2024
e PNM10 PM2,5 PM1

Obr. 1: Priimérné koncentrace ¢astic PM1o, PMz;5a PM1 na izemi Ceské republiky
v obdobi od 29. 3. do 2. 4. 2024.

Dal$i analaza pak mj. ukazala, Ze vySsi koncentrace ¢astic byly méreny v denni hodiny,
naopak niz$i v noc¢ni, coz pravédpodobné souvisi s obecné nizsi rychlosti proudéni
v no¢nich hodinach. V denni dobu se s nariistem rychlosti proudéni do CR dale nasouvala
vlecka pise¢ného prachu z jihovychodu, navic mohlo dochazet k resuspenzi vlivem
vysokych rychlosti vétru v toto obdobi. Analyza velikosti Castic ukdzala na relativné
nejvyssi nartst Castic o velikosti priblizné 4 az 5 um, tedy castic spadajicich do frakce
PM1o, ale nikoliv PM2s.
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SUMMARY

The AIRSENS project monitored air quality in small settlemnts in the South Moravian
Region and two districts of Brno, focusing on air pollution from household heating.
Outdated solid fuel boilers, especially those poorly maintained, contribute significantly to
emissions of harmful substances like PAHs, which are known carcinogens. The project
aimed to measure pollution using modern sensor technology and assess usefullness to
estimate the impact of heating systems on air quality.

Measurements were taken in six municipalities and Brno during the heating season.
Alongside sensor technology, accredited sampling of dust particles provided data on PAH
presence. Meteorological sensors also recorded wind, temperature, and humidity, helping
to refine the analysis of pollution in the local context.

A key outcome of the project was showcasing the use of affordable sensors in local air
quality monitoring. These sensors were deployed across multiple sites within each
municipality, creating a dense measurement network. In two municipalities with higher
solid fuel use and challenging terrain, PM2.5 levels likely exceeded the limit, signaling a
need for emission control measures. High PAHs levels confirmed the significant role of
small boilers in contributing to pollution. Sensor colocation emphasized the importance
of regular calibration and careful consideration especially when measuring larger aerosol
fractions.

SOUHRN

Projekt AIRSENS sledoval kvalitu ovzdusi v malych sidlech Jihomoravského kraje a
dvou brnénskych méstskych Castech se zamérenim na znecisténi ovzdusi z vytapéni
domdacnosti. Zastaralé kotle na tuha paliva, zejména ty Spatné udrZované, vyznamné
prispivaji k emisim Skodlivych latek, jako jsou polycyklické aromatické uhlovodiky, které
jsou prokazanymi karcinogeny. Cilem projektu bylo zmérit zneciSténi pomoci moderni
senzorové technologie a posoudit vyuzitelnost pro odhad vlivu vytapéni na kvalitu
ovzdusi.

Méreni probihalo v Sesti obcich a v Brné béhem topné sezony. Vedle senzorové
technologie poskytl udaje o pritomnosti PAHs akreditovany odbér vzorkl prachovych
castic. Meteorologické senzory rovnéz zaznamenavaly vitr, teplotu a vlhkost, coZ pomohlo
zpresnit analyzu zneciSténi v mistnim kontextu.
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Klicovym vysledkem projektu byla ukazka vyuziti cenové dostupnych senzort pri
mistnim monitorovani kvality ovzdusi. Tyto senzory byly rozmistény na vice mistech v
kazdé obci, ¢imz vznikla husta mérici sit. Ve dvou obcich s vyssi spotrebou tuhych paliv a
slozitéjSim terénem pravdépodobné prekroCily urovné PM2,5 limit, coZ signalizuje
potiebu opatfeni k regulaci emisi. Vysoké urovné PAHs potvrdily vyznamnou roli malych
kotldi, které prispivaji ke znecisténi. Kolokace senzort zdlraznila dileZitost pravidelné
kalibrace a peclivého zvazeni zejména pii méreni vétsich frakci aerosoli.
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INTRODUCTION

International literature includes information on the effect of particular rural emission
sources on air quality (Caseiro et al, 2009). During the cold months of the year,
anthropogenic activity leads to a considerable deterioration of air quality (Schwarz et al,,
2016). This article discusses research results on the concentration of particulate matter
(PM10) and its selected components in a compact settlement village. The primary
purpose was to compare the PM10 and selected elements levels in two areas of one
village, which differ because of the individual heating systems. The main focus is on the
cold periods of the year, during the occurrence of tropospheric inversion strengthened by
an anticyclone.

Measurements were taken in four cold seasons (December to February) experiments,
including air quality observations within the village of Kotérz Maty (Poland).

For the study of the mass concentration of particulate matter and its constituents, the
reference methods gravimetric method (GM) followed by an analysis by atomic
absorption spectrometry (AAS) were used.

Simultaneously, potential differences in air quality over the two zones were checked.
The scope and conditions of observation enabled the verification of the following
hypotheses:

1. Concentration levels of PM10 are identical regardless of the area of
investigation;

2. Concentration levels of PM10-bound elements are identical regardless of the
area of investigation.

EXPERIMENTAL SETUP

Measurements were led by four cold season (December to February, 2010 to 2014)
experiments, which included observations of air quality within the two separate zones of
the village of Kotérz Maty, Poland (50°43’'50”N; 18°02’36”E). The first zone (S1) is
characterized by rural buildings, which predominantly use obsolete individual heating
systems (coal, in a proportion of 91%). The second is a modern building zone (S2), where
the production of heat energy mainly uses gaseous fuel (73%) and electricity (18%). The
distance between S1 and S2 is 1.2 km. Table 1 presents the characteristics of individual
emitters at both sites.

Table 1. Characteristic of Individual Emitters (IE) of heating system.

Site No of IE Heating systems share [%], (number in the bracket)
With r=200m  coal Fuel wood electricity RES
from S gas

S1 94 91(85) 1(1) 6 (6) 1(1) 1(1)

2 71 2(2) 73(51) 1(1) 18 (13) 6 (4)
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In the research, the reference gravimetric method with PNS3D15 low-volume dust
meters was used. The PM separators were applied with Whatman QMA air filters with a
diameter of 47mm. The procedure for estimating the aerosol mass concentration was
conducted in accordance with guidelines of the European Standard (ES, 2014). Two
portable weather stations assessed the meteorological conditions at S1 and S2 (Davis
Vantage). At both sites, PM10 concentration was measured at 6 h intervals: 4-10, 10-16,
16-22, and 22-4 hrs. The aspiration headers were installed 2 m above ground.

TIBCO STATISTICA version 13.3 was used to prepare charts and perform statistical
analyses. The Shapiro-Wilk test result indicated that none of the recorded cases
correspond to a normal distribution of data; therefore, non-parametric tests were used to
assess differences between the concentrations as determined in two different areas
(Wilcoxon). A significance level of 0.05 was adopted.

RESULTS AND CONCLUSIONS

The average concentrations of PM10 during cold months at S1 were almost twice as
high as at S2. Statistical Wilcoxon tests confirmed these differences (p-value = 0.032 with
a test significance level of p 2 0.05). In addition, the comparison of particulate levels for
cold and warm seasons showed that the average concentration of PM10 in rural compact
settlement was around three times greater than during the summer months. These
differences indicate that anthropogenic emission origins are crucial and strongly
influence local air quality. Of course, not only local anthropogenic sources but also the
weather conditions, specific to certain periods of the year, affect the concentration levels
of PM10. During the four seasons of observation, the average temperature was around -
0.80C, and almost 50% of the days were characterized by low wind speed (< 1 km/h).
Furthermore, the mean atmospheric pressure was 1002 hPa, which was associated with
the presence of a large anticyclone from Russia. Measurements indicate that over 43% of
days of observations were characterized by the presence of significant temperature
inversion.

Figure 1 presents the average PMio concentration at S1 and S2 Considerable
differences can be observed. Insignificant statistical differences in weather conditions
between the two places of observations clearly show that for the local aerosanitary
conditions the type of individual heating systems is responsible. According to the CAFE
Directive, only 35 days per year should have an average daily concentration of PM1o above
50 Blg/m3. During only four selected months (2010-14) at S1, 42, 17, 47 and 22 days had
such a concentration. At site S2 only in 2013 was the number of days characterized by a
higher than acceptable level (36).

The permanent presence of a temperature inversion and stable state of the
atmosphere cause the inhibition of pollution propagation processes and significant local
changes, exceeding the permissible daily PM10 concentrations. The measurements show
that enhanced by an anticyclone, the three days of temperature inversion only caused a
situation in which local air emission levels did not meet the standards required to protect
human health. Figure 2 presents selected data for eight days of permanent presence of a
temperature inversion. It can be seen that the inhibition of the dispersion in the
atmosphere, for a similar temperature and size of local emission conditions, causes
noticeable enrichment of the local atmosphere by particulate matter. On the other hand,
studies proved that the appearance of the unstable state of the atmosphere and the
horizontal movement of air masses > 2.5 m/s resulted in a noticeable improvement of the
aerosanitary conditions in one day.
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Fig. 1. Average PMio concentration at S1 and S2.

The effect of various sources of emissions for the hourly changes in PMaio
concentration under the same specific weather conditions is shown in Figure 3. Explicit
differences in the concentration of PM1o at both places of designated measurement can
also be observed for a short period of observation.
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Fig. 2. Comparison of PM1o concentrations at S1 and S2 during permanent temperature
inversion event 19.01.2013 - 28. 01.2013.
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Associated with increased exploitation of emission sources related to the mean, the
maximum peaks are more than twice those for the older part of the village.
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Fig. 3. PM1o concentrations at S1 and S2 under significant temperature inversion (2°C at
the distance from 0 to 25 m.a.g.), high atmospheric pressure (1028 hPa) and low
temperature of air (-11 to -21°C).

For the elements studied, the differences in concentration were not so significant.
Relatively even mass concentrations at both measurement points were obtained only for
those whose primary source is not the combustion of energy fuels.
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Fig. 4. Selected metals involved in PM1o (S1- left, S2 - right).
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Fig. 4 shows selected elements determined in samples of aspirated dust.

The p-values for the two measurement sites are shown in Table 2 and Table 3. For
considered conditions, the concentration of solid particles was mainly determined by the
local (individual heating) sources. In summary, the hypothesis No. 1 was not upheld.
Hypothesis 2 can be considered true only for selected elements, probably due to the
significant influence of sources related to automobile transportation and ground
emissions, which are at similar levels in both locations.

Table 2. S1-S2 p-values of Wilcoxon test. Probability values; significance level & = 0.05.
p-values S1/S2

2010/11 2011/12 2012/13 2013/14

Period of observation

Daily avg. cold season 0.003 0.021 0.002 0.019

Hourly avg. cold season (during 0.029 0.042 0.018 0.037
significant temperature inversion)

Table 3. S1-S2 p-values of Wilcoxon test. Comparison of metals shares in PM1¢. Probability
values; significance level @ = 0.05.
Cd Pb Cu Zn Ni Cr Mn Fe Mo Co Mg Ca K Na

00 00 00 06 00 00 05 07 03 04 00 00 00 0.6
1 3 4 8 6 4 1 3 7 1 3 6 7 8

It can be stated that the source characteristics play a crucial role in local-rural air
quality. When considering terms and the period of observation, conducting
meteorological measurements can be considered sufficient for estimating alarm
conditions' occurrence. The results can be in the supra-local dimension, especially for
areas with similar emission characteristics and climatic-meteorological conditions. At the
local scale, the experiment results show that replacing old heating systems with new ones
that do not generate significant amounts of dust is necessary.
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SUMMARY

Two aerosol mass spetrometers, C-ToF-AMS and ToF-ACSM, were compared in our
study. The differences between those spectrometers were relatively small in total
variables (Org, SO4, NO3, NH4). However, we observed differences at the individual m/z
level that also varied in time. Reasons for time variability of these differences were not
identified.

Nevertheless, correlations of individual m/z between the instruments were usually
high enough even for higher m/z (>100) in most cases. Thus, these higher m/z are more
trustable than it is now common. Despite relatively high correlations of individual m/z,
however, using reference factors optimized for each instrument is strongly recommended
to get comparable results in PMF analysis.

UvoD

Béhem tohoto stoleti bylo vyvinuto nékolik typG aerosolovych hmotnostnich
spektrometrii. C-ToF-AMS (Compact Time of Flight Aerosol Mass Spectrometer, Drewnick
etal, 2005) a ToF-ACSM (Time of Flight Aerosol Chemical Speciation Monitor, Frohlich et
al. 2013), které patii mezi tyto pristroje, byly porovnany v nasi studii.

METODY MERENI

Mezi témito pristroji je nékolik rozdili. Oba maji hmotnostni detektor doby letu, ale
ToF-ACSM ma niZ$i hmotnostni rozliseni. Dal$im dllezitym rozdilem je, Ze v ptipadé ToF-
ACSM je nutné mérit rozdil mezi signaly pro (vzduch + aerosol) a pouze vzduch. To vede
k vysSim detekénim limitim a niz§imu hmotnostnimu rozsahu pro tento jednodussi
piistroj. Udaje z obou ptistroji se viak pouzivaji podobnym zptisobem k rozliseni riiznych
typid organického aerosolu metodou PMF. Pro ziskani srovnatelnych vysledkii je potieba
aby byl ¢asovy vyvoj kazdého m/z srovnatelny pro oba pristroje. Zde si ukdZeme, jak toto
cviceni funguje pro naSe zarizeni.

VYSLEDKY, DISKUSE, ZAVERY

Oba spektrometry bézely paralelné béhem nékolika srovnavacich kampani na NAOK
(Narodni atmosféricka observator KoSetice) od 16. zari 2019 do konce roku 2021. Kazda
kampati trvala 1-4 tydny a probihala v réiznych obdobich roku. Udaje byly korigovany CE
(collection efficiency) a hlavni sloZky vykazovaly primérenou shodu v ramci €asovych
obdobi. Nicméné, kdyZz byly uvaZovany jednotlivé m/z, byly zrejmé rozdily jak v
primérném m/z, tak v casovém vyvoji jednotlivych m/z v rdmci kampané. Rozsah téchto
rozdili byl u kazdé kampané jiny. Pfredbézné vysledky ndm vSak umoznuji vyvodit
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alespon nékteré obecné zavéry. Nepodarilo se nam identifikovat ptivod rozdilti na zakladé
doplitkovych parametri spektrometrii zaznamenanych v pristrojich. Priméry i mediany
poméri mezi jednotlivymi m/z kolisaly s rtiznou variabilitou kolem jedné az zhruba do
m/z 120; poté byl pozorovan systematicky nartst pro vys$si m/z az do m/z 200. Toto
zvySeni poméri pro vétsi m/z bylo pozorovano ve vSech kampanich.

Nicméné korela¢ni koeficienty vypocitané pro jednotlivé m/z z obou spektrometrti
byly primérené dobré ve vétSiné kampani a pro vétSinu m/z s vyjimkou jedné kampané,
kde malo korelujicich m/z bylo vice.

To naznacuje, Ze do informaci ukrytych ve vyssich m/z lze vloZit vétsi diivéru, nez je
obvyklé pii modelovani téchto dat pomoci PMF (pozitivni maticova faktorizace).

Abychom otestovali dasledky, které mohou mit rozdily v jednotlivych m/z na
vysledky PMF, aplikovali jsme tuto metodu na data z podzimu 2021. Byly pouZity dva
piistupy. V prvnim pristupu byly pouzity stejné referencni profily pro C-ToF-AMS i ToF-
ACSM (Chen et al. 2022). Pri druhém pfristupu byly pouZity referencni profily
optimalizované pro data z kazdého pristroje zvlast. Zatimco korela¢ni koeficienty mezi
profily ekvivalentnich faktort se mezi dvéma metodami vybéru referencniho profilu prilis
nelisily, situace byla velmi odlisna pro korelaci ¢asovych rad ekvivalentnich faktort nebo
dokonce relativnich podilt ekvivalentnich faktord. PouZiti stejného referenc¢niho faktoru
pro soubory dat ze dvou riiznych nastroji bylo nepouzitelné, kdyz dva faktory ze ctyr
vykazovaly dokonce negativni korelac¢ni koeficient. Souc¢asné pouziti referencnich faktori
optimalizovanych pro nastroje vedlo k rozumnym korelacim mezi ekvivalentnimi faktory.
Stejny zavér lze ucinit pro Casové rady relativniho podilu jednotlivych faktort. Proto
doporucujeme vzdy pouziti referen¢nich faktorli optimalizovanych pro kazdy pristroj
zvlast, jak i bylo navrzeno v Chen et al. (2022).
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SUMMARY

The focus of this study was to assess the influence of dispersion conditions
represented by ventilation coefficient on speciated PM1o concentrations measured every
4 h for three years (2021-2023) and their origins at the National Atmospheric
Observatory KosSetice (NAOK). The interquartile range (IQR) of dispersion normalised
PM1o tracer concentrations was lower in comparison with the IQR of non-normalised
concentrations with a significant seasonal effect of dispersion normalisation
differentiated element by element. PMF resolved five factors of PM1o for both datasets
(non-normalised and normalised) with almost identical chemical profiles. Dispersion
normalisation provided improved source apportionment results with clearer diel and
seasonal patterns primarily for secondary sulphate and residential heating, therefore the
main sources of elemental PMio.

0voD

Normalizace na disperzi pomoci ventila¢niho koeficientu je ucinny pristup
chodii (Dai a kol, 2020). Tato prace se zabyva vlivem disperzni normalizace na
dlouhodobé koncentrace prvkového sloZeni a zdroje PMio na Narodni atmosférické
observatori KoSetice (NAOK).

METODY MEREN{

Méteni prvkového slozeni PM1o (4 h; monitor kovii Xact625i; ED-XRF) a odbér vzork
PM1o (24 h odbér kazdy druhy den) pro naslednou prvkovou analyzu (ICP-MS) probihaly
na NAOK od ledna 2021 do prosince 2023. Dale byly k dispozici hmotnostni koncentrace
PM1o (1 h, MP101M, absorpce beta zareni) a meteorologicka data.

Ventila¢ni koeficient byl pocitdn pomoci modelu ALADIN (1 h) a nasledné vyuzit
k normalizaci dat prvkového sloZeni PMio. K ziskani profilii zdroji a jejich prispévku
k PM10 (nenormalizovana versus normalizovana data) byl pouzit model Positive Matrix
Factorization (EPA PMF). Pro vypocet zpétnych trajektorii byl vyuzit model HYSPLIT.
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VYSLEDKY A DISKUSE

Byla zjiSténa vysokd shoda mezi online a offline koncentracemi PMi (RZ =
0.83/0.90/0.87 vletech 2021/2022/2023). Porovnani koncentraci dostupnych prvk (V,
Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Cd, Pb) stanovenych na zdkladé online méreni a analyz
vzorkli PM1o vykazovalo zna¢né rozdily pravdépodobné z diivodu odliSného schématu
odbéru (4 h - 2:00, 6:00, 10:00, 14:00, 18:00, 22:00 versus 24 h kazdy druhy den) a
rozdilnych detekénich limit pouzitych analytickych metod (ED-XRF versus ICP-MS).

Interkvartilové rozpéti nenormalizovanych a normalizovanych koncentraci PM1o a
PM1o prvki bylo niZsi v pfipadé normalizovanych dat s vyraznym sezénnim efektem
liSicim se prvek od prvku (Obr. 1).

Metodou PMF bylo identifikovdno pét zdroji PMio: sekundarni sirany, lokalni
vytapéni (tj. spalovani uhli a biomasy), ptda/re-suspenze prachu, morsky
aerosol/posypova sdl a priamysl, a to shodné pro obé databaze stémér totoznymi
chemickymi profily, nicméné s rozdilnymi piispévky zdroji k celkovym koncentracim
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Obrazek 1: Sezonni variabilita PM1o (nenormalizované a normalizované
koncentrace).

ZAVERY

sezonnimi chody. To platilo predevSim pro sekundarni sirany a lokalni vytapéni, jez byly
hlavnimi zdroji PM1o.
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INTRODUCTION

The human health and environmental impacts of airborne particles closely correlates
with their size, which is determining their behavior in the air. Size is also a relevant factor
for their potential toxicity. Ultrafine particles (UFP) cause significant health concerns due
to their typical high number concentration and large surface area. They deposit inside the
pulmonary region, from where they can enter the bloodstream, cause inflammation and
oxidative stress associated with various diseases. This makes their emissions and
exposure critical for public health (ILAQH White paper on ambient ultrafine particle [...],
2019), therefore the evaluation of potential risks of industrial nanoparticle emissions is
an important element of the overall assessment.

A case study on potential health implications of exposure to nanomaterial during the
industrial stainless-steel metal laser cutting process is presented here. Data were
collected to analyze workers exposure during the metal cutting operation. This study was
stimulated by the Nanoparticle Emission Assessment Technique (NEAT) developed by the
NIOSH nanotechnology field research team to evaluate airborne nanomaterial
concentrations in the workplace. NIOSH recommends to use a “multi metric approach”
including such parameters as particle count, size, mass and surface area. Only the real-
time measurements provide a high level of accuracy and repeatability as UFPs
concentrations can vary temporally and spatially (M. Methner et al,, 2010, Part A & B).

EXPERIMENTAL SETUP

During standard metal laser cutting operations, the particle emissions were
measured using two portable size spectrometers: an optical particle sizer (OPS 3330, TSI
Incorporated, Shoreview, MN, USA) and a nanoparticle size spectrometer (NanoScan
SMPS 3910, TSI). The instruments were positioned above the laser cutting machine, and
operated at a consistent sampling rate of one minute. A reference background
measurement of the (PSD) and particle number concentration (PNC) were taken before
the experiment. Subsequently, the focus shifted to capture the particle emissions over a
continuous 36 min stainless steel metal cutting operation. The combined capabilities of
both spectrometers allowed us to measure across 26 size bins, and get comprehensive
PSD information from 10 nm to 10 um in diameter during this industrial process.
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RESULTS AND CONCLUSIONS

The results show elevated PNC in the whole production area. Overall the background
PNC was around 110 000 #/cm3, hardly any of the measurements showed concentrations
below 100 000 #/cm3. Even though, there are no official limits for UFPs in industrial
environments, one can consider this concentration level as potential health risk. WHO
Global Air Quality Guidelines, 2021, refer in their good practice statements the potential
health risk is associated with exposure to PNC as high as 10 000 #/cm?® in 24-hour average
or 20 000 #/cm? in 1-hour average.

During the continuous operation of laser cutting the stainless-steel metal plate the
overall PNC of particles in the breathing zone exceeded 106 #/cm3 and even reach the
value of 4x10° #/cm3 at the beginning of the operation (see Fig. 1).
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Fig. 1: Total PNC of the emissions from 10-300 nm size fraction emitted during one hour
of the laser cutting operation.

Almost all of the measured particle emissions in the size range from 10 nm to 10 pm
were below 250 nm with dominant peaks at 65 and 100 nm. These two modes were
observed during the overall measurement time with the intervals corresponding to the
activity when laser cuts the metal plate (see Fig 2) Particles in the nanometer range are
more biologically active due to their greater surface area per mass (Gurr et al., 2005), we
can only assume there is a related potential health risk of the exposed workers.

To conclude the measurements taken during the standard daily operation in the metal
laser cutting operation demonstrated high PNC of nanoparticles emitted during the
industrial process. Since the particle emission intervals are clearly associated with cutting
operation, suitable abatement measures shall be considered. A study in the similar facility
with laser cutting process showed PNCs below 5000 #/cm3. However, for better
understanding, more studies including chemical analysis need to be carried out.
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Fig. 2: Contour plot showing the number concentration and size over the time of particle
emissions released during one hour the laser metal cutting operation.
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INTRODUCTION

Hopanes, a class of pentacyclic triterpenes, are organic contaminants of the
atmosphere emitted from anthropogenic activities. Similar to other organics, hopanes
have the capacity to partition between the gas and particulate phases. Due to their low
volatility, they generally tend to be found sorbed to aerosols, which increases their
persistence in the atmosphere (Turlington et al, 2010). However, depending on the
temperature range and species, they can also be photochemically degraded, mainly by
chemical reactions with OH radicals and ozone (Robinson et al., 2006). Moreover, these
compounds are widely recognized and used as molecular markers for fossil fuel
combustion (Oros et al.,, 2000; Schauer et al, 2002). Hopanes are components of all
internal combustion engine oil lubricants; and serve as unique markers of traffic-related
air pollution. Their presence in the atmosphere can also indicate emissions from coal
combustion. These two sources give distinct chemical hopane profiles (Irei et al., 2017).

Although hopanes have been studied in urban aerosols (Wong, et al., 2021), to the
best of our knowledge, no time-series data from rural sites were reported. In this study,
we monitored 10 targeted hopanes from 2018 to 2022 at a central European background
site, KoSetice, Czech Republic. Trends and seasonal variations were examined, as well as
sources’ contribution to air pollution.

EXPERIMENTAL SETUP

Weekly (168 h) air samples were collected biweekly at the National Atmospheric
Observatory KoSetice (NAOK), a regional background site in the Czech Republic, from
January 2018 to December 2022 using a high-volume air sampler (Digitel DH-77)
equipped with a PM1o inlet. Sampling volumes averaged 5324 + 310 m?>. Particulate matter
was collected on quartz microfibre filters (QMA), while the gas phase was captured in
downstream polyurethane foam (PUF) plugs. A total of 129 samples were analyzed for 10
targeted hopanes. Air samples were spiked with an internal standard, Soxhlet-extracted
in dichloromethane, cleaned, and analyzed on a GC-MS (Agilent, USA).

RESULTS AND DISCUSSION
Out of 10 targeted hopanes, five were detected in gaseous samples (four of them in
more than one sample), and six of them were detected in 40 % of particulate matter

samples. Four hopanes were not detected in any out of 129 collected samples. The most
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dominant hopane in the gas phase was 17a(H)-22,29,30-trisnorhopane (60 % gaseous
samples), while 17a(H),218(H)-22R-homohopane was present in 92 % of particulate-
matter samples. Total air concentrations (gas + particulate matter) of hopanes ranged
from 0.10 pg m3 to 0.41 ng m3. Distinct seasonal variations of total atmospheric hopane
concentrations were observed, higher in wintertime than in summertime, likely due to
the combination of the seasonalities of vehicular emissions and/or coal combustion from
household heating. Additional factors contributing to higher values in winter could have
been the lowering of mixing layer height, enhanced gas-to-particle partitioning of
semivolatiles, and photochemistry (Robinson et al., 2006, Wong et al., 2021).
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Fig. 1: Seasonal variation of total (gaseous + particulate) atmospheric hopane

concentrations at the central European background site KoSetice.
Winter = DJF; Spring = MAM; Summer = JJA; Fall = SON; December 2017 and 2022 are not included.
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SUMMARY

According to previous studies, it can be assumed that there is a connection between
local dispersion conditions, atmospheric boundary layer (ABL) height, meteorological
parameters and changes in the mercury concentration gradient.

The Atmospheric station Kresin u Pacova, which is part of the National Atmospheric
Observatory KoSetice (NAOK) located in the central part of the Czech Republic, ensures
measurements of total gaseous mercury (TGM) at two height levels as a long term
continuous observation at the background conditions. Two Tekran 2537X instruments
are located at 4 and 240 meters above ground (inlets).

The station provides a wide range of measurements that allows to look a deeper into
the relationship between different pollutants and various parameters. One of these
parameters that can significantly affect the vertical distribution of pollutants is the change
in ABL height during the day.

To determine the relationship between ABL height and the change in the vertical
gradient of mercury concentration in this study, two periods - two months in winter
(January and February) and two months in summer (June and July) 2023 - were
compared. For each of these periods, the difference between two levels of TGM
measurements was calculated and compared with ABL height development during the
day and other meteorological parameters.

It was found that a distinguished diurnal variation of the differences between
individual TGM measurement levels appears in summer, while in winter the difference
remains almost constant, which corresponds to ABL development during this periods.

0voD

Rtut a jeji slouCeniny patfi mezi toxické latky, které se do prostredi se dostavaji
primarné ve formé emisi do atmosféry. Nejcastéji méreny parametr, celkova plynna rtut’
(total gaseous mercury - TGM), sestava z vice nez 90 % z Hg?, plynné elementarni rtuti,
ktera je malo reaktivni a mize se tak v atmosfére sitit na velké vzdalenosti (Zhou, 2020).
Porovnani s vyvojem vysky mezni vrstvy atmosféry (Atmospheric boundary layer - ABL)
na stejné lokalité mize poskytnout odpovédi na otazky ohlené ptivodu pritomné rtuti.
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Mezni vrstva atmosféry je nejnizsi cast zemské atmosféry primo ovlivnéna kontaktem
se zemskym povrchem, typicky o tloustce 0,5 - 2 km, v ramci niZ se odehrava prenos tepla
a emisi zneciStujicich latek v casovém rozliSeni od minut po hodiny.

Béhem (slune¢ného) dne je pro ABL typicky takovy vyvoj, kdy po vychodu slunce se
od prohratého povrchu zacne formovat sméSovaci vrstva (Mixing layer - ML) s
turbulentnim proudénim vzduchu. Po zapadu slunce miseni v atmosfére ustava a v
blizkosti povrchu se vytvori stabilni no¢ni vrstva (Stable nocturnal layer - SNL). V ramci
SNL se koncentrace znecistujicich latek mize zvysit nebo sniZit ve srovnani s vrstvou nad
ni, ktera je poziistatkem ML tzv. zbytkova vrstva (Residual layer RL), a to v zavislosti na
pritomnosti znecistujicich zdrojl v dané oblasti (Stull, 1988; Helbig, 2021).

Cilem této studie je urcit, jak vySka mezni vrstvy atmosféry a rychlost a smér vétru
ovlivituji zménu koncentra¢niho gradientu plynné rtuti.

METODY MERENI

K méreni TGM byly pouzity dva analyzatory Tekran 2537X, umisténé ve dvou
vySkovych trovnich stozaru Atmosférické stanice KieSin na Narodni atmosférické
observatori v KoSeticich (NAOK, 49°35'N, 15°05'E). Jeden se nachazi v technologickém
kontejneru na zemi, vzorkujici ve 4 m nad povrchem, a druhy v kontejneru na vrcholu
stozaru, vzorkujici ve 240 m.

Vyska ABL byla urcena pomoci Ceilometru CL51 (Vaisala), pristroje zaloZeného na
technologii lidart (Light Detection And Ranging), pomoci softwaru Vaisala BL-View a
nasledném zpracovani zaloZeném na metodé publikované vramci Lotteraner and
Piringer (2016).

Rychlost a smér vétru byly naméreny pomoci cidel Gill WindObserver 65 taktéz
umisténych na stozaru.

V ramci této prace byla srovnana dvé ¢asova obdobi roku 2023, dva mésice v zimé
(leden a inor) a dva mésice v 1été (Cerven a Cervenec).

VYSLEDKY, DISKUSE, ZAVERY

Pro kazdé obdobi byl vypocten median denniho chodu rozdilu koncentraci TGM (Hg
240 m - Hg 4 m) a porovnan s vyvojem vysky ABL béhem dne ze stejnych obdobi (Obr. 1).
Koncentrace z obou vySek byly také porovnavany zvlast, mimo jiné i s dalSimi parametry,
jako je rychlost a smér vétru. Z vysledkl vyplyva, Ze béhem zimnich mésici ziistava rozdil
koncentraci TGM stabilnéjsi, avSak stale sleduje zmény ve vySce ABL (a). V 1été vySka ABL
dosahuje vyssich Urovni (aZ 2000 m), zména rozdilu koncentraci TGM je také znatelnéjsi
a béhem dennich hodin se bliZi mnohem vyraznéji nule, coZ naznacCuje vyznamné
vertikdlni michani (b). V zimnim obdobi vyssi primérné koncentrace TGM ve vySce 240
m (1.55 ng.m-3) oproti koncentracim namérenym u paty stozaru pak znaci pavod rtuti
v dalkovém transportu.
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Obr. 1: Medianovy denni chod rozdilu koncentraci TGM (Hg 240 m - Hg 4 m) a vysky
mezni vrstvy atmosféry (ABL) v zimnich mésicich (leden a tinor 2023) (a) a v letnich
mésicich (Cervenec a srpen 2023) (b).
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SUMMARY

The level of air quality constantly resonates in society. Extreme air pollution affects
the environment and residents of residential areas more and more, especially in the
winter months, when the combination of air pollution sources and secondary factors
exceed the limit values of harmful substances intended to protect the health of people and
animals. The task of research in this area is primarily to clarify the existing air quality
conditions and their changes. One possibility is the introduction of sensor networks for
air quality monitoring as a tool of the Smart city concept. The concept of Smart cities, as
defined by the European Parliament, represents a comprehensive approach to the
functioning of the urban region, which affects various social areas such as culture,
infrastructure, environment, energy, social services and others. In each of these areas, it
pursues multiple goals that are interconnected and together create a system based on the
principles of sustainable development. As part of the REMoT project, a pilot project of a
sensor network for monitoring air pollution by road traffic in the city of Zilina will be
implemented. In the pilot project, it will be possible to actively process the data of road
transport emission load measurements and traffic volume into an active transport model.
The potential of knowing the benefits of reducing the emission load of the environment
by road transport will be a valuable input for environmentally acceptable decision-
making in the field of mobility management.

UvoD

Sektor dopravy vyznamne negativne ovplyviiuje Zivotné prostredie a l'udské zdravie.
Doprava zodpoveda za $tvrtinu emisii sklenikovych plynov v EU a spdsobuje znec¢istenie
ovzdusia, hluk a fragmentaciu biotopov [EEA, 2020]. PresnejSie povedané: doprava je
jediny velky hospodarsky sektor v Eurépe, v ktorom sa od roku 1990 zvysil objem
sklenikovych plynov a ktory sa najviac podiela na tvorbe emisii oxidov dusika
poSkodzujucich zdravie a Zivotné prostredie [EEA, 2022; EEA, 2022 - 2]. Dve
najdoleZitejsie latky, ktorymi cestna doprava znecistuje ovzdusie, su oxid dusicity (NO2)
a jemné tuhé castice (PMzs). Jemna frakcia PMgzs tvori 40 - 80 % hmotnostnej
koncentracie PM1o v okolitom ovzdusi v Eurépe [Jandack et al., 2023; OECD, 2020]. Zatial
¢o vyfukové emisie z vozidiel od roku 1990 klesaju vd'aka technologickym zdokonaleniam
vozidiel, ako su napriklad Casticové filtre, zvySuju sa nevyfukové emisie tuhych Castic
vznikajucich opotrebovanim bfzd, pneumatik, povrchu vozovky, karosérie, sticasti cestnej
komunikacie. Nevyfukové zdroje tvoria v sucasnosti vel’ku Cast celkovych emisii tuhych
Castic z vozidiel - pribliZzne polovicu castic PM1o a tretinu tuhych castic PMzs [OECD,
2020].
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Vo vedeckej literature panuje zhoda v tom, Ze nevyfukové emisie su coraz
dolezitejSim zdrojom PM z cestnej dopravy a dlhodobé vystavenie PM méZe mat
vyznamné nepriaznivé uc€inky na l'udské zdravie [Jandacka and Durcanska, 2021;
Khomenko, 2021; OECD, 2020; OECD, 2014]. Preto musi byt ruka v ruke s mobilitou
rieSené aj znecistovanie Zivotného prostredia.

V sucasnosti je povedomie o dopadoch vyuZivania cestnej dopravy na kvalitu
ovzdusia spolo¢nost'ou vel'mi filtrované. Zakladnom musi byt informacia o stave kvality
ovzdusSia. V ramci mestského uzemia bude vytvoreny prototyp aktivnej senzorickej siete,
kde budu ziskavané a hodnotené Uidaje o znecisteni ovzduSia (znecistujuce latky PMio,
PM25), meteorologické parametre a intenzita dopravy. Vytvoreny systém senzorickej
siete bude sluzit tiez ako kalibrac¢ny vstup do modelu cestnej dopravy v rieSenom uzemi.

METODIKA MERANIA
Sucastou rieSenia projektu REMoT je aj pilotny projekt senzorickej siete (Obr. 1) na

monitorovanie znecCistenia ovzdus$ia cestnou dopravou v meste Zilina a spracovanie
emisnej zataze v dopravnom modeli.
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Obr. 1: Rozmiestnenie smart senzorov v meste Zilina (projekt REMoT a projekt
Mesta Zilina)

Pilotny projekt, ktorého prva cast je uz v prevadzke, je zamerany na poloZenie
zakladu environmentalneho rozhodovania v procese vol'by mobility. Zamerom je vytvorit
komplexnd senzoricku siet' zdruZujicu informéacie ziskané IoT zariadeniami: udaje o
kvalite ovzdusSia, meteorologické parametre, hlukové emisie zo smart senzorov (SM) a
udaje zo zariadeni na sCitanie cestnej dopravy. Tieto idaje budu vhodne vizualizované a
vyuzivané pre kalibraciu modelu cestnej dopravy a stanovenie emisnej zataze od
mobility.

Mesto Zilina taktieZ vybudovalo siet senzorickych stanic, ktoré zlu¢uji merania
kvality ovzdusSia, hluku, intenzity osvetlenia a meteorologickych parametrov. Jednotlivé
senzorické stanice si umiestnené na dsmych miestach v ramci mesta Zilina. Do
budidcnosti planujeme prepojenie vSetkych smart stanic a prezentaciu vysledkov na
spoloc¢nej platforme. Koncentracie znecistujlicich latok (PM1o a PM2s) si merané
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nizkonakladovymi senzormi pouZitymi v ramci senzorickej siete a porvnavané s
referencnou gravimetrickou metédou.

VYSLEDKY MERAN{

Navrhovana senzoricka siet s vystupnymi atributmi (emisie znecCistujucich latok,
prasnost PMzsa PM1o a intenzita dopravy) je vyuZivana pre sledovanie redlneho stavu a
zmien kvality ovzduSia vzh'adom na zmenu dopravnych pomerov v sledovanom uzemi.

Merania koncentracii PM10 a PM2;5 uskuto¢iiované Smart senzormi SM su priebezne
sledované a porovnavané s meraniami uskuto¢tiovanymi Zilinskou univerzitou v Ziline
pomocou mobilnej monitorovacej stanice kvality ovzdusia (MMSKO). Smart senzory boli
navrhnuté pre potreby projektu vyvojarmi firmy IS Industry Solutions Zilina. Prebieha
tiez porovnanie vysledkov SM senzorov s meraniami realizovanymi Slovenskym
hydrometeorologickym tstavom (SHMU). Namerané data st vizualizované pomocou
platformy Grafana - ,open source“ analytické a monitorovacie rieSenie pre kazdu
databazu.

Taktiez prebiehaju podrobné porovnavacie merania PM1o a PMz2,5 pouzivaného Smart
senzoru (optickd metéda merania PM) s referen¢nou gravimetrickou metédou (Obr. 3).

Monitorovanie kvality
ovzdusia
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Obr. 3: Porovnavacie merania smart senzorov SM na meracom s
mesta Zilina
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Bolo porovnavanych 5 smart senzorov pouZivanych v rdmci projektu REMoT.
Vyhodnotenych bolo 56 koncentracii PM1o0 a PM2;5 pre kazdy smart senzor. Merania boli
uskutocnované pocas letného obdobia 25. 5. - 24. 7. 2023. Namerané koncentracie smart
senzormi vykazuju niZSie koncentracie ako gravimetrickd metéda. Trend priebehu
koncentracii meranymi smart senzormi a gravimterickou metédou je podobny (Obr. 4, 5).

Pre porovnanie nameranych koncentracii pomocou SM a gravimetrickou metédou
bolo pouzité Kkritériu z-skére. Z-skdre testuje, ¢i je rozdiel medzi laboratériami
(metédami) nameranou hodnotou a vztaznou hodnotou v medziach urceného kritéria a
je pocitané podla vztahu:

Podl'a uvedeného kritéria boli hodnotené 24-hodinové koncentracie PM z merani
Smart senzorom a gravimetrickou metodou.
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Obr. 4: Namerané koncentracie PM1o po€as porovnavacich merani smart senzorov SM s
gravimetrickou metédou
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Obr. 5: Namerané koncentracie PM25 pocas porovnavacich merani smart senzorov SM s
gravimetrickou metodou

V pripade vyhodnotenia uvedenych 56 merani je vysledok z-skére pre priemernu
hodnotu PMio priemerni hodnotu PM2s nevyhovujuci pre kazdy smart senzor. Tieto
vysledky poukazujui na skutocnost, Ze koncentracie merané smart senzormi su nizke a
nereprezentuju realne hodnoty koncentracii vyskytujice sa vo vonkajSom ovzdusi.
Pomocou linearnej regresnej analyzy boli definované regresné funkcie pre kazdy
porovnavany smart senzor z nameranych hodnét gravimetrickou metédou a smart
senzormi a boli pomocou nich prepocitané koncentracie namerané smart senzormi.
Nasledne boli hodnoty z-skére jednotlivych merani vyhovujtce.

Merania kvality ovzdu$ia realizované senzorickou sietou v meste Zilina boli
hodnotené za rok 2023. Vo vSeobecnosti moZeme pozorovat na vSetkych sledovanych
lokalitdich ro¢nd c¢asovd varidciu znecistujdcich latok suvisiacu predovsetkym s
vonkajSou teplotou. Prejavuje sa to hlavne pri znecistujucich latkach PM1o, PMz2s, NO2 a

vy

CO, pri ktorych pozorujeme vysSie koncentracie pri niZsich teplotach pocas roka.
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Z pozorovania casového priebehu nameranych koncentracii jednotlivych
znecistujucich latok mozno konsStatovat, Ze pocas zimnych mesiacov (vykurovacia
sezona) v roku 2023 bola kvalita ovzduSia horSia ako pocas letného obdobia. ZhorSena
kvalita ovzduSia sa prejavila predovSetkym z pohl'adu koncentracii tuhych castic PM1o a
PMz;5. Prave v obdobi pocas vykurovacej sezdny boli zaznamenané vel'mi nizke teploty
ovzdusia, o vyrazne ovplyviiuje aktudlny stav znecistenia ovzdusia (sekundarna tvorba
tuhych castic, pritomnost vacsieho poctu zdrojov znecistenia ovzdusia ako napriklad
lokalne vykurovanie) (Obr. 6).
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Obr. 6: Casova variacia znecistujucich latok a teploty na lokalite Zilinsk4 Lehota

Z analyzovanych nameranych udajov o kvalite ovzduSia, tj. koncentraciach
znecCistujucich latok, vyplynulo, Ze najmarkantnejsimi znecistujucimi latkami z pohl'adu
pocetnosti zhor$enej tirovne kvality ovzdusia v meste Zilina za rok 2023 st tuhé ¢astice
PM10 a PM2,5. Tieto znecistujtce latky st vyrazne problematické z hl'adiska Skodlivosti
na l'udské zdravie a Zivotné prostredie. Predurcuje ich k tomu predovsSetkym ich chemické
zloZenie, ktoré zahfna vel'’ku Skalu chemickych prvkov a zlucenin.

ZAVERY

Kvalita ovzdusia je pretrvavajicim problémom, predovSetkym v mestach. Preto je
vhodné o tomto probléme vediet viac, tzn. aké znecistujuce latky su tie kritické, aké
vysoké su koncentracie znecist'ujucich latok, do akej miery mézu byt Skodlivé pre Cloveka,
aké zdroje znecistenia ovzduSia sd potenciondlnymi povodcami Skodlivych latok.
Nasledne na zaklade bliZSieho poznania stavu a pévodu znecistenia ovzdusSia, moéZeme
stanovit opatrenia na zlepSenie kvality ovzduSia.

Mesto Zilina v sti¢innosti s realizovanymi projektami (tiez projekt REMoT) disponuje
senzorickou sietou pozostavajicu zo smart stanic, ktoré zluCuju merania kvality ovzdusia,
hluku, intenzity osvetlenia a meteorologickych parametrov, intenzity dopravy.
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Prezentované vysledky su tieZ sucastou prac na prebiehajiucom projekte ,Vyskum
mobility a emisnych atributov dopravného procesu”, ktory riesia pracovnici Katedry
cestného a environmentalneho inZinierstva Stavebnej fakulty Zilinskej univerzity v Ziline.
Projekt prebieha od roku 2022, bude ukonceny v roku 2025.

Projekt IoT senzorickej siete monitorovania znecistenia ovzdusia cestnou dopravou
vmeste Zilina bude sliZit pre stanovenie emisnej zataZe mobilitou. V nadvaznosti na
dopravny model bude spracovany emisny model mesta Zilina s aktivnym kalibraénym
nastrojom zo senzorickej siete monitorovania ovzdusSia.

Vyuzitie informacii o zmenach environmentalnej zataZe spoOsobenej cestnou
dopravou je Ziaduce v rozhodovacich procesoch samospravy a verejnej spravy. Na kazdej
urovni je nutné vytvorit moznost volby pre environmentalne prijatelni mobilitu
predovsetkym v dobe, kedy rezonuju nezvratitel'né klimatické zmeny v spoloc¢nosti.
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mobility a emisnych atributov dopravného procesu“ podporeného Agentirou na podporu
vyskumu a vyvoja.

LITERATURA

EEA Decarbonising road transport - the role of vehicles, fuels and transport demand.
2022.1-92 5. ISBN 9789294804730.

EEA - 2 Transport and Environment Report 2022 (TERM2022) Digitalisation in the
mobility system: challenges and opportunities [No 07/2022]. 2022. 214 s. ISBN
9789294805195.

EUROPEAN ENVIRONMENT AGENCY (EEA) Air quality in Europe - 2020 report. 2020. 162
s. ISBN 978-92-9480-292-7.

JANDACKA, D. et al. Characterization of Road Dust, PMx and Aerosol in a Shopping-
Recreational Urban Area: Physicochemical Properties, Concentration, Distribution
and Sources Estimation. Sustainability, Vol. 15, Page 12674. 2023.

JANDACKA, D. - DURCANSKA, D. Seasonal Variation, Chemical Composition, and PMF-
Derived Sources Identification of Traffic-Related PM1, PM25, and PM2.5-10 in the Air
Quality Management Region of Zilina, Slovakia. International Journal of
Environmental Research and Public Health. 2021. Vol. 18, no. 19, s. 10191.

KHOMENKQO, S. et al. Premature mortality due to air pollution in European cities: a health
impact assessment. The Lancet Planetary Health. 2021.Vol. 5, no. 3,s. e121-e134.

OECD Non-exhaust Particulate Emissions from Road Transport [online]. OECD, 2020.
ISBN 9789264452442.

OECD The Cost of Air Pollution [online]. OECD, 2014. ISBN 9789264210424.

132



BRAKE WEAR NANOPARTICLE PRODUCTION FROM PASSENGER CARS STRONGLY
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INTRODUCTION

The use of automobile friction brakes generates both coarse particles generated by
mechanical processes and nanoparticles resulting from high temperature processes at or
near the friction surfaces (Grigoratos and Martini, 2015; Kukustchova et al., 2011). The
production of nanoparticles has been reported to be relatively low below a certain brake
disc temperature and, beyond this temperature, to increasing exponentially with
temperature (Zum Hagen et al,, 2019).

In this work, the effects of braking conditions - speed, deceleration rate, brake rotor
temperatures — on nanoparticle production were investigated here, aiming to provide
practical guidance for reducing emissions through driving style and traffic management.

EXPERIMENTAL

Typical front brake pads and a rotor from a common passenger car, mounted on a
brake dynamometer, were subjected to three runs of the WLTP brake cycle, as well as to
those parts of standardized brake performance tests believed to be reasonably realistic
for common driving. Particle size distributions in the dynamometer exhaust duct were
measured by a mobility classifier (Engine Exhaust Particle Sizer, TSI, 5.6-560 nm) and by
a cascade electrostatic impactor (ELPI, Dekati, 6 nm - 10 um).

RESULTS

Size distributions from instruments, shown in Fig. 1, show a dominant peak at 10 nm
commensurate to the severity of braking and a non-linear increase of the total particle
number at higher braking powers and higher total energy dissipated. The harshest
deceleration, from 175 to 100 km/h at 5.28 m.s2, resulted in EEPS and ELPI readings of
3.5 x 1013 and 2.9 x 1013 particles per stop, 3 orders of magnitude more than the the
average emissions of the same pads over the WLTP cycle, 3.3 x 1010 particles/km.

While previous studies have correlated higher PN production with higher average
brake rotor temperature, a more complex relationship between nanoparticle emissions
and a combination of initial rotor temperature, total energy dissipated and braking power
has been observed here, and is discussed in (Vojtisek-Lom et al., 2021).
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Fig. 1: Particles per stop at different initial and final speeds and deceleration rates.
DISCUSSION

From a driver behavior and regulatory perspective, it appears limiting harsh braking
and braking from high speeds, possibly through improved driving practices, road design
and traffic management, may potentially reduce brake wear nanoparticles. From the
measurement perspective, it appears that “off-cycle” braking, even if relatively infrequent,
may be associated with exponentially higher emissions and non-negligible share of the
total emissions, and therefore should not be neglected.
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INTRODUCTION

The region of Silesia in the southern Poland experiences prolonged episodes of poor
air quality conditions that can adversely affect health of the local pollution (e.g. Rogula-
Koztowska 2013). The atmospheric aerosols observed in this region were shown to have
significant sources that are both local and associated with advection (Szkop and
Pietruczuk 2019). To improve the monitoring of air pollution in the region the Silesian
town of Racibdrz has been chosen for the location of the new ACTRIS candidate National
Facility station that supports both aerosol in-situ and remote sensing measurement
techniques. While the primary instruments are operated continuously, additional
observations on both ground based and airborne platforms, are carried out during short-
term measurement campaigns. The synergy between all the operated instruments allows
for deeper understanding of the aerosol structure and characteristics, especially its
vertical variability near the surface, and correspondence between microphysical and
optical parameters.

EXPERIMENTAL SETUP

The aerosol in-situ observatory in Raciborz has been designed to be fully compliant
with the requirements of the European ACTRIS research infrastructure. The facility is
currently undergoing labelling process by ACTRIS to become an official National Facility.
Being the member of this European infrastructure means that The Raciborz Observatory
will meet the highest standards for the instrumentation, calibration, and data quality
control. Most of the primary in-situ instruments (i.e. APS3321 aerodynamic size
spectrometer, SMPS8032 mobility size spectrometer, AE33 aethalometer, AURORA4000
polar nephelometer, and CIMEL sun-sky photometer) are already fully operational. These
are supplemented by remote sensing CIMEL sun-sky photometer, and a laser ceilometer.

An SMPS (scanning mobility particle sizer) calculates particles’ Stokes radius by
measuring the speed at which ionized aerosol particles drift in a constant electric field.
The instrument is comprised of three main components: an impactor that cuts-off large
aerosols, a differential mobility analyzer (DMA) that classifies particles’ mobility by
discretely modifying the electric field, and a condensation particle counter (CPC) that uses
supersaturated working fluid vapors to condense and grow particulates allowing for their
optical detection. Our TSI Model 3082 SMPS provides aerosol size distribution in the 10-
800 nm range.

An APS (aerodynamic particle sizer) uses a laser-based, dual optical axis, detection
method to measure individual particle’s time-of-flight under aerodynamic acceleration in
a laminar flow as well as light scattering intensity. The TSI Model 3321 APS can obtain
particle size distribution in the 0.5-20 pm range with a resolution of 52 channels.
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The Magee AE33 Aethalometer is an advanced instrument for real-time measurement
of black carbon (BC) concentrations in the atmosphere, using a dual-spot technique to
correct for filter loading errors. It measures BC at multiple wavelengths, allowing for
source attribution (e.g., fossil fuel vs. biomass burning). Widely used in air quality
monitoring, climate research, and health impact studies, the AE33 provides accurate,
high-resolution data crucial for understanding BC'’s role in pollution, public health, and
climate change.

A nephelometer measures aerosol optical parameters by emitting a beam of light
(often at more than one wavelength) that becomes scattered on both molecules and
particles. The scattered light is then measured and a light detector set to one side of the
source beam. The Aurora 4000 measures intensity at three wavelengths within up to 18
user selectable angular sectors, using varied backscatter shutter positioning thus
providing information on wavelength dependent phase function for scattering.

The CIMEL sun-sky photometer is a precision instrument used to measure aerosol
optical properties in the atmosphere. It operates by capturing sunlight at various
wavelengths, tracking both direct sunlight and scattered light in the sky to determine
aerosol optical depth (AOD), particle size distribution, and refractive index. Widely used
in networks like AERONET, it provides crucial data for climate research, air quality
studies, and satellite validation, helping to understand aerosols' role in climate forcing
and atmospheric processes.

The Lufft CHM 15k "Nimbus" Ceilometer is a low-cost LIDAR instrument designed for
continuous atmospheric monitoring. It measures cloud height, aerosol layer detection,
and vertical visibility by emitting a laser beam and analyzing the backscattered light. With
a range of up to 15 km, it can monitor multiple cloud layers and aerosol distribution,
providing valuable data for weather forecasting, air quality monitoring, and climate
studies. Its robust design allows for reliable operation in various weather conditions,
making it ideal for long-term atmospheric observations.

Additional instruments, operated during campaigns, include optical particle counters
and sizers (OPS3330, OPC N3, and SPS30), a COBALD portable photometer.

RESULTS AND CONCLUSIONS

The analysis of data originating from widely varying instruments is a complex process
that often necessitates a number of assumptions and approximations. On the other hand,
a more complete image of aerosol characteristics can be obtained allowing for better
understanding of their composition as well as temporal evolution. Below we present some
selected examples of data analysis approaches employer at the Raciborz station together
with some of the obtained results.

The process of combining Stokes aerosol size distribution measured by the SMPS with
aerodynamic size distribution obtained from the APS requires the assumtion of aerosol
density and assymetry factor. In Figure 1 we present daily time series of reconstructed
aerodynamic volume size distributions where a sucessful glueing is shown on the left plot
while the example of a miemach resulting from improper assumptions is given on the
right plot.
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Fig. 1. Examples of wide-range aerosol size distribution reconstracted based on APS and
SMPS data. Top: a successful merge. Bottom: Example of improper assumption of
aerosol density.

A field campaign was carried out in order to compare the PMx measuremets optained
from three different optical in-situ instruments (OPS3330, OPC N3, and SPS30). All
instruments were installed in a purpose built weather resistant container equiped with
sampling heads designed and machinded in-house. These measurements were compared
with PMx estimations based on the aforementioned wide-range volume size distributions.
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Fig. 2. A comparison between PM1 time series obtained based on three optical particle
detectors, compared with the APS+SMPS spectrometer tandem.
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The results (Figure 2) indicate that while the obtained values are strongly dependent
on individual calibrations of the instruments, the temporal variability remains in good
agreement between the instruments.

The specialized software has been developed in our department for automatic
segmentation of UAV flight profiles based on altitude/pressure time series. This allows
for rapid and replicable identification of individual flight states, including ascents,
descents, and hoovers. This data can be readily combined with measurements made by
onboard instruments to produce profiles and calculate uncertainties of the measured
quantities. This allows, among others, for NRT data analysis in the field, between
individual flights, which in turn allows for better monitoring of the performance of the
instruments during the campaign. An example of such an analysis for a pressure vector
and OPC N3 data is presented in Figure 3.
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Fig 3. Example of UAV flight analysis. Left: Flight segmentation based on pressure.
Hoovers are automatically identified enabling NRT data analysis. Right: PMx values
measured with OPC N3 particle counter for individual ~90 second long hoovers with
uncertainties estimated based on standard deviation.
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SUMMARY

Electrostatic precipitators (ESPs) have proven effective in reducing particulate
matter (PM) emissions, but their potential for simultaneous NOx reduction remains
underexplored. This study addresses this gap and investigates the use of ESP to reduce
both PM and NOx in combustion gases from a small-scale 15-kW wood pellet boiler. The
ESP was operates with both positive and negative polarities without chemical additives.
Its performance was evaluated at different specific input energies (SIE), measuring NOx
and particle number concentrations,. The ESP reduced particle content to ambient air
levels, with the highest efficiency for particles between 20-200 nm. NOx emissions were
reduced by up to 78%, from 178 mg/m? to 39 mg/m?3, at SIE of 36 ]/L (positive corona)
and 48 J/L (negative corona). This study highlights the potential of ESPs as compact,
energy-efficient solutions for simultaneously controlling PM and NOx in small-scale
combustion systems.

UvoD

Malé spalovaci jednotky (s tepelnym vykonem méné nez 500 kW) produkuji
nebezpecné znecistujici latky, které vyznamneé ovliviiuji zivotni prostiedi a zptisobuji vice
nez 3 miliony predc¢asnych umrti ro¢né - coz prekonava pocet obéti valek a kriminality
pred rokem 2015 (Wang et al., 2016). NejvyznamnéjSimi emisemi jsou Castice (PM) a NOx,
proto se tato prace zameéiuje na né.

Zprisnéni legislativnich limiti na atmosférické emise malych spalovacich jednotek, a
vyZaduje zlepSeni stavajicich metod Cisténi spalin.

Problém emisi z priimyslového spalovani je vétSinou reSen sériové aplikovanymi
technologiemi pro individualni kontrolu PM, jako je elektrostatické odlucovani, a systémy
odstranéni NOx, napriklad selektivni katalytické redukce.

Elektrostatické odlucovace (ESP) pouZivaji elektrické pole k nabijeni a odstrafiovani
Castic. Vysoké napéti blizkosti vybojové elektrody zpiisobuje generace elektroni a iontt
které predstavuji korénovy proud, jehoz velikost je u vyboje se zapornou polaritou
netepelnou plazmu (NTP), ktera iniciuje disociaci a ionizaci molekul plynu které mohou
vést k chemickym procestim v plynném mediu. Castice ptichazeji do tohoto prostiedi a
ziskavaji ndboj kolizi s ionty a radikaly molekul. Pfitomnost ¢astic proto snizuje kapacitu
pro chemické premény v plynech. To je obzvlasté patrné u primyslovych ESP kvtili
znacnému obsahu velkych castic, snadno adsorbujicich elektricky naboj. Naopak spaliny
z malych kotlli obsahuji nizké koncentrace prevazné ultrajemnych castic, které se nabfji
mnohém téZce. Plynové znecistujici latky tak mohou byt chemicky zpracovany a
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preménény z plynné faze na aerosoly, které 1ze nasledné vysrazet spolecné s ptivodnim
poletavym popelem. ESP tak miiZe bez pouziti chemickych ¢inidel soucasné odstranovat
PM a NOx, pri¢emZ nabizi dostatecné vysokou a nakladové efektivni u¢innost.

Potencial korénového vyboje pro odstranéni NOx byl uveden jiz diive: Wang, et al.
(Wang et al,, 2013) zaznamenali 60% odstranéni NOx, zatimco Wu et al. (Wu et al., 2005)
uvedli 70% snizeni NOx. Presto zilstavd vyznamna vyzkumnd mezera v oblasti
kombinovaného odstraniovani téchto znecistujicich latek ze zdroji malého spalovani.

Novinkou této studie je vyplnéni této mezery prostrednictvim pouZiti ESP pro
soucasné snizeni emisi ¢astic (PM) a oxidi dusiku (NOx) ze systémi malého spalovani.
Studie zkouma mechanismy podilejici se na odlouceni ¢astic riznych velikosti a konverzni
procesy spojené s NOx v kontextu emisi z malych spalovacich systémii.

METODY MERENT{

Experimentalni sestava zarizeni je znazornéno na Obr. 1.
NOx

Lo .
-
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Obr. 1: Experimentalni sestava zarizeni

Pro kontrolu PM a NOx z 15-kW kotle byl navrZen specialni elektrostaticky odluc¢ovac
s voStinovymi elektrodami tvorenymi 20 Sestithelniky s délkou strany 25 mm. SrSici
elektrody byly z nerezového dratu o priméru 0,35 mm umistény. Elektrody mély aktivni
délku 1000 mm. Celkova usazovaci plocha navrzeného ESP byla pfes 3 m?% ESP byl
provozovan s negativni a pozitivni polaritou. Napajeni ESP zajiStoval vysokonapétovy
zdroj XP Glassman, model PS/030R040-22, schopny dodat maximalni vystupni napéti 30
kV a proud 40 mA. Méreni byla provadéna, kdyZ byl ESP napajen v péti reZimech s
hodnotami proudu 1, 5, 10, 20, 30 a 40 mA.

Vsechny testy byly provadény pfti stabilnim provozu kotle s ustalenou koncentraci CO
a teplotou spalin a byly opakovany pétkrat s vypnutym/zapnutym ESP. Misto odbéru
vzorki pro detekci plynnych sloucenin, teploty a koncentrace suspendovanych ¢astic bylo
umisténo za navrZzenym ESP v rovné ¢asti potrubi [12]. VSechny vzorky byly izokinické a
byly odebrany primo ze stredu potrubi. VSechny mérené hodnoty koncentrace byly
normalizovany na objemovou jednotku suchého plynu pri 101,325 kPa, 0 °C a
referencnim 02 na 10 %.

SloZeni koutovych plynt bylo detekovdano pomoci NDIR detektoru a teplota
kourovych plynt byla mérena termoparem (typ K).
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Obsah castic v kourovych plynech byl hodnocen z hlediska hmotnostnich (PM) a
pocetnich (PN) koncentraci. PM byl méfen gravimetricky pomoci 30-minutového
vzorkovani, pricemz byla udrZovana izokinicka tolerance 20 %. PN byl definovan pomoci
elektrického odlucovace nizkého tlaku Dekati® (ELPI),

Vzorky byly prizplisobeny provoznim moznostem ELPI systémem tedéni Dekati®
FPS-4000. se v nasledném zarizeni. Vzorky byly redény okolnim vzduchem, a poté
filtrovany pomoci HEPA filtru na koncentrace pod 2000 #/cm?. Redici pomér byl nastaven
na 1:80 a ovéren porovnanim koncentraci CO2 v kourovych plynech a ve vzorku.

Udaje o koncentraci ¢astic jsou prezentovany jako celkova koncentrace poctu &astic
(PN) a frakéni koncentrace jako dN/dlog(Dp).

ucinnost ESP byla vyhodnocena nasledovné:

[NOxX]EsP on
Minox) = (1~ fyamEiren ) x100% ()
Specificka spotieba energie (SIE) [J/L], nebo Beckerliv parametr, byla vyhodnocena

takto:
IxU

SIE === (2)

Kde U je napéti [kV], I je elektricky proud v ESP [mA] a V je pritok spalin [L/s].
VYSLEDKY, DISKUSE, ZAVERY
Informace o parametrech zkousek jsou uvedeny v Tabulce 1.

Tab. 2: Informace o parametrech zkousek

Parametr Jednotka Zaporna/Kladna Polarita
Teplota spalin °C 130
Pritok spalin L/s 10
Vihkost spalin vol % 10.3
Obsah kysliku vol % 12
NOx* mg/m3 178
PM * mg/m3 48
PN* #/cm3 1.5x107
Proud v ESP mA 1 5 10 20 30 40
Napéti v ESP kV 7/85 85/9 9/10 10/11 11/12 12/-
SIE J/L 0.7/0.8 4.2/4.5 9/10 20/22 33/36 48/-

* v suchych spalinach (0 °C, 101.3 kPa); pri 02 = 10 % vol.

Obrazek 3 ukazuje zmény v koncentraci PN a NOx béhem provozu ESP v zavislosti na
SIE pro pozitivni a negativni korénovy vyboj.

Palivo bylo ddvkovano do kotle v pravidelnych intervalech, coz zajiStovalo spalovani
kazdé davky béhem ti{ riiznych fazi spalovani. Prochazeni témito tfemi riznymi fazemi
spalovani vykazovalo zmény ve sloZeni spalin a kolisani koncentraci ¢astic a NOx. VaZené
primérné koncentrace znecistujicich latek jsou prezentovany v obrazku 3 na pozadi
vykyvi zpisobenych riiznymi faizemi spalovani.
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Utinnost odstratiovani NOx Ize pozorovat jako sublinearni funkci SIE pro negativni
koréonu v rozmezi od 5 % do 77 % a pro pozitivni korénu v rozmezi od 5 % do 76 %.
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Obr. 2: Zmény koncentraci NOx a PN od SIE

Koronovy vyboj v ESP vytvari netepelnou plazmu v tenké oblasti v tésné blizkosti
vybojovych elektrod. Energetické elektrony v plazmé naraZeji na molekuly plynu, coz
vede k jich disociaci, a tim generuji aktivni castice, jako jsou atomovy kyslik (0),
hydroxylové radikaly (OH) a ozon (03), které hraji klicové role v odstraniovani NOx. Hlavni
mechanismus pro odstranovani NOx v ESP zahrnuje oxidaci NO na vys$si oxidy dusiku - na
NO2, NO3 a N20s, které vytvareji vypary kyselin HNO3 a HNOz.
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Vybojové prostredi stimuluje vznik ionty-indukované nukleaci, ktera prevadi plynové
zneciSt'ujici latky na kapalné aerosoly (HNOx)a(H20)w. Timto aerosoly, v rozsahu velikosti
nékolika nanometr(i, mohou byt vytvoreny pii koncentracich daleko pod 100% bodem
nasyceni jednotlivych slozek. Vzniklé kyselinové-vodni ¢astice podléhaji dalSimu rlistu a
nabijeni. Nové vytvorené cCastice jsou nasledné srazeny ve studovaném ESP spolu s
pocateCnimi ¢asticemi popela.

ESP prokazal pomérné vysokou ucinnost odstranéni pro obé polarity koronarniho
vyboje: minimalni reZim energizace ESP 0,7/0,85 J/L zajistil odstranéni 97/95 %
celkového poctu castic pro zapornou/kladnou koronu. DalSi zvySeni dodavky energie
studovaného elektrostatického odlucovace vedlo ke zvysSeni odlouceni az na 99,95/99,8
% celkové ucinnosti pro zapornou/kladnou koronu. Celkova koncentrace PN byla béhem
provoznich rezimd s napétim 12 kV sniZena na p¥iblizné 18x10% #/cm?3. Tato hodnota je
srovnatelna s koncentraci ¢astic v ambientnim vzduchu, ktera se béhem experimentalni
kampané pohybovala od 14x10% do 21x103 #/cm?.

Koncentrace PM s vypnutym ESP byla 48 mg/Nm?. Ale uZ pfi minimalnim reZimu
energizace ESP, 0,7/0,85 ] /L, odbéry vzorki neposkytly vysledky dostate¢né pro presnou
evaluaci uc¢innosti: navazka po kazdém z péti odbéra vzorki byla srovnatelna s chybou
mériciho zarizeni. Zdvojnasobeni doby odbéru vzorkii mélo podobné za nasledek. V
dtsledku toho byly hodnoty PM povazovany za statisticky nevyznamné, koncentrace PM
v Cistych spalinach byly ptijaty na urovni 0 mg/Nm? a nebudou déle diskutovany.
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Obr. 3: Zmény velikostni distribuce ¢astic pri aktivaci ESP s negativni (A) a pozitivni (B)
korénou.

Obrazek 3 ilustruje zmény v rozloZeni velikosti ¢astic v zavislosti na energizace ESP
pro negativni a pozitivni vyboje, spolu s detek¢nim limitem ELPI (Marjamaki et al., 2000),
ktery je zobrazen jako modra teCkovana ¢ara. PocateCni rozloZeni velikosti ¢astic, mérené
bez provozniho rezimu ESP vypnuto, bylo typické pro malé spalovani a vykazovalo
unimodalni rozloZeni s vrcholem priblizné 1,5 x 1077 #/cm? pfi priiméru ¢astic 70 nm.

Pti srovnani obou typi koron vykazala negativni korona mirné vyssi ucinnost pro
castice kolem 70 nm, dosahujic pribliZzné 99,9 % odstranitelnych ¢astic pti 48 J /L, zatimco
pozitivni korona dosahla 98,7 % pri 36 J/L. Nicméné, pro castice mensi nezZ 20 nm,
negativni korona vedla k ptiblizné 20 % vyS$im koncentracim noveé vzniklych ¢astic pri
nizsich arovnich SIE.

Pri negativni korony bylo odstranéni nejucinnéjsi pro castice v rozmezi 20-200 nm.
P¥i malé SIE o 0,7 J/L se koncentrace 70-nm &astic sniZila o0 98 % na 3x1075 #/cm?.
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Soucasné se vytvoril novy vrchol ptiblizné na 20 nm s koncentraci 1 x 1076 #/cm?>. P¥i 48
J/L se koncentrace v$ech velikosti ¢astic sniZily na 1 x 1074 #/cm? nebo méné.

Pozitivni korona vykazovala podobné trendy, ale s mirné nizsi ucinnosti. Pri 0,85 J/L
byla koncentrace 70 nm &astic sniZena 0 96,7 % na 5 x 10”5 #/cm?, zatimco se objevil
novy vrchol na 20 nm s koncentraci 8 x 1075 #/cm?. P¥i 36 J/L byly vSechny velikosti
¢astic snizeny na priblizné 2 x 1074 #/cm® nebo méné.

Tyto pozorovani lze pricist vznikajici pti koronovém vyboje generaci iontti, ktera
kromé& nabfjeni ¢astic také vede k nukleaci sekundarnich aerosold. Castice v reZimu
nukleace, s priiméry mensimi nez 20 nm, maji omezenou schopnost ziskat ndboj kvtili své
malé velikosti. To vysvétluje o 20 % vyssi koncentraci pod-20 nm ¢astic pozorovanych pfri
nizsich urovnich SIE. Pfesto byla ucinnost sekundarnich aerosoli pozorovana jako
pomérné vysoka, 86 % /92 %, pro pozitivni/negativni polaritu i pfi nizkém energizovani
studovaného ESP. To by mohlo byt plisobeno elektrohydrodynamickou turbulenci, stejné
jako koagulaci, které jsou pro tak jemné ¢astice pomérné dilezitymi.

Vyvinuty ESP je efektivnim pro odstraniovani PM a NOx a nabizi slibné reSeni pro
zlepsSeni kvality vzduchu v riiznych prostredich, od obytnych oblasti po malé spalovani.

Budouci sméry vyzkumu by se mély zamérit na prodlouZené testy odolnosti za
ucelem posouzeni vykonu systému v priibéhu casu a p¥i rliznych provoznich podminkach.
Také by mély byt provedeny komplexni studie zamérené na sloZeni a potencialni vyuZiti
nebo bezpecné likvidace zachycenych znecist'ujicich latek.
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INTRODUCTION

The eastern part of the Czech Republic called Moravia is known for significant spatial
variation of meteorological conditions and air pollution levels. This abstract summarises
the main results of two source apportionment studies carried out in this area in 2021
(northeastern part of Moravia) and 2023 (central and southern part) in terms of spatial
trends, pollution transport and general causes of air pollution.

Based on long-term monitoring of meteorological conditions and air quality, there are
well-defined preferential corridors of air pollution transport across Moravia due to
orography and different causes of air pollution in the north and south of the area.

While the Silesian region in the north is affected by coal mining, heavy industry and
coal-burning residential heating systems, south Moravia and neighbouring Austria and
Slovakia have relatively higher emissions from transport and agriculture.

Based on the two studies mentioned above, the PMF model was used to quantify the
main components and sources of PM aerosol, and to quantify its transport through the
dominant pollutant transport corridors.

METHODS

The source apportionment study in the northeastern part included seven sites, two of
which (TVER and TSTD) were located in the Moravian Gate, a major pollution transport
corridor within Moravia. The other five sites were located in the Ostrava agglomeration
to provide sufficient detail for source apportionment near the largest metallurgical plant
in the Czech Republic. The 2023 study was based on three sites: the TOPR site,
representing an urban background area where the main transport corridor splits into two
southern branches, the ZSTM site, representing an urban background in the Morava River
valley, and the rural BCVR site, located in the flat part of South Moravia, outside the
aforementioned corridors.
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Fig. 1: Research area with source apportionment sites and preferential corridors of air
pollution transport (grey arrows).

Similar source apportionment monitoring methods were used for both studies. The
difference was in the sampling regime. The 2021 study was based on 24-hour sampling
followed by 48-hour rest period throughout the year, whereas the 2023 study was based
on 12-hour sampling with 24-hour rest period during five summer and five winter months
(from November 2022 to March 2023 and from May 2023 to September 2023). The PM1o
and PMzs fractions were sampled in 2021 and 2023 study, respectively. Sampling was
conducted using automatic SEQ samplers with a controlled flow of 2.3 m3-h-l. The
laboratory methods were identical. The PTFE filters were used for gravimetric, elemental,
anhydrosaccharide, cation and anion analyses, while quartz fibre filters were used for
organic carbon (OC), elemental carbon (EC) and PAHs analyses. Anhydrosaccharides and
ions were determined by HPAE chromatography, OC and EC concentrations by thermo-
optical transmission, elements by ED-XRF and PAHs by gas chromatography.

Positive Matrix Factorization (PMF) was used to attribute PM pollution to its sources.
Approximately 120 samples per monitoring site were used for the 2021 study and 200
samples per monitoring site for the 2023 study. The meteorological data were then
processed to verify that the solutions were meaningful and to achieve more detailed
information on the origin of the pollution.
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RESULTS AND DISCUSSION

The 2021 study identified eight PMF factors:
e Two residential heating factors: coal combustion and biomass burning
e Crustal factor
e Salt
e Two industrial factors: energy and steel production
e Two secondary aerosol factors: winter type and year-round type

The study carried out in 2023 identified twelve factors:

e Three residential heating factors: coal, softwood and hardwood

e Three types of secondary inorganic aerosols: ammonium nitrate, ammonium
sulfate and ammonium chloride

e Secondary organic aerosol (SOA)

e Two mineral dust factors: local soil and construction works particles and long-
range soil transport

e Two long-range transport factors: aged salt and degraded primary
carbonaceous particles

e Primary traffic particles

The following text is limited to the results of the two studies mentioned above, which
are important for understanding the regional causes of air pollution. It concerns primary
emissions from residential heating and the main components of secondary aerosols.

In North Moravia, represented by the TVER site, the ratios of total Polish-to-Czech
and Czech-to-Polish PM pollution fluxes were similar for all PMF factors. This suggests
a similarity of all source types and their activity in both the Polish and Czech parts of
Silesia, including the Ostrava agglomeration.

In contrast, at the TSTD site representing the Moravian Gate, the factor contributions
from different wind sectors varied significantly. Transport from the Ostrava
agglomeration and Poland was strongly dominated by residential coal combustion and
industrial emissions. For transports from southern directions, the contribution of
biomass combustion was several times higher than that of coal combustion. These
findings are consistent with the long-known higher pollution levels of PM and PAHs in the
northern part of Moravia and reflect the different fuels used for residential heating.

Throughout Moravia, primary aerosol concentrations generally increased from south
to north. The identified types of secondary aerosols (SA) showed a clear opposite trend in
North Moravia, with ammonium sulfate continuing this trend further from Central to
South Moravia.

The main source of total primary aerosol concentrations was residential heating. Its
contribution to PMzs concentrations was significant in both relative and absolute terms.
Contributions increased from southwest to northeast in the Moravian Gate and showed
almost no variation from Central Moravia to the southern border of the country. From
north to south across Moravia, the contributions of coal and biomass burning to PM
concentrations changed reciprocally. Both the 2021 and 2023 studies show a decrease in
coal combustion pollution from north to south and an increase in biomass burning in the
same direction.

A specific situation was discovered in Ostrava agglomeration, where traffic and
industry significantly contributed to the year-round SA type. This was likely due to
a temporally stable vigorous sulfate formation induced by industrial emissions and the
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contribution of SOA, probably driven by traffic during summer. Interestingly, the relative
concentration of the winter-type SA was lower in Ostrava due to the higher relative
proportion of industrial primary emissions in this area. For the same reason, also the
relative contribution of residential heating was also lower in the city Ostrava and its
surroundings.

Both studies show different air pollution problems in the northern and southern parts
of Moravia. This is primarily due to two factors: a different mix of pollution sources and
regional pollution transport.

The flat region of South Moravia is more affected by traffic emissions, particularly
from the city Brno (approximately 20 km north of the BCVR site). There are also other
significant hotspots of traffic emissions nearbyin the vicinity, namely the agglomerations
of Bratislava and Vienna (the capitals of Slovakia and Austria, at a distance of 80 and 100
kilometers, respectively). Traffic emissions were likely the main source of SOA in South
Moravia. The contribution of SOA was the highest of all identified factors here (26% of the
PM2;5 mass) and from all monitoring sites. To our knowledge, South Moravia is the only
region in the Czech Republic where the contribution of SOA was found to be higher than
that of residential heating. Due to the extraordinary importance of SOA in this region,
detailed results related to this factor are presented below.

The seasonal variation of the SOA contribution and its dependence on solar radiation
indicates a predominantly photochemical origin. The highest SOA concentrations were
identified from three back-trajectory clusters: from the Brno agglomeration (from
northwest to northeast), from Central and North Moravia (from northeast to east), and
from Slovakia (from east to south quadrant). High SOA concentrations from Slovakia and
Central Moravia occurred only when the planetary boundary layer (PBL) was high. In
contrast, SOA from Brno and western directions was transported under various PBL
values (Fig. 2).
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Fig. 2: SOA at BCVR site: concentrations grouped by wind sectors and seasons (left) and
relations among SOA, PBL and solar radiation time (right).

No relationships were found between SOA and wind speed from any direction, and

the ventilation coefficient correlated only during SOA transport from the northeast
(Central and North Moravia, and possibly Poland). This information suggests regional SOA
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transport from Slovakia or more distant parts of the Pannonian Basin, during which local
thermal inversions at low altitudes do not significantly affect pollution transport. In
contrast, emissions and their secondary products originating from nearby areas can often
be trapped under inversion layers, and their concentrations thus do not rely significantly
on the PBL value. This was likely the case for the SOA transported from the north,
specifically from the Brno agglomeration.

Air pollution transport from other regions also played a significant role in the
concentrations of secondary inorganic aerosols. Ammonium sulfate concentrations were
highest with northeastern wind directions in Central Moravia (Fig. 3), indicating
transport from the highly polluted transboundary region of North Moravia and the Polish
part of Silesia, driven by industrial and residential coal burning. The contribution of this
source area generally decreased from the north to the south to the extent that transport
from Slovakia and southeastern Europe prevailed in South Moravia. For the two main
transport directions mentioned above, concentrations of ammonium sulfate were
approximately twice as high in winter as in summer. In contrast, the concentrations of
sulfate were much lower during wind flow from Western European countries and there
was no seasonal difference. This indicates sulfate formation from coal burning emissions
in the Central and Eastern Europe in winter, which does not occur during pollution
transport from Western Europe due to a different mix of residential heating fuels.
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Fig. 3: Concentrations of ammonium sulfate.

Ammonium nitrate was exclusively a winter-type secondary aerosol (Fig. 4). Its
concentrations generally increased from north to south, showing the opposite trend
compared to sulfates. In South Moravia, it originated mainly from the southeast and east.
The link between high nitrate concentrations and a low PBL indicates formation at low
altitudes and makes long-distance transport unlikely. This suggests that ammonium
nitrate was transported primarily from the Czech-Slovak border area. It indicates that the
relatively more widespread biomass burning in the forested montane border region,
compared to other parts of Moravia, could be a significant driver of ammonium nitrate
formation. This supports a similar hypothesis previously formulated on the basis of
a source apportionment study carried out in the northern Czech-Polish border area in
2022.
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Fig. 4: Concentrations of ammonium nitrate.
CONCLUSIONS

Significant differences in air pollution sources in different parts of Moravia imply
different air protection priorities. Additional measures are needed to reduce emissions
from residential coal combustion in the north and from wood combustion in the south.
The high contribution of SOA to PMzs in the flat areas of South Moravia highlights the need
to reduce emissions from road traffic, particularly in the Brno agglomeration. While
measures addressing residential heating have been in progress for several years and the
situation has thus substantially improved in this area, the share of traffic emissions in
PMz2s is increasing, indicating that reduction of traffic emissions should be considered
a top priority for future air protection in South Moravia.
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INTRODUCTION

Passive air sampling (PAS) of trace organic substances in ambient air is cost-efficient
and allows access to sites without infrastructure, but well-defined sampling of the
particulate phase and too low time resolution remain a challenge (Wania and
Shunthirasingham, 2020).

EXPERIMENTAL SETUP

The Venturi Experiment MPI (VEMPI) sampler is constructed of a bundle of 10 conical
Venturi tubes (3D printed, Fig. 1). Enhanced flow is created, as the static air pressure is
lowered at the annular gap provided at the narrowest cross section of each tube. The
annular gaps are interconnected and join into a collection tube connected to gas (4 PUF
plugs in series) and particulate phase (2 parallel 47 mm glass fibre filters) sampling media
(Fig. 1). The sample air flow was calibrated in a wind tunnel and verified outdoors (Fig.
1). VEMPI was validated by side-by-side sampling with active air samplers at a central
European continental site (KoSetice, Czech Republic, 49°34'N/15°05’E, 520 m a.s.l,
during 19 months) and a Caribbean coastal site (Deebles Point, Barbados,
13.16°'N/59.40°W, 12 m a.s.l,, during 1 month).

Following Soxhlet extraction (DCM) and clean-up, 26 polycyclic aromatic
hydrocarbons (PAHs), 9 polychlorinated biphenyls (PCBs) and 32 organochlorine
pesticides (OCPs, including derivatives thereof) were analysed using GC (7890A or 8890A
Agilent) coupled to triple-quadrupole MS (7000B or 7000D, Agilent), while for 19 nitro-
and 12 oxygenated PAHs (NPAHs, OPAHs), the GC was coupled to an APCI-MS/MS (Xevo
TQ-S, Waters).

RESULTS, DISCUSSION AND CONCLUSIONS

Sample air flow rates ranged 1-13 m? d-! depending on wind velocity. The sampler is
found suitable for monitoring OCPs and PCBs at trace concentrations in the remote
marine environment (mostly 0.1-1 pg m-3 concentration range). For some OCPs,
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heptachlor and chlordane, these levels are among the lowest concentrations in air ever
reported. In the continental boundary layer, at a rural site, vertical distributions indicate
the dominance of advection over local emissions for most substances in all seasons (ctot
230m/ Ctot 3m>1), unlike previously reported from urban sites. Indications for local sources
(Ctot 230m/cCtot 3m <1) are seasonally found for triphenylene, retene, dibenzofuran, 2-
nitronaphthalene and 2-nitrofluoranthene, which is possibly related to re-volatilisation.

Because of the blow-off sampling artefact, the VEMPI sampler cannot differentiate
between gas and particulate phases, but collects ctot = cg + cp artefact-free.
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Fig. 1: Passive air sampler VEMPI (up) and sample air flow results outdoors (down), the
black line reflecting expected F(u) = f(u) based on calibration in the wind tunnel.
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INTRODUCTION

Cloud condensation nuclei (CCN) are aerosol particles in the atmosphere that allow
water vapor to condense and form cloud droplets. The concentration and properties of
CCN may affect precipitation amount and intensity, heavy wheather events and
atmospheric dynamics, Andreae et al. (2004). Knowledge of the spatial and temporal
distribution in the atmosphere is essential to incorporate the effects of CCN into
meteorological models of all scales, Huang et al (2007). Our laboratory performs
measurements of CCN concentrations over the National Atmospheric Observatory
KoSetice (NAOK), a rural background site in the Czech Republic. The first results of these
measurements were presented by Mishra et al. (2022). In this work, we have used the
NAOK facility in the form of a 250 m tall tower and have started to measure CCN
concentrations on the ground (4 m) and at 230m in parallel since the end of spring 2024.
Comparison of the vertically measured CCN concentrations will then show the
representativeness of the ground-based measurements (4 m) to higher layers (230 m)
where cloud formation is already occurring. The first experience with these
measurements is presented in this work.

EXPERIMENTAL SETUP

For the CCN concentration measurements, we are using a Dual Column Cloud
Condensation Nuclei Counter (CCN-200, Droplet Measurements Technologies, USA). A
sampling line from the top of the tower to the ground container was constructed for
sampling from a height of 230 m. The second sampling inlet was situated on the roof of
the container at a height of 4 m. Flow rates in both sampling lines were 16.7 | per minute
and were controlled by sucking pumps. The CCN concentrations with this setup are being
measured almost continually for 5 supersaturations in the range from 0.1 to 1.0 % since
14.5.2024.

RESULTS AND CONCLUSIONS

Figure 1 provides an example of measured CCN concentrations during three hours of
measurement. Sample from the height 4 m above the ground is analysed in the column A
and sample from the tower in column B. We can see that there are intervals with the same
CCN concentrations at both heights, a period with higher concentration at the tower and
finally a period with much higher and highly fluctuating concentration at height 4 m above
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the ground (local pollution). Generally, periods with the same concentrations at both
heights and periods with higher concentration above the ground are more frequent than
that with higher concentrations at 230 m above the ground. However, calculations of
mean concentrations for individual supersaturations in the form suitable for EBAS
submission (EBAS Data Submission Manual), and evaluation of the data for the whole
measured period have yet to be done.
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Fig. 1 Time dependencies of CCN concentrations and SSs during three hours of
measurement, 4. 9. 2024.
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INTRODUCTION

Biomass burning from wildfires, prescribed burns, agricultural fires, and domestic
heating emits large amounts of carbonaceous matter, having adverse effects on air quality,
human health, and climate change (Chen et al., 2017). In the Czech Republic and
neighboring states (i.e., Germany), the traditional Burning of the Witches (BoW) is
celebrated during the night from 30t April to 15t May by lighting bonfires made of biomass
material (woodpile, dry grass, etc.). According to the Czech Fire Department, around
8,000 fire spots were reported in 2023 (Czech Fire Rescue Service, 2024), making this
event the largest non-heating open-air biomass burning experiment in Central Europe. In
this study, the vertical distribution of carbonaceous aerosol was investigated during the
BoW, combining measurements at the foot and on the top of a 250 m tall tower.

EXPERIMENTAL SETUP

The measurements were conducted 5 days before (pre-) and after (post-) the BoW in
2023 at the National Atmospheric Observatory KoSetice (NAOK; 49°35'N, 15°05'E), Czech
Republic. Particulate elemental (EC) and organic carbon (OC) in PM2s were measured at
4 m a.gl at 4-hour time resolution using a semi-continuous OCEC analyser (Sunset
Laboratory Inc., USA). Equivalent black carbon (eBC) in PMio was also measured
simultaneously every 1 min at 4 m a.gl and at 230 m a.g.l of the tower using a multi-
wavelength aethalometer (AE33, Magee Scientific, Berkeley, CA, USA). Mass concentration
of PM1o and PMzs and other collocated measurement data of aerosol chemical (size-
resolved NR-PM1, elemental composition) and physical (light absorption and scattering)
properties were also evaluated.
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RESULTS AND CONCLUSIONS

The concentrations of PMio and PMzs measured at the ground level and their
carbonaceous content (OC, EC, and eBC) were significantly higher during the BoW
compared to pre-BoW and post-BoW (Figure 1). This due to the combustion of biomass
material (eBCss) which contributed up to > 90% of eBC measured at 4 m a.g.l. during the
BoW in comparison to pre-and post-BoW (< 50%). K and Cl are biomass burning tracers,
and their concentrations strongly increased during the BoW. Similar results were also
observed for the NR-PM1 species, with the highest increase being found for the organic
fraction, the main contributor (73% of the total mass). The enrichment of the smoke in
brown carbon (BrC) led to enhanced light absorption and scattering observed during this
event.

There were lower concentrations of eBC and eBCss on top of the tower compared to
the ground, and the vertical distribution was exacerbated by open biomass burning (OBB)
aerosols emitted during the BoW. eBCss at 4 m is more influenced by local OBB smoke
plumes confined within the mixing layer (ML), while at 230 m, it was most likely
influenced by plumes transported over longer distances.
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Figure 1: Mean (* std) concentrations of carbonaceous aerosols measured during the
BoW in comparison to pre-, BoW and post-BoW: a) OC and EC at 4 m a.g.l., and b) eBC
and eBCps at4 m and 230 m a.g.l.
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INTRODUCTION

The planetary boundary layer (PBL) is the lowest part of the troposphere, directly
influenced by surface processes. It plays a crucial role in air pollution modeling by
constraining pollutants near the surface due to limited vertical mixing. The mixing layer
(ML), a turbulent region within the PBL and, in this study, also the stable layer during the
night (Fig. 1), affects pollutant dispersion and is essential for air quality monitoring.
Various methods, including ground-based instruments like ceilometers and reanalysis
models, are used to estimate PBL and ML heights, though each has limitations in accuracy
and reliability.
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Fig. 1: Idealized boundary layer evolution diurnal cycle (altered from (Stull, 1988)), with

PBLH highlighted with a dotted line and ML highlighted with a dashed line.
EXPERIMENTAL SETUP

For the study, a Vaisala CL51 ceilometer determinedmeasured the PBL height (PBLH)
from January 2020 to December 2022 at the National Atmospheric Observatory KoSetice
(NAOK, 49°35'N, 15°05'E; 534 m a.s.l.). The data were processed to estimate both the
mixing layer (ML) and boundary layer (BL) heights based on the Lotteraner and Piringer
(2016) method. The method was validated using radiosonde data from Prague-Libus
(50°01'N, 14°27'E, 304 m a.s.l.), located 66 km NE of the NAOK.
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The ceilometer data were compared with multiple reanalysis models: ERA5 (5th
generation ECMWF (European Centre for Medium Weather Forecasting) reanalysis
model), Global Forecast System (GFS) data, Global Data Assimilation System (GDAS) data,
and National Centers for Environmental Prediction/National Center for Atmospheric
Research (NCEP/NCAR) Reanalysis data to assess their ability to replicate observed PBLH
and MLH.

RESULTS AND CONCLUSIONS

All reanalysis models show a systematic underestimation of ML height (MLH) during
summer and an overestimation in winter, with NCEP/NCAR Reanalysis particularly
underperforming due to its coarser resolution (Fig. 2), making it less suitable for detailed
studies where PBL dynamics are crucial. While GDAS and GFS produce comparable MLH
results, the significant disparity in data size (600 MB vs. 17 GB for a week of data)
highlights the efficiency of GDAS in providing comparable-quality data with significantly
lower file size. The influence of meteorological variables, synoptic conditions, and
atmospheric stability on these discrepancies is thoroughly examined, revealing significant
differences in model performance based on weather patterns and seasons.
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Fig. 2: Mean monthly diurnal MLH from GFS, GDAS, Ceilometer, ERAS5, and Reanalysis
(lines), * st. dev. (shaded area). Altered from (Julaha et al., 2024).
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INTRODUCTION

Mile$ovka (837 m a.s.l) is the highest top of a conical shape in the uplands Ceské
stredohori. MileSovka observatory was built in 1904, and meteorological observations
and measurements started in 1905 so that we have nearly 120 years of continuous
records. The observatory is operated by the Institute of Atmospheric Physics of the Czech
Academy of Sciences. At present, an automatic meteorological station is running but in
addition, professional observers do their weather observations non-stop. A variety of
special measurements, long-term or short-term, are also performed at MileSovka.

Low-level clouds, recorded as fog at the station, occur at MileSovka in more than 50 %
of days per year. In the period 1998-2007, Jaroslav Fi$ak carried out fog water sampling
at MileSovka with the subsequent chemical analysis of samples. He also measured the
liquid water content and the effective radius of cloud droplets by the Particulate Volume
Monitor PVM-100 (Gerber Scientific, USA). In 2018-2020 NadéZda Zikova from the
Institute of Chemical Process Fundamentals (ICPF) organized measurement campaigns at
the observatory in ICPF-IAP collaboration. The campaigns focused on the activation of
atmospheric aerosol in low-level clouds (see the recent proceedings of the annual
conferences of the Czech Aerosol Society).

MILESOVKA IS JOINING ACTRIS

With respect to the facts mentioned above, in 2020 IAP was invited to join European
ACTRIS (Aerosol, Clouds and Trace gases Research InfraStructure) and to include
MileSovka in the new topical section Cloud In Situ (CIS) Measurements. Since 2023, IAP is
the fifths member of the ACTRIS-CZ consortium. Currently we use the MEYS financial
support primarily for adaptations at MileSovka and for necessary preparatory works
before launching the new long-term measurement programme.

We participated with our PVM-100 in the intercomparison measurement campaings
that were organized in the late autumn 2022 and in summer 2024 by the CIS Topical
Centre at the Sonnblick Observatory (3106 m a.s.l.) in the Austrian Alps. In collaboration
with our ACTRIS colleagues from the Finnish Meteorological Institute and ICPF, we plan
a short-term joint measurement in low-level clouds at MileSovka. Except for our PVM-100,
which measures integral variables, two instruments measuring the cloud droplet size
distribution will be installed there in October 2024, namely the Cloud Droplet Analyzer
(Palas, Germany) and the Fog Monitor FM-120 (DMT, USA).

161



Fig. 1: Our instrument PVM-100 at the MileSovka observatory. Photo by Marek Franc.

OUTLOOK

Main objective of our participation in ACTRIS is establishment and long-term
operation of a CIS Observational Platform at MileSovka, which will be able to pass an
evaluation process and then obtain a label that it meets the ACTRIS standards. To be able
to measure the variables required for a CIS station, we are going to purchase an automatic
instrument for measurement of the ice nucleating particles and a cloud droplet monitor
for measurement of the droplet concentration and size distribution.

Aerosol - cloud interaction is currently a topical research focus worldwide. That is
why we will extend the scientific collaboration with our colleagues from ICPF, who plan
to install their aerosol instruments at MileSovka.
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INTRODUCTION

Reference methods for ambient particulate mass (PM) measurement are typically
based on humidity controlled increase of sampling filter weight at ambient temperature.
On the other hand, reference stationary source emission PM measurements, while also
based on filter mass increase, are carried out at flue gas temperature. There is a
disconnect between these two methods due to sampling temperature and due to
subsequent photochemical reactions of the flue gas in atmosphere. Past studies have
shown that volatile and semi-volatile aerosol contribute significantly to total ambient
aerosol mass. These aerosols can be divided into primary organic aerosols (POA) emitted
from biosphere and industrial sources and secondary organic aerosols (SOA) from
precursor gases forming in atmosphere through photochemical processes over time. In
this work, we will present a real-time method to directly estimate the fraction of volatile
and semi-volatile material in number or mass weighed ambient aerosol concentration. In
addition, we will present the effect of volatiles on the aerosol size distributions. The
presented method is suggested as a tool to bridge the gap between emission source
primary measurements and total ambient PM measurements.

EXPERIMENTAL SETUP

The presented measurement method is based on the Electrical Low Pressure
Impactor+ (ELPI+) and High Temperature Electrical Low Pressure Impactor+ (HT-ELPI+)
instruments (see fig. 1).
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Fig 1. Ambient aerosol measurement setup with ELPI+ and HT-ELPI+
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The operation principle of both instruments is based on particle charging, inertial
classification with a low pressure cascade impactor and electrical detection with sensitive
electrometers. This combination of techniques allows number and mass concentration
and size distribution measurement from 6nm to 10um in real time. The calibration and
characterization of the instrument have been published by Jarvinen et al. (2014). The HT-
ELPI+ is an instrument for measurement of high temperature gases. The HT-ELPI+
measurement column, comprising of the charger and impactor, can be heated up to
180 °C.

RESULTS AND CONCLUSIONS

In the presented method, the amount of volatile and semi-volatile particles in the
ambient aerosol is estimated using a parallel measurement with ELPI+ and HT-ELPI+
instruments. The ELPI+ sample is conditioned with a nafion dryer to eliminate the effect
of particle-bound water, while the HT-ELPI+ draws the sample through a vertical heated
line, which ensures evaporation of volatile and semi-volatile species. The difference in the
measured results is dependent on the evaporation of particulate matter at the specific HT-
ELPI+ temperature level. Different HT-ELPI+ temperature levels can be used to evaluate
the evaporation temperature of the volatile fractions. Consequently, the effect of
temperature driven evaporation on ambient number and mass size distributions and
concentrations can be analyzed. As such, the presented method will facilitate more
accurate assessments of the relative contribution of primary emissions and secondary
organic aerosols on total ambient PM levels. In turn, such assessments can be used to
evaluate the net effect of various environmental emission reduction efforts.
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