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UVOD - INTRODUCTION

Milé kolegyné, mili kolegové, takto ¢lenové Ceské aerosolové spole¢nosti.

Jak byva mym zvykem, rad bych vas pozdravil jako predseda spole¢nosti pri
prileZitosti leto$ni vyro¢ni konference CAS konané 3. a 4. fjna v Kutné hote, v hotelu
Médinek. Kvili pauze vynucené pandemii COVID-19 se letos setkdme po 3 letech od
posledni konference. O to vice se téSim, Ze vas kone¢né vSechny zase uvidim.
Jesté na konci srpna mne pokladnik spolecnosti Pavel Moravec upozornoval, Ze
konference pravdépodobné dopadne financ¢nim fiaskem, protoZe je prihlaSeno malo
ucastniki. Ve chvili, kdy pisi tento tvodnik, to vypada, Ze budeme mit nejvétsi pocet
konferenénich prezentaci za celou historii VK CAS. Dokonce jsme museli prodlouzit
program konference az do dterniho odpoledne, protoZe se nam do poledne vSechny vase
prispévky nevesly.

A zaroven bych vas rad upozornil na jednu novinku. Po del$i dobé mame opét dva

pozvané piednasejici. Pani profesorka Daniela Pelclova bude mit ptlhodinovou plenarni
prednasku o vlivu aerosolovych ¢astic na zdravi v pracovnim prostredi. Pan doktor Martin
Wasserbauer nam zase ve své Keynote prozradi, jak se mohou vysetrujici 1ékari chranit
pied patogeny uvolilovanymi z traviciho traktu pacientd pti vySetifeni zaludku. Virele vam
doporucuji se na obé tyto prednasky prijit podivat.
Jako obvykle se nam letos prihlasili sponzofi, jiz tradi¢né jde o ceskou firmu ECM
Ecomonitoring, a finskou firmu Dekati, reprezentovanou slovenskym Biowellem. Dékuji
nasim sponzortim, Ze ndm zachovali prizen i po dvouletém odkladu. Diky nim si budete
moci uzit bohatou konferenc¢ni veceri a mladsi kolegové se mohu tésit na ocenéni v soutézi
nejlepsich prezentaci.

V této souvislosti bych rad pripomnél, Ze stale trva moznost pro mladsi védecké
pracovniky a doktorandy, aby ziskali podporu pro cestu na vyznamnou zahrani¢ni
mezinarodni konferenci, pokud se jim podafi na takové konferenci prezentovat formou
prednasky. V minulosti jsme touto formou podpofili celou fadu vasich zahrani¢nich cest,
ale obavam se, Ze béhem COVIDu jsme kviili omezenému cestovani na tuto moznost témeér
zapomnéli. Rad bych ji proto vSem pripomnél a povzbuzuji vSechny mladsi kolegy, kterych
se to tykd, aby se nebdli o tento typ podpory pozadat.

Na zavér bych vam chtél podékovat za prizen, kterou jste mi projevovali po celych
témér 9 let ve funkci predsedy Ceské aerosolové spole¢nosti. Jak jiz jsem avizoval v jarnim
emailu, rozhodl jsem se ze zdravotnich dlivodl odstoupit z pozice predsedy spole¢nosti a
nechat vybor vybrat predsedu nového. Proto vas prosim, abyste se v hojném poctu
zucastnili ¢lenské schiize, ktera se bude konat v uUtery rano pred prvni prednaskou.
Rozumim tomu, Ze nékteri z vas budou po pondélni konferencni vecefi unaveni, ale snad
vas ranni kava probudi natolik, abyste se jiZ probuzeni mohli na schiizi dostavit.
Pfeji vdm vSem hodné zdravi a dobré mysli a téSim se na vas v Kutné hofte.
Vas
Vlad'a Zdimal
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VLIV VZDUCHOVYCH HMOT NA KONCENTRACE AEROSOLOVYCH CASTIC
MERENYCH V SITI ULTRAJEMNYCH CASTIC

Adéla HOLUBOVA SMEJKALOVA?, Marcela HEJKRLIKOVA?, Helena PLACHA?, Miroslav
BITTER!

1 Cesky hydrometeorologicky dstav, Praha, Ceska republika, adela.holubova@chmi.cz

Klicova slova: Vzduchové hmoty, Koncentrace aerosolovych €astic, Sit’ ultrajemnych
castic

SUMMARY

The influence of different air mass origins on particle number size distribution was
studied at five stations within Ultrafine aerosol particle network. The significant
differences between concentrations were observed in accumulation mode in different air
masses - the long-range transport affected concentrations. Local sources probably more
contribute to aerosol concentrations in Aitken and nucleation mode at urban traffic
stations.

UvoD

Koncentrace aerosolovych ¢astic méienych na dané lokalité jsou vysledkem ptlisobeni
nékolika faktort. Jedna se jak o lokalni zdroje znecisténi, meteorologické podminky, tak i
o vliv vzdalenéjsich zdroji. Praveé vliv dalkového transportu na receptorovou lokalitu Ize
sledovat diky pohybu vzduchovych hmot (VH) rtizného plivodu (Colbeck a Lazaridis
2010; Lépez a kol. 2019; Wonaschiitz a kol. 2015). 0Od roku 2019 jsou kontinudlné
méfreny koncentrace aerosolovych ¢astic na péti stanicich v ramci sité Ultrajemnych ¢astic
(UJC) Ceského hydrometeorologického tdstavu. Na vysledcich méfenych na téchto
stanicich bylo sledovano, zda prevazuje vliv na pocetni rozdéleni velikosti aerosolovych
Castic (particle number size distribution - PNSD) z lokalnich zdroji znecisténi c¢i
z dalkového transportu. Stanice se nachdazeji vriznych typech prostfedi a jsou
ovlivitiovany rlznymi typy zdroji (intenzita a vzdalenost dopravy, lokalni vytapéni,
primysl, téZebni ¢innost).

METODY MEREN{

PNSD byla sledovana na stanicich Mlada Boleslav (50° 25" 43.126"S, 14° 54’
49.894"V, 224 m n.m.), Hradec Kralové-Brnénska (50° 11" 43.304"S, 15° 50" 46.955"V,
232 m n.m.), Plzen-Slovany (49° 43" 56.815"S, 13° 24° 8.211"V, 340 m n.m.), Usti nad
Labem (50° 39" 39.941"S, 14° 2" 35.027"V, 147 m n.m.), Lom (50° 35" 8.757"S, 13° 40’
24.305"V, 26 m n.m.). Detailni popis pristrojového vybaveni pro méreni PNSD je uveden
v Tabulce 1. Pivod VH byl analyzovan z klastrovanych zpétnych tratektoriif vypoctenych
programem HYbrid Single-Particle Lagrangian Integrated Trajectory HYSPLIT_4 model
(HYSPLIT) (Draxler, Roland R. a Rolph 2013). Kazdych 6 hodin byly generovany 96
hodinové zpétné trajektorie s casem zacatku v 00:00 UTC a vySkou receptoru 500 m n.m.
K vypoctiim byly pouZity meteorologicka data Global Data Assimilation System (GDAS) s
rozliSenim 1° x 1°. PNSD data byla rozdélena na nukleacni, Aitkentiv a akumula¢ni maod.
Zmény koncentraci v jednotlivych VH byly hodnoceny jak pro jednotlivé mody, tak i pro
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koncentrace znecistujicich latek PM19, PM25, NOx. Data byla hodnocena v obdobi od 1.
¢ervna 2019 do 31. ¢ervna 2021.
Tab. 1: Pristrojové vybaveni a mérici rozsahy PNSD na jednotlivych stanicich UJC.

Stanice Spektrometr Cita¢ ¢astic Velikostni rozsah méreni
Hradec Kralové-  SMPS 3938 (TSI) CPC 3750 (TSI) 7-500 nm
Brnénska
Lom SMPS - zakazkova vyroba CPC 3772 (TSI) 10-800 nm

(IfT Tropos)
Mlada Boleslav SMPS 3938 (TSI) CPC 3750 (TSI) 7-500 nm
Plzen-Slovany SMPS 3938 (TSI) CPC 3750 (TSI) 7-500 nm
Usti n/L-mésto SMPS - zakazkova vyroba CPC 3772 (TSI) 10-800 nm

(IfT Tropos)

VYSLEDKY, DISKUSE, ZAVERY

Vliv ptivodu VH na koncentrace castic akumulacniho médu byl potvrzen u stanic
Mlada Boleslav, Hradec Kralové-Brnénska a Plzeii-Slovany. Koncentrace ¢astic Aitkenova
modu zpravidla nebyly ovlivnény typem VH na stanicich Mlad4d Boleslav a Hradec
Kralové-Brnénska. Vysledek v téchto lokalitach pravdépodobné ukazuje na prevladajici
vliv lokalnich zdroji znecisténi na koncentrace castic Aitkenova médu. Obdobné vysledky
byly zaznamenany i u ¢astic nukleatniho médu na stanici Hradec Kralové-Brnénska. Na
vSech stanicich byly méreny nejvyssi koncentrace PMio (>20 pg'-m3) ve VH ¢ 3
(kontinentalni VH). Koncentrace NOx byly vjednotlivych VH velmi podobné, coz
naznacuje mensi ovlivnéni dalkovym transportem.

Cilem této prace je zjistit, zda na PNSD, které je méfeno na 5 stanicich v Ceské
republice, ovlivnych rdznymi zdroji, ma vliv vice lokalni ¢i dalkovym transportem
premistované znecisténi. Dosavadni vysledky ukazuji zejména na vliv dalkového
transportu na koncentrace Castic akumulacniho moédu. Vliv lokalniho zneciSténi na
koncentrace castic Aitkenova a nukle¢niho médu byl zaznamenan na meéstské dopravni
stanici Hradec Kralové-Brnénska.

PODEKOVANI
Tato prace vznikla za podpory projektu ARAMIS SS02030031.
LITERATURA

Colbeck, I. a Lazaridis, M. Naturwissenschaften 97(2), 117-131, (2010).

Draxler, R. R. a Rolph, G. D, HYSPLIT (HYbrid Single-Particle Lagrangian Integrated
Trajectory), (2013).

LOPEZ, V. a kol.. Environmental Science and Pollution Research. 26(29), 30426-30443,
(2019).

WONASCHUTZ, A. a kol.., 2015. Atmospheric Environment. 118, 118-126, (2015).

12



~ z

CISTENI KNIHOVNICH DOKUMENTU POMOCI DVOUFAZOVEHO SPREJE

Ludmila MASKOVA?, Ji¥i SMOLIK?, Petra VAVROVA?, Jitka NEORALOVA?, Magda
SOUCKOVA?, Dana NOVOTNA?, Véra JANDOVA?, Jakub ONDRACEK?, Lucie
ONDRACKOVA?, Tereza KRIZOVA?, Katefina KOCOVA?2

1Ustav chemickych procesii AV CR, Praha, Ceska republika, maskova@icpf.cas.cz
2Narodni knihovna CR, Praha, Ceska republika

Klicova slova: Dvoufazovy sprej, Suché ¢isténi, Oxid uhlicity

SUMMARY

The cleaning of particles from library materials (paper, textile, and collagen
materials) using a high-speed CO2 snow jet was investigated. The measurements included
determination of the cleaning efficiency, and evaluation of possible adverse effects. The
method was compared with nitrogen jet cleaning. The results showed that the CO; snow
jet is able to effectively remove particles from the surfaces. Any adverse effects were not
observed at paper and textile. However, application on collagen materials caused
degradation of the surface.

UvoD

Cisténi povrchu archivalii a knih patfi mezi zakladni konzervatorské zasahy.
Dlivodem je zejména pribliZeni se plivodnimu vzhledu a zastaveni degrada¢nich procest
vlivem pritomnych necistot. Jemné Castice (< 1 pm) ve vnitinim prostredi knihoven a
archivli obsahuji zejména saze, organické latky, siran a dusi¢cnan amonny a slouceniny
kovi. Hrubé ¢astice (>1 pm) jsou pak prevazné tvoreny mineralnimi a organickymi
latkami (Maskova a kol,, 2015). Saze a organické latky prispivaji zejména k znecisténi
povrchi, dusi¢nan a siran amonny, sole a nékteré organické latky jsou hygroskopické a
maji tak tendenci podporovat rist plisni, kyselé slozky prispivaji k degradaci materialu,
mineralni ¢astice jsou abrazivni a napomahaji tak k mechanickému poskozeni (Hatchfield,
2005).

Tradi¢ni metody suchého c¢isténi vétSinou zahrnuji Stétec, gumu, vysavac, stlaceny
vzduch atd. Jejich pomoci se vSak odstranuji prevazné pouze hrubé castice. Cilem této
prace bylo otestovat alternativni metodu cisténi knihovnich materiali pomoci
dvoufazového spreje snéhovych castic oxidu uhic¢itého v nosném plynu.

METODIKA

K ¢isténi byl pouzit pristroj SnoPen 2000 (CleanLogix), generujici dvoufazovy sprej
snéhovych mikrocastic oxidu uhli¢itého v proudu dusiku jako nosného plynu. Pro
srovnani byl k ¢isténi pouZit i pouze samotny proud dusiku. K ovéreni vhodnosti metody
byly pripraveny vzorky papiru Whatman no. 1, papiru Holmen 2.0, textilu Coloret Natural
a trisloCinéné usné teletiny jako zastupce kolagennich materiali o rozméru 4 x 4 cm.
Vybrané vzorky byly nasledné znecistény tiemi druhy prachovych ¢astic, a to prachem
Ashrae (Test Dust #1, Particle Technology Ltd), slonovinovou ¢erni pravou 12000
(Kremer Pigmente GmbH & Co.) a knihovnim prachem z depozitafti Narodni knihovny CR,

13



odebranym pri Cisténi knih pomoci vysavace. Prach byl nanaSen pomoci pryZového
valecku vzdy ve dvou vrstvach, aby bylo dosaZeno rovnomérného pokryti povrchu
vzorkd.

Uéinnost odstranéni prachu byla sledovana pted a po aplikaci prachu a nasledné po
mechanickém cCisténi pomoci analytickych vah s presnosti #0.01 mg (XS105, Mettler
Toledo). Esteticka u¢innost ¢iSténi byla hodnocena pomoci zmény baravnosti v barevném
prostoru CIELab. Méreni bylo provedeno pomoci spektrofotometru Minolta CM-508d s
mérici clonou o velikosti 3 mm v reZimu SAV. Bezpelnost dané metody cisténi byla
posuzovana pomoci Elektornové skenovaci mikroskopie (SEM, Tescan Indus s
detektorem sekundarnich elektront) a 3D opticka mikroskopie (Hirox).

VYSLEDKY, DISKUSE, ZAVERY

Vysledky ukazaly, Ze nejsnaze byl odstranovan knihovni prach, c¢iSténi vzorkil se
slonovinovou ¢erni bylo obtiZnéjsi a prach Ashrae byl nejodolnéjsi. Vysledky také ukazaly,
ze Cisténi dvoufazovym sprejem ani proudem dusiku nezpiisobilo poskozeni u papiru a
textilu. Naopak v pripadé kolagennich materiali bylo pozorovano naruseni povrchu jak
v pripadé pouZiti dvoufazového spreje, tak i samotného proudu dusiku bez ¢astic oxidu
uhli¢itého. Priklady cisténi papiru Whatman kontaminovaného prachem Ashrae jsou
uvedeny na Obr. 1.

Obr. 1: Priklad papirt Whatman kontaminovanych prachem Ashrae a) pred ¢isténim, b)
po c¢isténi proudem dusiku a c) po ¢isténi dvoufazovym sprejem
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SUMMARY

In this work, seasonal variations in the stable carbon isotope ratio (613C) of total
carbon (TC; 813Crc) and water-soluble organic carbon (WSOC; 613Cwsoc) in fine aerosol
particles (PMzs) as well as in the total carbon of the gas phase (TCgas; §13Crcgas) Were
studied. Despite the different seasonal compositions of carbonaceous aerosols, the
isotope differences (A513C) between the analyzed bulk aerosol parts and gas phases were
similar during the seasons. This shows that the fractionation of stable carbon isotopes is
a predominantly physical process in which the chemical composition of individual
compounds in bulk aerosols does not play a major role. Details in Vodicka et. al (2022).

UvoD

[zotopova frakcionace mezi plynnou a aerosolovou fazi je diileZitym jevem pri
studiu atmosférickych procesii. Vtéto praci jsme zkoumali sezénni zmény poméru
stabilnich izotopt uhliku (613C) celkového uhliku (TC; 813Cr¢) a organického uhliku
rozpustného ve vodé (WSOC; 83Cwsoc) v jemnych aerosolovych casticich (PMgzs) a
celkového uhliku plynné faze (TCgas; §13Crcgas) na primeéstské lokalité v Praze.

METODY MEREN{

Odbér vzorki byl proveden na priméstské stanici Praha-Suchdol (50°7'39.79" N,
14°23" 4.30" E, 277 m n. m.). Vzorkovani probihalo kazdy 6. den po dobu 48 hodin od 14.
4.2016 do 1.5.2017 na dva kiemenné filtry v sérii. Na predni filtr byla vzorkovana frakce
aerosolu PMzs + plynné frakce, zatimco na zadni filtr byla odebrana pouze plynna frakce.
Vzorky byly nasledné zvaZeny a analyzovany na obsah TC, organického a elementarniho
uhliku (OC a EC) a WSOC. Hmota TC a WSOC byla dale analyzovana na pomér 613C. V této
studii nové, byl na §13C analyzovan i zadni filtr obsahujici plynou frakci. Ziskana data byla
nasledné vyhodnocena v zavislosti na sezénnich a meteorologickych zménach. Detaily
jsou uvedeny v praci Vodicka a kol. (2022).

VYSLEDKY

Obrazek 1 ukazuje priimérné sezénni hodnoty §3Cwsoc, 613Crc a celkového uhliku
v plynné fazi (613Crcgas). Nejvétsi obohaceni 13C bylo zjisténo u WSOC, nasledovaného
¢asticemi TC, zatimco nejvétsi ubytek 13C byl zjistén v plynné frakci TC. Jasny sezonni

vV

poskytuje diikaz o pritomnosti riiznych zdrojl aerosolii na lokalité béhem roku. Navzdory
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rozdilnému sezénnimu slozeni uhlikatych aerosolt byly izotopové rozdily (A53C) mezi
analyzovanymi objemovymi ¢astmi aerosolli a jejich fazemi béhem rocnich obdobi
podobné. To ukazuje, Ze frakcionace stabilnich izotopd uhliku je prevazné fyzikalni
proces, ve kterém chemické slozeni jednotlivych uhlikatych sloucenin v celkovém
aerosolu/plynné fazi nehraje hlavni roli.

avg. Ad"C
25 - B 5"Cwsoc
0.71+0.37 %o
+ ® 5"Crtc
—='-26
2l
$ + * 1.97+0.50 %o
© .27 -
O 0"Crtcgas

NE ; ¢

Spring  Summer Autumn  Winter

Obr. 1: Priimérné sezénni hodnoty §13C ve vodé rozpustného organického uhliku v PMy 5
(813Cwsoc), celkového uhliku v PM25 (§13Crc) a celkového uhliku v plynné fazi (§13Crcgas)-
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INTRODUCTION

Atmospheric aerosols have a significant impact on the radiative forcing of Earth's
climate, either directly through aerosol radiative interactions (ARIs), i.e., scattering or
absorption of incoming solar and outgoing infrared radiation, or indirectly through
aerosol-cloud interactions (ACIs) (Boucher, 2015; IPCC, 2013; Luoma et al, 2019;
Ramanathan et al.,, 2001). The aerosol radiative forcing of the direct effect consists of a
warming effect and a cooling effect (Boucher et al.,, 2013; Charlson et al.,, 1992). The
predominant cooling effect results from the scattering of radiation by certain species of
atmospheric aerosols (including sea salts, nitrates, sulfates, mineral and organic matter,
etc.) that reduce the amount of solar radiation reaching the Earth's surface. This
phenomenon offsets the greenhouse effect and alters the radiation balance (Pandolfi et
al,, 2018).

According to a number of studies, radiative forcing by aerosols remains one of the
main sources of uncertainty in climate models estimations due to the strong spatial and
temporal variations in chemical and physical properties of aerosols, their short lifetime
compared to greenhouse gases, and diversity of aerosol sources (Boucher, 2015; Charlson
etal, 1992; Lee et al,, 2016; Luoma et al., 2019). These studies are important for a better
understanding of local and long-range transport of both anthropogenic pollutants and
natural aerosols and for unbiased long-term trends.

The aim of this study is to focus on the temporal variations of light-scattering
properties of aerosols at a rural background site in Central Europe. The total light
scattering (osp) and backscattering (obsp) coefficients and associated calculated optical
properties such as the Angstrom exponent (SAE), the backscattering ratio (b), and the
asymmetry factor (g), are characterized considering different time scales (annual,
seasonal, monthly, or diurnal) based on long-term measurement. The optical properties
were compared with meteorological conditions (fog, cloudiness); the concentrations of
gaseous pollutants such as NOx and SO; were inspected as well as potential sources of
atmospheric aerosols. In addition, radiative forcing, and the influence of other
meteorological conditions (e.g., height of planetary boundary layer), chemical
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composition and particle size distribution at the National Atmospheric Observatory
KoSetice (NAOK) are being further investigated to better understand the direct effects of
aerosols on the local climate.

METHODS

We measured o5, and opsp at three wavelengths (450, 550, and 700 nm) using the
Integrating Nephelometer TSI 3563, equipped with a PM10 inlet and a Nafion drier.
Measurements were performed at the rural background site National Atmospheric
Observatory KosSetice (NAOK; 49°34'20.787 "N, 15°4'48.155 "E') located in the central
part of Czech Republic. Sampling was conducted at five-minute intervals from August
2012 to February 2013, and then at one-minute intervals till December 2019. All data
were processed according to the standard monitoring procedure of the European
Monitoring and Evaluation Program (EBAS-EMEP). Periodic control calibrations were
performed with CO:; gas and filtered air to ensure credible results. Moreover, the
instrument took part in regular intercomparison exercises organized by ECAC at TROPOS.

Data processing and statistical analysis were performed using R software version
4.1.0. Data were referenced to standard conditions, SAE was calculated and used for
correction of nonideal light source illumination and cutoff error in the near forward
(0 ° -10°) and near backward (170 ° -180 °) directions using correction factor C
(Anderson and Ogren, 1998; Massoli et al., 2009; Miiller et al., 2009). Later, b and g were
calculated with all temporal variability. Potential source contribution function (PSCF) for
estimation of potential aerosol sources was calculated using R software version 4.1.0.

RESULTS

The preliminary results show that the general trend for both oy and oy is
downward from 2012 to 2019 (Mann-Kendall test; a=0.05, p < 0.05; except ossp at 700
nm). The median slopes of all aerosol light scattering properties are shown in Tab. 1.

SOz and NOx concentrations were correlated with oy, and opsp throughout the
period, confirming their contribution to light scattering enhancement (Spearman
correlation test; SOz and o5, - p=1.69€%8, rh0=0.557; NOx and o5y — p=3.91e13, rh0=0.678;
SO2 and opsp - p=2.29€9, rho=0.584; NOx and opsp— p=5.18€06, rh0=0.464).

Although o5, and opsp decreased over time, b showed a positive slope of the median
trend line, indicating a more efficient light backscattering with time. The possible
explanation is that the chemical composition of the aerosol changed in favor of cooling
(relative decrease in organic/elemental carbon concentration ratio and more scattering
chemical species); therefore, aerosol particles become more effective in backscattering at
lower aerosol concentrations.

Relative shift from higher to lower SAE values (shift to bigger particles) could be
an indication of effective policies against industrial /residential emissions. The smallest
particles are mainly produced directly at the source (e.g., combustion, heating) or as a
product of secondary aerosol (SOA) formation. The trend leading to smaller SAE values
signals a shift toward larger particles that may be produced by reactions of pre-existing
particles in the atmosphere (so-called aerosol aging). Furthermore, long-range transport
of aerosol particles might have become a more significant source of aerosol particles in
NAOK.

As can be seen in Fig. 1 that osp (and o»sp) reached higher values in the cold season
than in the summer. Both o5, and opsy dominated in February, March, and November; 63.2,
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58.7, 58.0 Mm and 8.0, 7.2 and 7.0 Mm-1, respectively. This phenomenon is probably
related to the higher aerosol load in winter due to higher energy consumption, poorer
dispersion of pollutants, and lower altitude of the planetary mixing layer.

Tab. 1: Slopes of the annual median trends found for aerosol light scattering properties
throughout 2012-2019 period.

450 nm 550 nm 700 nm
Osp [Mm1 /year] -3.22 -2.50 -1.03
obsp(Mm-1 /year] -0.18 -0.18 -0.09
SAE [/ year] -0.002 -0.010 -0.018
b [/ year] 0.015 0.012 0.013
g/ year] -0.027 -0.021 -0.022
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Fig. 1: The annual and seasonal variation of o5, at 550 nm. Black line represents median,
solid black circles represent outliers.

The elevated levels of SAE in summer might indicate enhanced formation of SOA
during the photochemically active season. SAE levels reached the highest monthly value
2.09 in July. This is supported by the correlation of the increase in isoprene concentration
at NAOK in summer as well as by the results published in Mbengue et al. (2021, 2020). In
contrast, particles remain longer in the atmosphere during the winter season and can
overcome several chemical reactions during aerosol aging and thus grow, reaching the
lowest monthly value of SAE in February; 1.62.

The overall annual trend of b is upward from 2012 to 2019 (Tab. 1) what could be
explained by possible partial change in particle size and chemical composition of aerosols
toward more backscattering species, e.g.,, secondary organic aerosols or transport of
oxidized/sea-salt aerosol particles during summer, which is mainly pronounced in
summer period. The maximum was observed in May, June, and July; 0.16 in all cases, and
the minimum in November; 0.12.

As the g ranges from -1 to 1 (total backscattering to total forward scattering), the
overall lowering of the g value shows a shift to stronger backscattering. Maximum values
of g were observed in November, February, and March; 0.6 in all cases. Since higher values
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of g represent a dominance of forward scattering, this suggests less backward scattering
species in winter, e.g., aerosol mixtures containing carbonaceous substances. However,
median values of g remain in the positive values for the whole inspected period indicating
prevalence of forward scattering of light, which is in agreement with theoretical
predictions.

The diurnal variations of o5, and opspy were downward from midnight and reached
their minimum around noon (29.6 Mm- and 4.3 Mm-!, respectively) and started to
increase to reach their maximum at 9 p.m. (39.58 Mm-! and 5.6 Mm%, respectively). The
main reason for this is the higher stability of the atmosphere and the lower planetary
boundary layer during nighttime.

The daily variation of SAE included two maximum peaks (the smallest size), one in
the early morning at 3-5 a.m.; 1.86 and the second at 1 p.m.; 1.85. The lowest SAE values
were observed daily between 6 am and 8 a.m., indicating the occurrence of largest
particles during this part of the day. No visible variations were observed for b during the
week, and the median remained stable at 0.14.

The PSCF visualization of aerosol potential source identification is shown in Fig. 2.
PSCF showed a higher probability of source location identification of the observed values

PSCF
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- 0.4
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- 2~
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Fig. 2: PSCF of osp at 550 nm calculated separately for different months with monthly 75th
percentile as the limit value. The location of NAOK is marked with black circle.

over 75t percentile of o5, during late autumn, winter, and early spring. This probability
correlates with higher ospand opsplevels during cold season. As the probability is not dense
in any region, the results may be more by synoptic situation than potential sources of
aerosols.

To compare AOP with cloudiness, we defined four categories according to WMO
definition - fine F (no clouds), partly cloudy PC, cloudy C and overcast O days (completely
covered sky without breaks).

Higher values of oy, and oy observed during O days could be caused by
compressed boundary layer. However, we expect more precipitation during O days, thus
removing aerosol particles from the atmosphere, which was not proven in this study. For
F days, the hypothesis suggests higher solar activity and photooxidative processes in the

20



atmosphere causing higher production of secondary organic aerosols. At 550 nm, the o
medians were 36.46 Mm-1, 28.81 Mm-1, 28.12 Mm-! and 41.42 Mm-! and the o5, medians
5.47 Mm-1, 4.61 Mm-1, 4.41 Mm-! and 5.52 Mm- for days F, PC, C, and O, respectively.

A study of fog influence on AOP showed increased scattering potential of aerosols
during days without the fog, because the multiple-scattering of light on particles might
occur during the foggy days causing decreased intensity of measured light coming to the
instrumental cell.

CONCLUSIONS

In this study, we focused on temporal variations of long-term measurement of AOP
at a rural site in Central Europe, as well as on the comparison with different
meteorological conditions, concentration of gaseous pollutants, and source
apportionment.

The overall trend of oy, and ops, was decreasing from 2012 to 2019. Similar
decreasing trend was observed for SAE, indicating shift to relatively bigger particles,
increased b and decreased g suggests increased efficiency of backscattering at lower
concentration, bigger particle size and possible change in chemical composition. Elevated
SAE in the summer implies SOA formation, decreased SAE in winter denotes aerosol aging,
and higher atmospheric stability. Decreased b in winter suggests the occurrence of
atmospheric particles with lower backscattering potential, e.g., carbonaceous aerosols
originating from different types of combustion. The backscattering potential was
decreased during fog events (multiple scattering of light). The source identification did
not show a high probability of occurrence in any of the regions, suggesting the prevalent
influence of the synoptic situation over Europe more than the potential sources of
aerosols.
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INTRODUCTION

Volcanic eruptions are one of the most important sources of natural aerosol
(Ravindra Babu et al.,, 2022; Tomasi et al., 2017). Their negative impacts on air quality
(the effects of volcanic exhaust) can be observed via long-range transport to locations far
from the eruption (Kvietkus et al., 2013; Ravindra Babu et al., 2022; Revuelta et al., 2012).
One of the most recent events of volcanic activity was a volcanic eruption on La Palma in
the fall of 2021 (Cumbre Vieja Volcano, La Palma Island, Canary Islands, 28°36'54 "N
17°52'07 "W, 1,949 m a.s.l.). The impact of the volcanic eruption on air quality, which
occurred 3600 km from the National Atmospheric Observatory KoSetice, was studied
using a combination of ground-based measurements and vertical profile analyzes. Since a
new instrument (LIDAR) has extended the equipment of our station, vertical profile
analyzes were performed.

EXPERIMENTAL SETUP

Air quality was analyzed at the National Atmospheric Observatory KoSetice (NAOK
- 49°34'24 "N, 15°4'49 "E, 534 m a.s.l.) from September 1 to October 31, 2021. NAOK is a
rural background station located in the Czech-Moravian Highlands, in the central part of
the Czech Republic. Vertical profile characteristics were measured using LIDAR (LR211-
D300, Raymetrics). The measurement principle of LIDAR is to emit a laser beam into the
atmosphere, which is scattered by particles. Part of the emitted light is scattered back to
the LIDAR's telescope. Based on the time it takes for the light to return, the distance of the
aerosol layers can be determined. The received power due to elastic scattering can be
described by the lidar equation (1) (Raymetrics SA, 2020). The meaning of the variables
can be found in Baars (2007) and Baars (2011).

P(z)=P, el B(Z)AMO(Z)L2 exp| — 2Z a(z* )dz*
2 - p{ 7‘: } (1)

Air quality measurements were performed with automatic analyzers: SO, (T100U,

Teledyne Advanced Pollution Instrumentation); PM1o, PM25s (MP101M Environnement
SA), Hgo - (2537B, Tekran), SO4, NO3 - custom-made sampler (according to EMEP).
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RESULTS AND CONCLUSIONS

During the period studied, there were two dates when the volcano's SOz plume passed
over central Europe - September 26 and October 20. From about 8:00 p.m. on September
26 to 3:00 a.m. on September 27, several layers at altitudes of 10-12 km were recorded
by LIDAR (Fig. 1). A huge increase in the backscatter coefficient (up to 1.6-10-> m-1sr-1)
was observed at altitudes of 10-12 km during 24 hours (from 25 September to 26
September) (Fig. 2).
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Fig. 1: Lidar measurements from 09/26/2021 to 09/27/2021. Time series of the range-
corrected signal for the 355 nm channel.
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(a) EARLINET nak 2021-09-25 355.0nm (b) EARLINET nak 2021-09-26 355.0nm
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Fig. 2: 355 nm particle backscatter coefficient observed on 25 September 2021, 18:02 -
18:21 UTC (a), on 26 September 2021, 20:02 - 20:21 (b) processed in SCC platform (19
min signal average).
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SUMMARY

The impact of local heating on PMz5 concentrations monitored in a village Zadni
Treban in Central Bohemia between 21. 12. 2021 and 3. 2. 2022 was evaluated and the
effect of wind speed and temperature on PMzs concentrations was examined. The PMz s
concentrations were measured using both stationary and mobile monitoring.

For the stationary monitoring, 7 DustTrak 8520 monitors (integration time 1 min)
were used. A network of these monitors was built to cover different settlement (village
edge, village center) as well as geological types of locations (valley, hill). The mobile
monitoring took place 31. 1. 2022 over the course of 7 walks during which PM25 and PNC
concentration were measured using portable monitors (DustTrak DRX and P-Trak). The
integration time for both monitors was 1 s. The aim of the mobile monitoring was to
supplement knowledge gained from the stationary monitoring.

It was confirmed that at wind speeds higher than approximately 1 m+s-1) the PM
concentrations started to drop significantly (to values between 4 and 12 pg-m-3). The PM
concentrations in the village were also indirectly affected by temperature. In general, on
days when the temperature was higher, PM concentrations were lower and vice versa. In
case of both of these factors combining a higher PM concentrations is to be expected.

The concentration field of PM2s in Zadni Treban was generally low, the US EPA
limit was exceeded on less than 1 % of all measuring days. No sites with repeatedly high
PNC values have been identified. Continually highest PNC values were measured during
walk No. 7, which took place from 7 to 8 p.m.

UvoD

V malych obcich do 3 000 obyvatel Zije priblizné tfetina vSech obyvatel Ceské
republiky, zaroven vSak data o kvalité ovzdusi v nich bud’ nejsou dostupna viibec a nebo
jsou nepresna. Casto miZe byt kvalita ovzdusi v malych obcich horsi, neZ v okolnich
velkych méstech (Branis a Domasovd, 2003). Tomuto trendu, predevsim v zimni sez6né,
prispivaji lokalni topeniste.

Pii neptiznivych meteorologickych podminkach, jakymi je nizka teplota a nizka
rychlost vzduchu, miiZe zejména v obcich v kotlindch dochazet k akumulaci znecisténi ze
zdroji s nizkou emisni vySkou, mezi které lokalni topenisté patii (Tecer a kol., 2008).
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METODY MEREN{

Pro charakterizaci koncentracniho pole PM35 byla vyuzita kombinace stacionarniho
a mobilnfho méreni. Stacionarni méreni bylo realizovdno pomoci sedmi nefelometrt
Dust-Trak (model 8520, TSI) s impaktory pro PM3s, které byly rozmistény po obci Zadni
Treban tak, aby vytvorily rovhomérnou méfrici sit. Stacionarni méreni probihalo od 21.
12. 2021 do 3. 2. 2022. Integra¢ni doba méreni pro stacionarni méreni byla 1 min. Pri
mobilnich méreni byly méreny PM1, PM2.5, PM10 a poc¢etni koncentrace submikronovych
castic aerosolu pristroji DustTrak (model DRX, TSI) a P-Trak (TSI). Mobilni méteni
probéhlo 31. 1. 2021 v ramci sedmi priblizné 3km prochazek po stanovené trase v Zadni
Trebani. Integracni doba méteni pro mobilni méreni byla nastavena na 1 s. Pro zdznam
polohy pfi mobilnim méreni byla pouZita GPS (Garmin).

SoucCasné probihalo také méreni meteorologickych podminek, které bylo
uskute¢néno pomoci meteorologické stanice (model WMR300, Oregon Scientific).

VYSLEDKY, DISKUSE, ZAVERY

Celkova primeérna koncentrace PMzs na vSech stanicich za celé obdobi méfici
kampané byla 14 ug-m-3. To je niz$i hodnota nez drive namérené priimérné koncentrace
PM35 v roce 2003 ve Zloukovicich, kde byla préimérna koncentrace 26 pg'm-3 (Brani$ a
kol, 2007) PMz5 a v letech 2009 az 2010 v KoSeticich, kde byla primérna koncentrace
22,5 pg'-m-3 (Schwarz a kol, 2016).

Koncentrace PMz5 v obci byly vysoce heterogenni, a to jak ¢asové, tak prostoroveé. K
nejvysSim nartstim koncentraci PM2 ;5 dochazi v rannich a predevsim noc¢nich hodinach
a zaroven je mozné pozorovat vyssi koncentrace PM25 v centralnich c¢astech obce. K
prekroceni limitu US EPA pro 24h primérné koncentrace PM2 s doslo za dobu méreni
pouze 3x z celkovych 43 dni. K prvnimu prekroceni doslo ve dnech 22. a 23. 12. 2021
(Pribéh koncentraci v noci z 22. na 23. 12. viz Obr. 1), kdy byla namérena jedna z
nejnizsich teplot (-6 °C) a zaroven se jednalo o predvanocni obdobi, miizeme tedy
predpokladat, Ze bylo doma vice lidi neZ v béZné pracovni dny.
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Obr. 1: Graf priibéhu minutovych koncentraci PM2,5 v pg m=3 na Stanicich 1, 2,4,5,6 a7
od 18:00 22.12.2021 do 6:00 23.12.2021.

Zaroven bylo celé obdobi mérici kampané charakterizovano nizkymi rychlostmi
vétru, které v kombinaci s nizkou teplotou vytvotily zhorSené rozptylové podminky, a
doslo tak k akumulaci PM25 na tzemi obce. Nejednalo se ale o situaci, ktera by byla
ojedinéld v Zadni Trebani, k poklesu teploty a nariistu koncentraci PM:5 doslo
celorepublikové. Rychlost vétru byla hlavnim ¢initelem ovliviiujicim koncentrace PMz5 v
obci, pii rychlostech vétru priblizné nad 1 m+s! doslo k rozmyvani znecisténi, a tim
rychlému poklesu koncentraci PMz5 (Obr. 2), coZ bylo v souladu s vysledky studii
provedenych mezi lety 2013 a 2016 ve Wuhanu (Zhang a kol., 2017) a v roce 2001 v Los
Angeles (Zhu a kol.,, 2002).
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Obr. 2: Graf vlivu rychlosti vétru od 0 do 2 m+*s~1 na priimér koncentrace PM2,5 proloZen
kiivkami linedrni regrese pro kazdou ze Stanic 1, 2,4, 5,6 a 7.

vV

teplota v obci nastala mezi 26.a 27. 12, v tyto dny ale nedoslo k pfekroceni limitu US EPA.
Ackoliv byla splnéna podminka nizké teploty, rychlosti vétru byly v tento den vyssi nez
22.a23.12 ajeho smér se také castéji ménil, doslo proto k rychlejSimu rozptylu PMys.

Pro urceni miry prispévku lokdlnich topenist na 24h primérné hodnoty
koncentracniho pole PM25 v obci bylo nejprve nutné stanovit pozad'ové koncentrace PMz 5
na kazdé z lokalit pro kazdy den, jelikoZ nebylo provedeno méfeni na pozad'ové lokalité
(lokalita 5 - 20 km od obce, u které predpokladame minimalni ovlivnéni antropogennimi
zdroji). Z minutovych hodnot koncentraci byly pro kazdy den (od piilnoci do ptilnoci) a
urceny jako koncentrace pozadi (Brantley a kol., 2014).

Lokalni topenisté se ukazaly byt hlavnim zdrojem PM; 5 na vétSiné méricich stanic,
primérné prispévky za celé méreni na kazdé stanic viz Tab. 1.
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Tab. 1: Prispévky lokalnich topenist v ug-m-3 ke 24h koncentracich PMz s namérenych v
obci Zadni Tteban zpriimérované pro obdobi celé métici kampané.

st.1 St. 2 st.3 St. 4 St.5

Prum. za celé

vy . 9 10 7 8 8
meéreni

Primérny relativni piispévek topenist k PMzs za celé obdobi méfeni na vSech
stanicich byl 61 %. Mobilni méreni neodhalilo Zadné hot spoty PM25 ani PNC, byly vSak
identifikovana mista, které byly opakované ovliviiované riznymi zdroji PM2s. Na téchto
mistech se nachazely mérici pristroje stacionarniho métenti, které opakované
zaznamenavaly vys$si koncentrace PMz s neZ pristroje mimo tyto lokality.

Nutné je zminit, Ze vysledky mobilniho méreni nemohou byt vztazeny na celé
obdobi métici kampané, jelikoZ se jedna o relativné kratky usek méreni. Stejné tak
stacionarni méreni poskytuje ildaje pouze o daném obdobi (zima 2021).

ZAVERY

Z dat ziskanych ze stacionarniho meéreni koncentraci PM;s na izemi obce Zadni
Treban bylo zjisténo, Ze lokalni topenisté jsou majoritnim zdrojem PM3zs v obci v
zimnimobdobi. Jejich prispévky na celkové koncentrace PMz s se pohybovaly od 48 do 72
% (pramérné 7 az 10 pg-m-3).

Koncentrace PMs jsou zavislé na meteorologickych podminkach. S rostouci
rychlosti vétru namérené koncentrace PM; 5 klesaji, naopak s klesajici teplotou rostou. Je
proto moZné ocekavat, Ze stabilnim charakteru pocasi, kdy jsou nizké rychlosti vétru a
zaroven nizka teplota, budou koncentrace PMz5 v obci nartstat.

Mobilni méreni potvrdilo ¢asovou heterogenitu koncentraci v obci a doplnilo
poznatky o prostorové heterogenité. Ackoliv nebyly identifikovany Zadné hotspoty, byly
stanoveny oblasti se zhorSenou kvalitou ovzdusi. Na téchto lokalitach bylo také
identifikovano nejvice moznych zdroji PM2s v podobé lokalnich topenist.
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INTRODUCTION

Anthropogenic aerosols are shown to have a great impact on marine ecosystems and
human health, with the shipping industry contributing as a significant source of these
emissions, and annual growth on the rise. In the marine environment, shipping emissions
often dominate atmospheric deposition of sulfur. With around 70% of shipping activity
being carried out within 400 km of the coast, its contribution to atmospheric sulfur is of
great interest. The International Maritime Organisation (IMO) introduced a regulation on
01/01/2020 restricting global marine fuel sulfur content from 3.5% to 0.5% w/w.

The vanadium/nickel (V/Ni) ratio has been widely used as a marker of shipping
emissions, with the range of 2.5 to 4 indicating shipping activity. The regulation has called
into question the viability of the earlier use of the V/Ni ratio.

EXPERIMENTAL SETUP

The present study investigated the changes in marine aerosol chemical character
around Penlee Point Atmospheric Observatory (PPAO; 50°19'N, 4°11’ W) to gain insight
into the efficacy of the IMO-2020 regulation. The observatory in Southwest England is
ideally located next to a shipping lane with high marine traffic. Aerosol filter samples were
collected from 2020-2021 (n=53). Filter samples were water-leached and subsequent
leachates analysed for major ions using lon Chromatography (IC), and trace elements
using Inductively Coupled Plasma - Mass Spectrometry (ICP-MS). Concentrations of V/Ni
and calculated non-sea-salt sulfate (nss-S042-) were compared to PPAO datasets from
2015-16 (n=56) and 2017-18 (n=51) respectively. Where possible, HYSPLIT air mass
back trajectories were run (Stein et al., 2015).

RESULTS AND CONCLUSIONS

Trace element analysis showed a drop in median V from 2.91 pmol/m?3 to 1.44
pmol/m3, and Ni increase from 0.95 pmol/m3 to 4.8 pmol/m3 with the decrease of V being
in line with a similar post-IM0-2020 study in China (Guangyuan et al., 2021). Median V/Ni
ratio post-IMO decreased from 3.3 to 0.28.

Post-IM0O-2020 nss-SO4% concentrations were significantly lower than pre-IMO-
2020 values (n=109, p<0.05), which was observed throughout all classified air masses,
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with total median nss-S042- concentration dropping from 1.35 pg/m3 to 0.33 pg/m3 (Fig
1.).
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Figure 1. (a) Pre- and post-regulation nss-S042;, (b) Pre- and post-regulation V/Ni ratios.
Horizontal lines represent previous ratio range for shipping emissions.

Results from the major ion analysis suggest great differences in marine atmospheric
nss-S042- post-regulation, pointing towards a noticeable decrease in nss-S042- around
PPAO, potentially influenced by the S regulation. Trace element results indicate a drastic
change in V/Ni ratios, far different from the generally agreed-upon range of 2.5 to 4. The
results have presented a need to further investigate the viability of the V/Ni ratio as a
marker of shipping emissions, where the previous ratio must be re-evaluated.
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SUMMARY

This study assesses the variability of organic aerosol (OA) sources monitored at
the rural background site Frydlant. Non-refractory PM; was evaluated in two seasons of
2021. The positive matrix factorization with the multi-linear engine was used to
determine the sources of OA at Frydlant site, with four factors resolved both in winter and
summer.

UvoD

Zdroje jemnych atmosférickych aerosolii (PM1), resp. organickych aerosolii (0A)
v ovzdusi Stredni Evropy jsou urceny jen velmi hrubé. Cilem této prace proto bylo
zhodnotit vyvoj koncentraci PM1 a OA spolu s variabilitou jejich zdroja sledovanych na
venkovské pozad'ové stanici, Frydlant (50°56"26"N, 15°4’11"E, 366 m n. m.) ve dvou
obdobich roku 2021. Zimni kampan probéhla od 17.1. do 12.3. aletni od 29.6. do 24.8.

METODY MEREN{

Méreni pristrojem compact-Time of Flight-Aerosol Mass Spectrometer (c-ToF-
AMS, ktery stanovuje v 5minutovém kroku nerefraktorni ¢ast frakce PMi: - NR-PMj,
Drewnick a kol., 2005), byla doplnéna o minutova méteni ekvivalentniho ¢erného uhliku
(eBC) pomoci aethalometru (Model AE33, Magee Scientific, Berkeley, CA). Ve vodé
rozpustné ionty (SO0%”) v PM;i byly vzorkovany s 24hodinovym ¢asovym rozliSenim
pomoci nizkoobjemového vzorkovace Leckel (LVS-3, IC).

Metoda positive matrix factorization (PMF) with multi-linear engine (ME-2) byla
aplikovana na 30minutovd hmotnostni spektra organickych latek mérena AMS (po
aplikované korekci na ucinnost odbéru tzv. collection efficiency - CE pomoci SO%~
stanoveného iontovou chromatografii ve vzorku PM1) za ticelem rozdéleni OA na rizné
faktory z hlediska jejich hmotnostnich spekter a ¢asovych rad. Ke spusténi PMF i ME-2 byl
vyuzit program Source Finder (SoFi), konkrétné SoFi Pro (Canonaco a kol., 2013).

VYSLEDKY

Celkové koncentrace PM1 byly v 1été vice neZ 2x vyssi nez v zimé. V obou sezénach
tvoril OA nejvétsi podil PM;, v zimé byl doplnén zejména o dusi¢nany a v 1été o sirany.
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Celkové koncentrace Cl~ a eBC byly vyrazné vyssi v zimé, a to zejména kvili vyraznému
vlivu lokalnich topenist na kvalitu ovzdusi na hodnocené stanici (Tab. 1).

Tab. 1: Pouzité CE, median koncentraci sledovanych veli¢in (pg-m-=3), a jejich podil na
celkové hmoté PM; ve srovnavanych sezonach.

Zima (CE = 0,29) Léto (CE = 0,68)
Slozka pug-m-3 podil (%) pg-m-3 podil (%)
PM;, 5,5 11,7
0OA 1,7 31 7,0 60
S02- 0,7 13 2,6 22
NO; 1,4 26 0,6 5
NH; 0,7 12 1,1 9
Cl- 0,1 3 0,02 0,2
eBC 0,9 15 0,4 3

V programu SoFi byly pro zimni sezénu identifikovany ¢tyti zdroje OA. Tti z téchto
zdrojd, uhlovodikové aerosoly (hydrocarbon-like organic aerosol, HOA) spalovani
biomasy (biomass burning organic aerosol, BBOA) a spalovani uhli (coal combustion
organic aerosol, CCOA) patri do skupiny zdroji primarnich. Posledni faktor, oznaceny
jako oxidovany organicky aerosol (oxidized organic aerosol, O0OA), patfi do skupiny
zdrojl sekundarnich. Pro letni sezénu byly identifikovany rovnéz ctyii zdroje OA. Dva z
téchto zdroji byly oznaceny jako primarni (HOA a BBOA). Sekundarni zdroje byly rovnéz
dva, vice oxidovany organicky aerosol (more oxidized organic aerosol MO-00A) a
¢astecné oxidovany organicky aerosol (less oxidized organic aerosol LO-O0A).
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SUMMARY

Residential heating by solid fuel combustion in small settlements has great
potential to degrade air quality, especially PM2s emissions, during the winter heating
season, to such an extent, that WHO and US-EPA limits for PMz s are frequently exceeded.

During the 14-day measuring campaign in the village Druzec, Kladno district, using
a stationary network of 6 monitors measuring minute concentration of PM2 5 and a mobile
measurement of PNC and PM2s at 1Hz acquisition rate, there were found significant
temporal variability and spatial heterogeneity of the PM2 5 concentration field. Campaign
average exceeded the 24h limit for PM2s5 (US-EPA, 35 pg-m-3) at the primary school
garden. In the other sites, the limit was usually exceeded occasionally except one day,
when the limit exceedance was recorded in all the sites as well at the whole area of the
Czech Republic. The analysis of time course of minute values of PM25 shows that the
residential heating increased PM2 5 concentrations on average by 40-49% (6-10 pug-m-3)
or 61-72% (16-25 pg-m-3) at background or exposed sites, respectively. PM25 values
decreased exponentially with wind speed up to 2 m-sl, when they stabilized at
8-16 ug'm3. At the microscale of the village, there were also found spatial and temporal
heterogeneity of PM2 5 and aerosol particle concentrations PNC. That was found by mobile
measurement, during seven identical walks during one day. There were identified hot-
spots for PM25 with max values over 1000 pg-m-3. Concurrent photos of the smoking
chimneys of the residential heating boilers confirmed the residential fuel combusting
being the main cause of PNC and PM3 5 variability and dominant source of PMz s in ambient
air in the village.

UvoD

Zatimco ve vétSich sidlech jako jsou mésta a velkomésta, kde je vytapéni velkého
mnozstvi domovi vice centralizované do teplaren, s kominy s vysokou emisni vyskou,
nebo je zde vice alternativ k tuhym paliviim ¢i dostupnéjsi jiné zpisoby vytapéni, tak
naopak na venkové je stdle spalovani tuhych latek v lokalnich topenistich hlavnim
zdrojem energie, a tedy i zneciSt'ujicich latek v ovzdusi (Szidat a kol., 2007). V obdobi
nejvétsiho spalovani tuhych latek, tedy béhem topné sezény, tak dochazi k vytvoreni
velké emisni mohutnosti znecistujicich latek z lokalnich topenist s nizkou emisni vyskou,
kdy se tyto emise mohou hromadit, obzvlast béhem stabilniho razu pocasi, v ptizemni
vrstvé vzduchu v obci (Wallace a kol., 2010). MiiZe tak dochazet k ¢astému piekracovani
zdravotné nezavadnych imisnich limitli urc¢ené organizacemi US-EPA nebo WHO.

Cilem této studie bylo promérit koncentracni pole PM25 béhem topné sezény
v obci Druzec, okres Kladno, pomoci 14denni mérici kampané (od 4. 2. 2021 do 19. 2.
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2021) skladajici se ze stacionarniho méreni minutovych koncentraci PM2.s probihajici po
celou dobu kampané a jednodenniho mobilniho méreni vtefinovych koncentraci PMzs a
PNC. Ze ziskanych dat poté stanovit a vyhodnotit dynamiku koncentra¢niho pole PMzs
v obci porovnanim s 24hod. limitem pro PM25 US-EPA (35 pg-m-3) a urcit vliv, predevsim
lokalnich topeniSt a meteorologickych podminek (teploty a vétru), na koncentra¢ni
hladinu PM:;s. To doplnit o zjiSténi z mobilniho méreni vterinovych koncentraci PMz;s a
PNC, v podobé lokalizovani isekil s opakovanymi vyraznymi maximy PMz s, tzv. hot-spot
PM3 5, a pomoci fotografii a soubéZného méreni PNC urcit zdroj PMzs.

METODY MEREN{

Stacionarni méreni bylo provedeno s vyuzitim 6 nefelometrd DustTrak™ (TSI,
DustTrak™ Aerosol monitor, model 8520) mérici PM2s5 smezi detekce 1 pgm3,
rozmisténych v intravilanu obce Druzec na zpristupnénych pozemcich obcanta (Obr. 1).
Méreni meteorologickych podminek, jako je teplota vzduchu (Comet 200-80/E), rychlost
a smér vétru (Wind-Sonic M, Gill), relativni vlhkost, tlak a prikon radiace, bylo méreno
meteorologickou stanici simultanné. Integracni doba méreni byla 1 minuta. Stacionarni
sit byla koncipovana tak, aby se 2 aerosolové monitory DustTrak™ nachazely ve vyssich
polohach na okraji intravilanu (stanovisté 1 a 6), kde byl ocekdavan nejmensi vliv
antropogennich zdroji PM;s, tato stanovisté se méla stat pozadovymi (skutecnymi
pozad'ovymi stanovisti byla stanovisté 5 a 6).

Mobilni méreni bylo provedeno s vyuZitim nefelometru DustTrak™ DRX (TSI,
DustTrak™ DRX Aerosol monitor, model 8533) mérici PM25 s mezi detekce 1 pg-m3,
kondenzacnim ¢itacem castic P-Trak® (TSI, P-Trak® Ultrafine Particle Counter, model
8525) méftici pocet submikronovych castic o velikosti 0.02 <d <1 pm (dale jen ,'PNC")
s mezi detekce 0 cm=3 a GPS trackerem GPSMAP® 64s (GARMIN, GPSMAP® 64s). Tyto
pristroje byly umistény v upravené krosné na zadech chodce s dstim odbérovych hlavic
v celkové vySce cca 2 m. Mobilni méreni probéhlo formou 7 prochazek po jedné trase
vedouci intravildinem a z mensi ¢asti také extravildnem obce (Obr. 1). Integrac¢ni doba
meéreni byla 1 sekunda.

Vliv lokdlnich topenist na koncentra¢ni hladinu PM2s byl urcen s vyuzitim
potencialniho podilu lokalnich topenist k primérné denni koncentraci PMzs. Potencidlni
podil lokalnich topenist k prlimérné denni koncentraci PM2s na stanovisti je definovan
jako
fttlz Cst.(1) dt_fttlz €Qq.1 poz. st.(t) dt

[ ese (0 dt

kde t1 je Cas pocatku dne a t; ¢as konce dne. cs:. (t) je koncentrace PM2 s na stanovisti
v Case t a cqo.1pozst. (t) je decil koncentrace PMz 5 za 24h interval na pozad'ovém stanovisti
s nejnizsi primérnou denni koncentraci PM; 5 v Case t, predstavujici, ,prirozené” pozadi
ovzdusi v obci (Brantley a kol., 2014). Potencialni prispévek lokalnich topenist’ [ug-m-3] k
primérné denni koncentraci PM2 5 na jednotlivych stanovistich byl spo¢ten vynasobenim
potencialniho podilu lokalnich topenist k primérné denni koncentraci PMzs a primérné
denni koncentrace PM:s na jednotlivych stanovistich. Vyuziti této metodiky bylo
provedeno za podminek, kdy se v oblasti méreni vyskytoval pouze jeden dominantni typ
zdroje PM2 5 (lokalni topenisté) se zanedbatelnym zasahovanim jiného typu zdroje PM2s
(doprava). Pocetnost a frekvence priijezdi automobilti obci byla v dobé provadéné métici
kampané sniZena i z dlivodu epidemiologickych opattenich proti Sifeni koronaviru.

Potencialni podil = (D)
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Obr. 1: Letecky snimek obce DruZec s lokalizaci Sesti stanovist méreni PM3s a

trasou mobilniho méreni.

VYSLEDKY A DISKUSE

Nadlimitni primérné denni koncentrace PM:s5 ve sledovaném obdobi se
predevsim vyskytovaly za nizkych teplot (Obr. 2), nizké rychlosti vétru (Obr. 3) a
rostouciho tlaku vzduchu. V takové situaci se emise Skodlivin ze zdroji s nizkou emisni
2016). Vznikla
meteorologickd situace stabilniho rdzu pocasi potlacuje vliv dalkového transportu
Skodlivin (Wallace a kol., 2010; Bendl a kol., 2017).

Zaroven ale dne 15. 2. k tomuto zhorSeni rozptylu skodlivin doslo i v regionalnim

vySkou hromadi v prizemni vrstvé vzduchu (Hovorka a kol,

meéritku na celém uzemi CR v diisledku stabilniho razu pocasi, charakterizovany nizkou

obla¢nosti a slabym vétrem z diivodu vyskytu tlakové vyse nad stiredni Evropou (CHMI,

2021).
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Obr. 3: Exponencidlni regrese primérné koncentrace PM2 s v intervalu rychlosti vétru
na stanovisti 1 (zelend), 2 (Cervend), 3 (oranzova), 4 (Zlutd), 5 (¢ernda) a 6 (modra).
Druzec, 4. - 19. 2. 2021.

Primérné denni koncentrace PM:s na nékterych stanovistich v DruZci byly
v obdobi mérici kampané vyssi nez republikové priméry PM;s. Dlivodem tohoto zvyseni
koncentrace PMz;5 byly emise lokdlnich topenist na pevna paliva, jejichZ kominy usti
nékolik metrd nad zemi. To bylo zjisténo z ¢asového priibéhu koncentrace PMz s, kdy se
koutova vlecka ze zdroje PM25 v kratké vzdalenosti od monitoru projevovala rychlym
vzristem a poklesem kratkodobych vysokych koncentraci PM2s (Brantley a kol., 2014).
Emise z lokalnich topenist v priiméru zvysSovaly koncentrace PM:s ze 40-49 % na
pozad’ovych stanovistich a ze 61-72 % na ostatnich stanovistich. Tomu odpovida zvyseni
denni koncentrace PMz5 0 6-10 pg-m-3 na pozad’ovych stanovistich oproti 16-25 pg-m-3 na
ostatnich stanovistich (Tab. 1).

Mobilni méfeni bylo provedeno ke konci epizody chladného pocasi, dne 15.2.2021,
kdy ranni teplota klesla az na -24 °C. Béhem 1. a 2. prochazky byly naméreny jak nejvyssi
maximalni, tak i primérné koncentrace PM2 s a nejvétsi mistni rozdily (Tab. 2). Béhem
dne pak dochazelo k poklesu a postupnému vyrovnani hladin koncentraci PM3s,
zapoCatému v Case mezi 2. a 3. prochazkou, respektive mezi 10 a 11 hodinou. Vyssi
hodnoty koncentrace PM: s jako v rannich ¢asech bylo opét moZzné namérit v priibéhu 6.
a 7. prochazky. Z opakovani prochazek vyplyva, zda k vysokému navyseni koncentrace
PM2. s dochazi opakované na nékterych tsecich, tzv. hot-spot PM2 5. Takovychto useki bylo
objeveno 5 a nejvyssi namérené koncentrace PM» 5 v téchto hot-spotech byly 10krat az
40krat vyssi, nezli je 24hod. limit US-EPA pro PMz:.
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Tab. 1: Potencialni prispévek [ug'm-3] a podil [%] lokalnich topenist k primérné denni
koncentraci PMzs na 6 stanovistich, Druzec 4. - 19. 2. 2021. NA znamena vypadek dat.

Starvmviét Stanovisté Stanovisté Stanoviéts 4 Stanovisté  Stanovisté
el 2 3 5 6

Datum [Tg/l_ii [% PMas o ﬂ;ﬁ_ [% PMas o PMas o0 PMas (o

3] 1 [ngm?] 3] I [pgm?3] Hgm3 hgm
422021 13 81 43 ?L 13 813 NA NA 8 73 1 25
5.2.2021 19 56 18 :: 20 g NA NA 4 21 4 21
6.2.2021 7 37 9 ;L 12 g NA NA 1 8 3 20
7.2.2021 12 55 14 ES; 18 2 NA NA 2 17 11 52
8.2.2021 15 60 14 g 17 g NA NA 2 17 12 55
9.2.2021 18 60 18 8 18 8 NA NA 2 14 15 56
10.2.2021 23 74 21 ; 18 8 NA NA 1 11 15 65
11.2.2021 5 36 27 ; 18 ? 15 63 4 31 7 44
12.2.2021 31 91 33 3 31 2 20 87 10 77 15 83
13.2.2021 16 73 34 g 26 ;3 21 78 11 65 9 60
14.2.2021 28 74 36 ; 30 g 12 55 12 55 22 69
15.2.2021 44 64 51 ? 42 g 21 46 14 36 30 55
16.2.2021 13 52 24 ? 16 g 22 65 11 48 10 45
17.2.2021 3 33 15 Z 7 i 10 63 8 57 2 25
18.2.2021 7 78 26 3 19 2 18 90 9 82 4 67
19.2.2021 5 56 20 E3; 10 Z 9 69 2 33 3 43
Primér 16 61 25 Z 20 563 16 68 6 40 10 49
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Tab. 2: Zacatek, konec, maximalni, minimalni, primérna a median koncentrace PMzs
béhem jednotlivych prochazek, Druzec 15. 2. 2021.

. Primeér Median
Prochazka  Zacatek Konec I\/I[ax..rl;l\-/ii_5 Nim'_ill\gi'S PM3s PMzs
H8 H8 [ugm3]  [pgm]
1 6:52 7:40 1334 73 136 118
2 8:54 9:40 881 131 226 211
3 11:01 11:47 282 60 102 88
4 12:40 13:30 257 69 84 81
5 14:48 15:40 380 94 123 117
6 17:03 18:00 487 88 133 117
7 19:04 20:02 697 107 150 195
ZAVER

Stacionarni méreni v obci DruZec odhalilo vyraznou heterogenitu koncentra¢niho
paliva. BEhem Spatnym rozptylovych podminek, charakterizovanych nizkou rychlosti
vétru a nizkou teplotou vzduchu, dochazelo ke zvyraznéni heterogenity koncentracniho
pole PM2 5, a k béZnému prekracovani 24hod. limitu US-EPA pro PMzs v obci. Zarover bylo
odhaleno, Ze i hluboko v intravilanu obce 1ze mit ovzdusi s nizkymi koncentracemi PM;s.

Méreni minutovych koncentraci PMz s ze stacionarniho méreni neodhali variabilitu
koncentra¢niho pole PM2 5 v mikrométitku obce v okamziku méreni, k tomu bylo vyuzito
mobilni méreni vterinovych koncentraci PM;s, které rozsirilo nahled do zminéného
mikroméritka obce a vysledky mérici kampané obohatilo o tiseky opakovanych vysokych
koncentraci PMz;s, hot-spoty PM2s. Spolecné s dokumentovanim mobilniho méreni byla
lokalni topenisté potvrzena jako dominantni zdroj PM25 v obci.
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INTRODUCTION

Soon after the outbreak of the coronavirus crisis in the Czech Republic and the first
lockdown (2020), we enthusiastically decided to fight the coronavirus with scientific
means. Originally materials engineers, we decided to develop an effective protective
respiratory device, which was in short supply at the time. We soon found out; (1) that
every textile material (handkerchief 10%) has a certain ability to catch an aerosol particle
carrying the corona virus, (2) the slower the aerosol particle (d<300 nm) passes through
the filter, the greater the chance it has of being caught, (3) with the thickness of the filter,
the amount of passed particles decreases exponentially and breathing resistance
increases linearly. On this basis, we decided to experiment with a large-area filter placed
on the user's back (it wouldn't fit anywhere else) and commercially available textile filter
material.

EXPERIMENTAL SETUP

We chose the filter material from commonly available textile materials. The two
candidates included cotton (T-shirt) and polyester knit with a fleece finish (blanket). A
filter cartridge with an area of 1200 cm? was assembled from both filter materials, which
is eight times the area of the respirator. Filter efficiency and pressure drop at an air flow
of 95 Ipm (hard physical work) were tested for the cartridge set up in this way.

Subsequently, we optimized the size and useful properties of the filter cartridge.
We assembled 25 filter cartridges with an area corresponding to (1, 2, 4, 6 and 8 times the
size of the mask) with 1, 2, 4, 6 and 8 layers of knit polyester fleece. The selected filter
cartridge, which resembled the book "2nd edition Aerosol Technology-W.C.Hinds" in size,
was placed in a backpack and connected to a rubber half-mask with hoses. The resulting
filter set (Fig. 1) was subjected to a pressure drop test and a 1000 m run.
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Fig. 1: A) cartridge frame before wrapping with fleece polyester knit, B) filter set, C)
diagram of the filter cartridge in the backpack

RESULTS AND CONCLUSIONS

Already the first assembled filter in April 2020 showed a high filtration efficiency
(95%) when using a knit polyester fleece as the filter material. Knit polyester fleece has
been shown to have a similar Q factor (ratio of aerosol passed to pressure drop) as
nonwovens used for filtration (Zhao et al. 2020, Fraenkl et al. 2022). The results of the
filtration efficiency measurements for the 25 cartridges we set up are shown in Fig. 2
(Fraenkl et al. 2022). The optimum for use in the filtration set was a cartridge with an area
of 900 cm? whose size resolved filtration efficiency can be found in Figure 3 (Fraenkl et

al. 2022).

Filtration efficiency

layers

8 95.7:1 1 96.7" 1 98.1 988 991 >99%
6 89.9 | R9S38 ROLSH R97.60 R983 >95%
4 869 890 940 885 940 > 80 %
2 354 736 67.2 856 69.7 < 80 %
1 305 434 609 688 654

95 Umin

1 2 Bl 6 8 — equivalent size
150 300 600 900 1200 — area cm?

Fig. 2 shows the filtration ability of the PES fabric depending on the filter area, which was
varied as multiples of the area of 150 cm? (the size of the mask) and the number of layers of
filter material (adapted from Fraenkl et al. 2022).

44



Size-resolved filtration efficiency

95 Umin
nea area 900 cm? ;
X 8 layers ) L
> 1T7T + \
(¥ = “I _ ‘ .= O
: o oo [l
O~y ‘ Q. »
2 9nst r§<.>h~;a,"1%...'?‘[& _
£ 2 1Y old{ 1YY
- Y 14
c 1
) |
‘6 ) §
£ 95t
=
Y test according to
EN 149:2001+A1:2009
Ced b PEPETEES PP TTTeTY | Asaal

50 100 200 300 400
Particle diameter [nm]

Fig. 3 shows the experimental curve of the filtration efficiency as a function of the particle
diameter for the filter cartridge six times the size of a standard mask (900 cm?) with eight layers
of PES fabric. A red star represents a measurement of accredited laboratory VUBP.

The assembled filter kit shows a low pressure loss of 84 Pa at a flow rate of 95 Ipm,

while only a quarter of about 19 Pa falls on the filter cartridge, the rest on the hose and
half mask (Fig. 4). Low pressure loss means easier breathing and less bypass air.

Air flow (30,95) L/min
G ) ) (Q

7

at 30 Umin at 95 Umin

Filter cartridge + bag 5Pa 19 Pa
Hosses 4 Pa 14 Pa
Halfmask 21 Pa 51 Pa
Total 30 Pa 84 Pa

Fig. 4 shows the pressure drop of the filter kit and its components at volumetric flow rates
of 30 and 95 L/min, which correspond to air inhalation during light and heavy physical
exercise, respectively. The cross-section of the filter cartridge is shown.
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According to a Canadian study, the filtering kit we designed shows better results
in terms of pressure loss and filtration efficiency than 41 out of 43 commerecially available
respirators according to a Canadian study from 2020 (Brochot and Bahloul 2022).

A big advantage of the filtering kit is the "unlimited" lifetime. Fleece knit is a
mechanically resistant material. As we have shown, compared to filters made of non-
woven fabrics, polyester fleece knit can be regenerated very simply by boiling or washing
(at least 10 times) without loss of filtration efficiency (Fraenkl et al. 2022).

Because it can be easily regenerated, our proposed solution has the potential to
reduce the environmental impact and simplify access to high-quality respiratory
protective devices for health care workers, especially in low-and middle-income countries
or in crisis situations.
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INTRODUCTION

Climate change and reduction of CO; emissions drives the need to replace fossil fuels,
especially coal from use in power generation. This change presents known challenges for
power plant operators. Power plants that fire biofuel or waste have been shown to suffer
from boiler and heat exchanger surface degradation due to corrosion. This problem can
be mitigated using additives, co-firing of biomass and coal or lowering combustion
temperature. These methods aim to eliminate the formation or adsorb the corrosive
species. Evaluating the effectiveness has been mainly carried out by inspecting the boiler
and heat exchanger surfaces after some time of operation, which makes optimization of
the process slow and expensive. In this work, we present instrumentation and a method
how to measure the corrosive species directly from combustion zone. In addition, we will
present measurement results from using this method in a modern biomass power plant.

EXPERIMENTAL SETUP

The used instrumentation can be divided into two parts, the sample conditioning
system and the measurement instrumentation. The key component of the sample
conditioning system is a patented high temperature probe, which allows sampling from
up to 1200 °C. The high temperature probe (Fig. 1) operates as follows: A high
temperature sample is drawn from combustion zone into the probe where it is
immediately diluted, and the temperature is dropped to ~200-400 °C in a controlled
fashion.

Probe

cooling
Probe g
air in

cooling *
air out

Porous diluter

hot dilution area
Heater element

Combustion zone

Fig. 1: Dekati High Temperature Probe operating principle
This temperature drop is similar to what happens on boiler and heat exchanger

surfaces. In the high temperature probe however, the corrosive species are captured in
particulate form instead of depositing on surfaces. The high temperature probe is
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followed by the Dekati eDiluter Pro, which acts as the pump of the sample conditioning
system and further dilutes the sample while dropping the sample temperature to ambient
level. The diluted sample is then measured with the Dekati Electrical Low-Pressure
Impactor (ELPI+) which measures the particulate concentration and size distribution
from 6nm to 10pum in real time (Jarvinen et al., 2014). It has been found in previous studies
that if corrosive species are present, they form a distinctive nucleation mode which can
be measured with the ELPI+ instrument. Subsequent chemical analysis is typically used
to understand the source and nature of the corrosive species. Chemical analysis can be
carried out from samples collected on the ELPI+ collection substrates or from a parallel
gravimetric collection instrument.

RESULTS AND CONCLUSIONS
The High Resolution ELPI+ particle size distribution results from a modern biomass

power plant (Fig. 2) showed significant differences between different load points,
especially for the relative size of the nucleation mode.

leg

= 100%

dN/dlogDp (1/em3)

Dp (um)

Fig. 2: High Resolution ELPI+ distributions of three load points

The proposed method and instrumentation allow fast tuning of process parameters
with the aim to reduce the use of additives and coal in co-combustion, while increasing
the combustion temperature. Therefore, the overall efficiency of the plant can be
increased while reducing the harmful effects of corrosion. Using this method in the
modern biomass power plant showed the effect of combustion zone sampling location
and power plant load on concentration and size of produced particulates.
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SUMMARY

The long-term effects of exposure to nanoparticles in humans are not known, and
experimental data suggest oxidative stress and cellular damage. In practice, there is a lack
of guidelines for biomonitoring the effects of worker exposure to nanoparticles. Over the
past 10 years, our group has studied oxidative stress markers in several exposed groups
of workers. Aerosol exposure has been monitored during the following work activities:
nanoTiO; production (2012 and 2013), Fe oxide pigment production (2013), and
nanocomposites research (2016-2020). Both online and offline instruments were used
for the studies, including the Berner Low Pressure Cascade Impactor (BLPI), gravimetric
analysis, Scanning Mobility Particle Sizer (SMPS), Aerodynamic Particle Sizer (APS),
Condensation Particle Counter (CPC), and other instruments as described in our
publications.

Elemental contents were analyzed by scanning electron microscopy/energy
dispersive X-ray spectroscopy (SEM /EDS). The total particle number concentration
ranged from 1.98x10% to 5.4x105/cm3 and the nanoparticle fraction was 40-95%. Panels
of oxidative stress biomarkers in the form of lipids, nucleic acids and protein damage were
analyzed in exhaled breath condensate (EBC), plasma and urine pre-shift and post-shift
using liquid chromatography-electrospray ionization tandem mass spectrometry (LC-
ESI-MS /MS). Markers for oxidation of lipids, nucleic acids, and proteins in EBC and
plasma were already elevated in pre-shift samples (p < 0.05) of workers compared to
controls and showed additional post-shift elevation. The best time to collect all samples
is post-shift at the end of the work week. Then, markers of oxidative stress in all three
biological fluids, including urine, reflect both acute (cross-shift) and chronic effects of
exposure.

UvoD

Zdravotni UCinky expozice nanocasticim na clovéka nejsou dosud znamy,
experimentalni idaje dokumentuji oxidacni stres a poskozeni bunék v souladu s nalezem
zvysSenych markerl oxidacniho u pacienti se silik6zou plic a nemocemi z azbestu, tedy s
expozici prokazanym karcinogeniim pro clovéka (Pelclova et al. 2007, 2008). Pres rychle
rostouci pocet osob exponovanych nanocasticim je pocet publikaci velmi nizky a zcela
chybi doporucené postupy pro biomonitoring vlivu expozice nanocasticim na pracovniky
(Liou etal. 2017).

METODY

Béhem poslednich 10 let studovala naSe skupina markery oxida¢niho stresu
v biologickém materialu u nékolika skupin exponovanych pracovniki. Expozice aerosolu
byly méreny u téchto pracovnich operaci: vyroba pigmenti nanoTiO; (2012 a 2013),
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vyroba pigmentli Fe-oxid (2013) a vyzkum a priprava nanokompozitnich materiali
(2016-2020). Soubézné byli v roce 2013 vySetieni zaméstnanci z kancelari, kontrolujici
provoz vdilnach sTiO2 po 15 min pracovni doby denné, a ve vSech letech také
srovnatelné velké kontrolni skupiny ze stejné lokality bez expozice nanomaterialtim.

V kondenzatu vydechovaného vzduchu, plazmé a moci byly analyzovany biomarkery
oxidativniho stresu z poskozeni lipidii malondialdehyd (MDA) a 8-isoProstaglandinF2a
(8-isoprostan); markery oxidace nukleovych kyselin 8-hydroxy-2-deoxyguanosin (8-
OHdG), 8-hydroxyguanosin (8-OHG), a 5-hydroxymethyl uracil (5-OHMeU); a markery
poskozeni proteinli o-tyrosin (o-Tyr), 3-chlorotyrosin (3-CLTyr) a 3-nitrotyrosin (3-
NOTyr).

Tab. 1 Charakteristika vySetfovanych osob a zakladni parametry expozice.

Hmotnostni Pocetni
& : Doba koncentrace
Pocet Vék Podil nano expozice koncentrace v
osob Eastic })den (median) (median)
mg/m? No/cm?3
TiOz22012 20 | 34:8 80 % 7.5 hod 0,65 19 800
délnici
TiOz 2013
14 34+5 7,5 hod 0,40 23 200
délnici 80 %
T,l?z 21:!1_3 22 44+4 80 % 15 min 0,40 23 200
urednici
Fe-oxidy 2013
14 43+8 7.5 hod 0,083 66 800
délnici 80 %
Nanokompozity|
vyzkumnici 61 |40+12| 40-95 9% 3,0 hod 0,12-1,84 48 000-540 000
2016-2018
Kontrely 2012-| Srovnatelny pocet osob, Bez expozice nanoéisticim
2018 vék, pohlavi p
VYSLEDKY A DISKUSE

Udaje o expozici jsou uvedeny v Tab. 1. Markery oxidace lipidfi, nukleovych kyselin a
proteint byly zvySeny v biologickych vzorcich od pracovniki jiz pred sménou (p<0,05) ve
srovnani s kontrolnimi osobami. Efekt byl jesté vyraznéjsi po sméné, kde byly zvySeny
markery u vSech skupin osob proti kontrolni skupiné (Pelclova et al., 2020). Jedinou
vyjimkou byl 8-isoprostan u pracovnikl z kancelaii provozu TiO», i zde vSak marker
vykazoval obdobny trend, viz Obr. 1.
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0
8-isoprostane  8-OHAG 8-0HG 5-OHMeU o-Tyr 3-ClTyr 3-NOTyr
ng/mL ng/mL pg/mlL pg/mL pg/mL pg/mL pg/mL pg/mL

Obr 1: Markery oxida¢niho stresu v kondenzatu vydechovaného vzduchu u profesionalné
exponovanych skupin pracovniki na konci pracovni smény a v kontrolni skupiné. MDA =
malondialdehyd, 8-isoprostane = 8-isoProstaglandinF2a, 8-OHdG = 8-hydroxy-2-
deoxyguanosin, 8-OHG = 8-hydroxyguanosin, 5-OHMeU = 5-hydroxymethyl uracil, o-Tyr
= o-tyrosin, 3-CITyr = 3-chlorotyrosin, 3-NOTyr = 3-nitrotyrosin.

Vzorky moci vykazovaly stejny trend, avSak bez statistické vyznamnosti a bez zvySeni po
sméné. NasSe data byla porovnana se studiemi jinych vyzkumnika a EBC a plazmatické
markery oxidacniho stresu mérené vysoce citlivymi metodami LC-ESI-MS/MS souhlasily
s nasimi daty a vykazaly narist ihned po sméné (Wu et al. 2021), na rozdil od markert v
moci, které se zvysuji aZ o 24-vice hodin pozdéji (Zhang et al. 2022).

ZAVERY

Markery oxida¢niho stresu mohou byt dostupnou metodou k monitorovani efektu pri
inhalaci nanocasticim v pracovnim prostiedi, lze pfitom vyuzit neinvazivniho odbéru
tekutin. Vzhledem k experimentalnim studiim i vysledkiim studii u pacientl s inhalac¢ni
expozici karcinogennimu SiO2 a azbestu je potifebné monitorovat expozici kromé méteni
aerosolil v ovzdusi také timto expozi¢nim testem z biologického materidlu. Minimalni
velikost skupiny je 20 pracovnikt a 20 kontrolnich osob ze stejné lokality. Doporucujeme
vySetrit alespont jeden marker oxidace lipid{i, nukleovych kyselin a protein. Vhodné
nacasovani je po sméné na konci tydne, kdy markery oxida¢niho stresu ve vSech tiech
biologickych tekutinach odrazeji jak akutni, tak chronicky efekt expozice.
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INTRODUCTION

Atmospheric aerosols (Particulate Matter, PM) have significant impact on health and
environment. Elements constitute an important particulate component which have
received the attention to understand their environmental and health impacts (Witt M. L.
I, 2010; Li, 2013). Elements enter the human body through inhalation of aerosols causing
several health issue (asthma, cardiovascular and respiratory diseases, lung cancer).

The potential health effects of elements in PM depend on their toxicity, concentration,
and bioaccessibility. It is assumed that the bioaccessible fraction of elements is more
relevant for evaluating human health risks than the total concentration of elements
(Cigankova et al., 2021a).

The aim of this study was to determine the total and bioaccessible concentration of
elements in urban PM; and PM2s aerosol during four seasons.

EXPERIMENTAL SETUP

PM1 and PM;;5 aerosols were sampled in parallel using two high-volume samplers
(DHA-80 and DHA-77, Digitel, air flow 30 m3/h) for 48 hours on nitrocellulose membrane
filters (diameter 150 mm, porosity 3 pum, Sartorius). Sampling took place during four 2-
week campaigns within each season of 2018.

Aerosol mass concentration was determined gravimetrically based on the difference
in weight of the filters before and after sampling of aerosol.

The sampled aerosol filters were cut into 4 portions. The first part of the filter was
decomposed in nitric acid using microwave decomposition (UltraWAVE, Milestone) and
digests were analyzed for the total content of 22 elements (Cu, Pb, Cd, Mn, Fe, Cr, V, Co,
Na, K, Al, Ca, Ni, Ti, Sr, As, Se, Mo, Sn, Sb, Ba, Zn) by triple quadrupole ICP-MS (ICP-MS
8800, Agilent). The other three quarters of each filter were extracted for 24 hours in three
simulated lung fluids, i.e. deionized water (DW), Gamble solution (GS) and Simulated
alveoli fluid (SAF) to determine the bioaccessible fraction of analysed elements using
atomic absorption spectroscopy (AAnalyst 600, Perkin Elmer) or ICP-MS.

RESULTS AND CONCLUSIONS
The highest mass concentrations of both PM1 and PM2.5 aerosol were observed in

winter (Cigankova et al., 2021a).
The highest total concentration of most elements in PM; and PMz s aerosol was found
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in winter campaign (Cigankova et al,, 2021b). PM1 and PM2s aerosols were also analysed
for the bioaccessible content of elements in DW, GS and SAF (Fig. 1).
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Fig. 1: Annual mean (square) and median (line) bioacessibility of sums of studied
elements in DW, GS and SAF
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INTRODUCTION

Mass concentration of particulate matter (PM) has been used in several epidemiologic
studies as an indicatior conenecting PM concentrations with human health effects (Ostro,
1993). However, mass concentration of PM doesn’t consider the different compositions
and toxicological effects of its components. Majority of PM mass constitutes low-toxicity
components, while minority of trace components may have high toxicological activity
(Tonne, 2012).

Oxidative potential (OP), defined as the ability of PM to induce oxidative stress, is in
recent years recognized as one of the main biological mechanisms considered to be
contributing to negative impacts from air pollution exposure. Oxidative stress is caused
through the capability of PM to generate reactive oxygen species (ROS) within the lung,
which leads to pro-inflammatory responses that can ultimately results in cell apoptosis
(Borlaza, 2021).

EXPERIMENTAL SETUP

Aerosol (PM1, PM2.5) samples were collected in parallel using two high-volume
samplers (DHA-80 and DHA-77, Digitel, air flow rate 30 m3/h) for 48 hours on
nitrocellulose membrane filters (diameter 150 mm, porosity 3 um, Sartorius). Sampling
took place during four 2-week campaigns in 2018 in Brno.

The sampled aerosol filters were cut into 4 portions. The first portion was analyzed
for total metal content. The other three portions of the filter were extracted in three
simulated lung fluis (SLFs; deionized water, Gamble solution, Simulated alveoli fluid) for
24 hours to determine the bioaccessibility of elements bound to PM and the OP of PM.

The OP was determined by a dithiothreitol (DTT) assay. An aliquot of each extract
was incubated at 37 °C with DTT (100 uM; 1 mL total volume) for different times (7, 15,
30, 45, 60 and 90 min). 10% trichloroacetic acid (1 mL) was added to the mixture at the
designated times to stop the DTT reaction. After incubation, 1 mL of 0.4 M Tris-HCI,
containing 20 mM EDTA and 25 pL of 10 mM 5,5’-dithiobis-2-nitrobenzoic acid (DTNB)
was added to 0.5 mL of the reaction mixture to react with the remaining DTT. The
concentration of the formed 2-nitro-5-mercapto-benzoic acid was measured using a UV-
VIS spectrometer (DU 250, Beckman) at wavelength 412 nm.

The OP of standard solutions of Cu?*, Cu*, Mn2+, V5+, Co2*, Ni2+, Cr3+, Fe2*, Fe3+*, As>+,
As3+, Pb2+, Zn2+, Cd?+, Al3+, Ba2+, Ca%*, K*, Mg?*, Na*, Sn?*, Se?+, Se**, Sr2+ and Hg?* was also
determined by DTT assay.
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RESULTS AND CONCLUSIONS

The oxidative potential of the PM1 fraction was higher than that of the PM2.5 fraction
(Fig. 1). Of the measured standard solutions, Cu?*, Mn?*, Fe3* and, Zn?* contributed the
most to the OP of PM. Other elements contributed less (Cd?*, Fe2* V>+, Co%*, Ni%*, Cr3+, As>*,
Pb%*) or not at all (Al3+, Ba?*, Ca?+, K*, Mg?*, Na*, Sn?+, Se?+, Se#*, Sr2+, Hg?*, Cu* and As3*).

The OP of both PM size fractions, and standard solutions depended on the used SLF.
The OP was the highest for filters extracted into deionized water (Fig. 1), which is the
simplest SLF. The lower oxidative potential of PM and standard solutions in GS and SAF
was probably caused by the interactions between some components of the fluids and
redox-active components of the PM.
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Fig. 2: Annual mean (square) and median (line) oxidative potetial of PM1 and PM2.5
aerosol in DW, SAF and GS.
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SUMMARY

Organic compounds (polycyclic aromatic hydrocarbons) and organic markers
(monosaccharide anhydrides, diterpenoids) used for the identification of aerosol
emission sources were measured in the emissions from the combustion of hard and soft
wood. Wood was combusted in different boilers used for the residential heating in the
Czech Republic, i.e., overfire boiler, boiler with down-draft combustion, gasification boiler
and automatic boiler. Emission factors of particles and all measured organic compounds
were the highest from the combustion of fuels in the oldest (overfire) boiler.

0voD

Jednim z hlavnich zdroji aerosolovych c¢astic v ovzdusi jsou spalovaci procesy.
Vyznamnymi zastupci téchto zdrojlii jsou mald spalovaci zarizeni (MSZ) pouzivana k
vytapéni domacnosti béhem zimniho obdobi. Problémem MSZ je nizka vyska komind,
ktera zpisobuje hromadéni aerosolovych ¢astic v dychaci z6né obyvatel mést a obci. Tato
zarizeni také nemaji zadné cisténi spalin (filtry) a neplati pro né obdobné kontrolni a
regula¢ni mechanismy jako pro velké zdroje zneciStovani ovzdusi. Vysoka koncentrace
aerosolovych ¢astic v ovzdusi ovliviiuje lidské zdravi. Skodlivost aerosolovych ¢astic
souvisi s jejich depozici v dychacim traktu. Hlavni cestou vstupu aerosolu do organismu
jsou dychaci cesty. Hrubé castice jsou zadrzovany v hornich cestach dychacich, zatimco
jemné castice (PM2,5) pronikaji hloubéji do plic, priidusek a plicnich sklipki (Kitimal a
kol., 2012). Bylo potvrzeno, Ze dlouhodoba expozice ¢asticim sniZuje obranyschopnost
¢lovéka (Brunekreef a Holgate, 2002). Aerosolové Castice na sebe vaZou toxické a
karcinogenni slouceniny, jako jsou napiiklad polycyklické aromatické uhlovodiky,
polychlorované bifenyly a ostatni organochlorové slouceniny, tézké kovy a dalsi polutanty
(Kitimal a kol., 2012), které se po depozici v plicich mohou z ¢astic uvolnovat a pronikat
do organismu.

Pievazna ¢ast znecistujicich latek z MSZ je do ovzdusi emitovana béhem topné sezény
v zimnim obdobi. Samotna topna sezéna trva cca 5 mésici, takZe redlny podil MSZ na
aktudlnim lokalnim znecisténi béhem topné sezdny je podstatné vyssi, nez jsou uvadéné
primeérné rocni hodnoty. Staré technologie spalovani (prohotivaci a odhotivaci kotle)
jsou velmi rozsirené hlavné ve stfedni a vychodni ¢asti Evropy, coz zpisobuje znacné
znecisténi ovzdusi aerosolovymi ¢asticemi béhem topnych sez6n. Moderni spalovaci
zatizeni (automatické kotle) produkuji vyznamné méné emisi zneciSt'ujicich latek, a proto
se zvySuje tlak na vyménu starych zarizeni za nova.
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METODY MEREN{

Spalovaci zkousky byly provedeny se zastupci tvrdého (buk) a mékkého (smrk)
dieva, v odlisSnych typech spalovacich zarizeni a za odliSnych podminek spalovani
(jmenovity a sniZeny vykon). Pouzita spalovaci zarizeni predstavovaly jak zastupce
starych konstrukcnich reSeni (prohorivaci a odhotivaci kotel), tak také moderni spalovaci
zarizeni (zplynovaci a automaticky kotel). Spalovaci zkousky byly provedeny za pouZiti
standardizovanych postupt (EN 303-5). Spaliny byly z kotli odvedeny izolovanym
kominem (dle standardnich pozadavki) k fedicimu tunelu. Redici pomér byl stanoven dle
ocekavaného mnozstvi spalin. Odbér vzorki spalin pro nasledné analyzy byl realizovan v
redicim tunelu. Spaliny (TSP frakce) byly odebirany izokineticky na kifemenné filtry, které
byly podrobeny analyzam organickych sloucenin, vcetné toxickych a karcinogennich
polycyklickych aromatickych uhlovodikii (PAU), a vybranych organickych markert
(anhydridy monosacharidi, diterpenoidy), pomoci kterych Ize identifikovat emisni zdroje
v méstském aerosolu.

Filtry s navzorkovanymi aerosoly byly rozstrihany na 2 ¢asti. Prvni ¢ast byla pouZita
pro spole¢nou extrakci anhydridi monosacharida a diterpenoidii (pryskyri¢né kyseliny)
pomoci smési dichlormethan/methanol (1:1 v/v) v ultrazvukové vodni lazni. Extrakty
byly po derivatizaci analyzovany pomoci GC-MS (Kiimal a kol., 2017). Ve druhé ¢asti filtri
byly analyzovany polycyklické aromatické uhlovodiky (PAU). Extrakce probihaly smési
hexan/dichlormethan (1:1 v/v). Extrakty byly po frakcionaci analyzovany pomoci GC-MS
(Krtmal a kol., 2013; Mikuska a kol., 2015).

VYSLEDKY A DISKUSE

Emisni faktory castic (TSP) a organickych slou¢enin byly mnohem vyssi (Obr. 1)
pti spalovani ve starych typech kotlli neZ v modernich typech pro obé spalovana paliva,
tj. mékké (smrkové) a tvrdé (bukové) dievo. Nejvyssi emise Castic byly ze spalovani
smrkového (aZ 3 727 mg/kg) a bukového dreva (az 3 253 mg/kg) ve starsich kotlich pri
sniZeném vykonu (35-45 %). Naopak emisni faktory ¢astic z automatického kotle pro
organickych sloucenin byly pod limitem detekce analytické metody. Diivodem tohoto
rozdilu je jiny zpusob prikladani paliva, odliSna konstrukce kotle a odliSny zptsob
spalovani paliva. U automatického kotle je spalovani plynulé, protoZe palivo je v mensich
davkach pridavano automaticky pomoci dopravniku paliva nékolikrat za minutu. Suma
emisnich faktorli pro PAU se pohybovala mezi 0,002 a 11,3 mg/kg v zavislosti na
pouZzitém kotli a palivu. Sumy emisnich faktorti anhydridi monosacharidl (organickych
ostatnich kotli dosahovaly az 405 mg/kg. Sumy emisnich faktord diterpenoidi
(organickych markert pro spalovani jehlicnatého dreva), tj. dehydroabitové kyseliny,
zatimco u ostatnich kotlii dosahovaly az 22,2 mg/kg.

NasSe pozornost byla zamérena predevSim na analyzu organickych markert a
nasledné stanoveni charakteristickych pomeéri, které slouzi jako pomocné identifikatory
emisnich zdrojl ¢astic v ovzdusi. Charakteristické poméry pro levoglukosan/mannosan,
tj. 13,4-18,6 pro spalovani bukového a 2,11-4,16 pro spalovani smrkového dreva, byly
priblizné shodné s hodnotami uvedenymi v literatuie. Diagnostické poméry pro PAU byly
naopak hodné odlisné od udaji v literatuie. PAU vznikaji predevsim pri nedokonalém
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spalovani organického materialu. VSechny poméry uvadéné v literature jsou vysledkem
spalovani paliv v kamnech a krbech s dostatkem vzduchu (dokonalé horeni). Cilem naSich
experimenti bylo pribliZit se redlnym emisim z domacnosti, proto bylo palivo spalovano
v kotlich se jmenovitym a se dvéma sniZenymi vykony (cca 35-45 % a 60-70 %).
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Obr. 1: Emisn{ faktory (mg/kg) pro TSP, PAU (polycyklické aromatické uhlovodiky), MAs
(anhydridy monosacharidi) ze spalovani paliv v kotlich pfi riznych vykonech (%).

ZAVER

Nejvyssi emisni faktory byly nalezeny pii spalovani v nejstarsich typech kotli pro
vSechna paliva. Kromé stanoveni toxickych PAU byla pozornost zamérena na markery,
pomoci kterych Ize urcit zdroj aerosolovych ¢astic na monitorované lokalité.
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INTRODUCTION

Ammonia is a significant gaseous pollutant present in the atmosphere. As a
neutralizing agent of acidic species ammonia forms particle-phase ammonium (NH4*)
salts and contributes thus to formation of secondary atmospheric aerosols (Harrison and
Jones, 1995). Aerosols (particulate matter, PM) are responsible for many negative effects
on environments and health risks to human. The diameter of PM has significant impact on
their environmental exposure, where the decreasing particle size increases the adverse
health effects. The ultrafine particles hence play a major role in adverse impact on human
health (Ryer-Powder, 1991).

Presented paper describes the use of the novel continuous aerosol sampler for
online, and a commercial cascade impactor for offline, determination of NH4* in ambient
air.

EXPERIMENT SETUP

The aerosol sampling system consisted of cyclone inlet (2.5 um cut-off diameter,
10 L min-1), annular diffusion denuder for removing gaseous NH3 and continuous aerosol
sampler (CGU-ACT]JU, Mikuska et al., 2018; Alexa and Mikuska, 2020) for collecting the
aerosol particles into deionized water (1 mL min-1). Subsequently the collected NH4* was
detected via analyser on the principle of continuous flow system (CFS) with fluorometric
(FL) detection based on the reaction of NH4* with o-phthaldialdehyde and sulphite in
alkaline solution to form isoindol-1-sulphonate (Genfa et al., 1989). The concentrations
were measured with a time resolution of 1 s.

The high-flow cascade impactor (100 L min-l, 6 stages, model 131B, TSI) was
chosen as a comparison method. Polycarbonate films (75 mm diameter) together with
terminal quartz filter (90 mm diameter) were used for the sampling of PM. After sampling
for 48 h the analytes were extracted by ultrasonication in deionized water and
subsequently analysed by the CFS-FL analyser (NH4*) and an ion chromatography
(fluorides, chlorides, nitrites, nitrates, sulphates, phosphates and oxalates).

The measurement of NHs4* in ambient air in Brno carried out during two
campaigns. The summer campaign was going on 19. 7. - 5. 8. 2021 and the winter
campaign 7.-24.2.2022 (Fig. 1). Both campaigns were performed on a terrace on the first
floor of the Institute of Analytical Chemistry (UIACH) at Vevefi Street. The particulate
number concentration and size distribution of PM in the size range 7.64-299.6 nm were
measured with the SMPS spectrometer (model 3936L72, TSI). The temperature, relative
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humidity, wind speed and direction, irradiation and precipitations were measured using
meteorological station (UIACH, roof).

RESULT AND CONCLUSION

The innovated continuous sampler CGU-ACTJU was optimized and used for online
determination of NH4* in urban air. Due to high sensitivity of FL detection (LOD = 3.52 ng
m-3) no preconcentration method is required. The online method was compared with the
results obtained with the offline method based on aerosol sampling using cascade
impactor and subsequent determination by CFS-FL analyser.
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Fig. 1: Variations of NH4+ concentration in PM2.5 aerosol during winter and summer
campaigns.
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SUMMARY

The practical limitations of remote detection of defunct internal combustion
engine particle filters are discussed in this work. Traditional cross-road sensing with
open-path spectrometry is subject to very low absorbtion by ultrafine particles,
necessitating sampling type measurement with particle counters, diffusion chargers or
black carbon sensors, all being more limited by background concentrations than by
instrument detection limit, offering a considerable opportunity for the use of low-cost
non-optical instruments. Differentiating and discriminating particles from the measured
vehicle from other sources, background and especially other vehicles remains to be a
challenge and imposes limitations on spacing between measured vehicles.

0voD

Prispévek se zabyva praktickymi limity dalkového méfeni vyfukovych emisi
motorovych vozidel, provadéného za ucelem detekce vozidel bez funk¢niho filtru ¢astic.

Motorova vozidla jsou povazovana za jeden z nejvyznamnéjsich zdroji emisi castic,
mérenych dle celkové hmotnosti, v méstskych aglomeracich. Vzhledem k priméru
primarnich castic fadové deset nanometri a jejich emisi nikoliv na vrcholu komina, ale
v malé vysSce uprostred ulic, 1ze predpokladat, Ze maji hlavni podil na celkovém dopadu
emitovanych ¢astic na lidské zdravi. RozloZeni emisi podél trasy jizdy daného vozidla ani
mezi vozidly neni rovhomérné, ale je podobné napt. Lorenzové kiivce (Lorenz, 1905).
Relativné malda ¢ast vozového parku ma tak znacny, aZ dominantni, podil na celkovych
emisich. Nejednd se pouze o stara vozidla, ale zejména o vozidla v nevyhovujicim
technickém stavu; dobfe udrzované starsi vozidlo tak muiZe mit niz$i emise ¢astic, nez
vozidlo novéjsi v neodpovidajicim technickém stavu. Automobily s naftovymi motory
mérené dalkové v Praze, které nemély funkcni filtr ¢astic, aC jej z vyroby mély mit,
vykazovaly priimérné vyssi emise ¢astic nez starsi vozy bez filtru (Skacel a kol., 2018).

Vyhledavani vozidel s nadmérnymi emisemi a motivace prozovatell k jejich opravé
nebo vyrazeni z provozu, coz lze povazovat za ¢asové, technicky i ekonomicky nejméné
naro¢ny zplsob jak snizit celkové vyfukové emise castic, by mélo byt predmétem
pravidelnych technickych kontrol. Ty jsou v8ak v CR v pfipadé vznétovych motorti dosud
zaloZeny na méteni kourivosti pri volné akceleraci motoru (SAE, 1996), u zaZzehovych
motort ¢astice pri pravidelnych kontrolach nejsou méreny viibec (MDCR 2018). U¢innost
pravidelnych kontrol v CR (v roce 2018 na emisich nevyhovélo 2,28 % vozidel oproti 6,6
% v SRN, ASEM 2021) je navic sporna mimo jiné diky systematickym pochybenim na
velkém poctu stanic méreni emisi (ASEM, 2021).
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METODY MEREN{

Veskeré metody dalkového méreni pracuji se zredénymi vyfukovymi plyny,
zanechanymi po priijezdu vozidla. Tradi¢ni dalkové méreni spektrometrem s optickou
drahou napri¢ vozovkou (Bishop a kol., 1989) je velmi malo citlivé na Castice o primeéru
radové 10 nm, proto je uvazovano spisSe vzorkovani z jedouciho vozidla (chase vehicle,
napr. Canagaratna et al,, 2004) nebo z okraje jizdni drahy (Skacel a kol., 2018). Z poméru
méfrenych koncentraci ¢astic ku CO; jsou nasledné vypocteny emise na kg paliva nebo
kWh vykonu. Emisnim limitim Euro VI, 5 mg/kWh a 6 x 1011 ¢astic/kWh, odpovidaji, pri
spotrebé vzduchu radové 5 m3/kWh a zredéni o tri rady, prispévky ke koncentracim
radové 1 ug/m?3 a 100 nevolatilnich ¢astic/cm3, z ¢ehoz v praktickém dtsledku vyplyva,
Ze témér libovolny narast koncentraci elementarniho uhliku a/nebo nevolatilnich ¢astic,
ktery lze priitkazné rozlisit od ,pouli¢niho“ pozadi, a priradit konkrétnimu vozidlu, je
dikazem absence funké¢niho filtru ¢astic. Pro méreni lze pouzit radu ,atmosférickych”
pristroji srychlou odezvou, za zasadni lze povazovat rozliSeni prispévku méreného
vozidla od ostatnich vozidel a pozadi, coz miiZe predstavovat vyrazna omezeni zejména
v rozestupech mezi vozidly.
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INTRODUCTION

Organic aerosols (OA) account for a significant fraction (10 — 90%) of atmospheric
particulate matter (Hallquist et al., 2009). The composition of organic aerosols is very
complex and is usually characterized by their water solubility (Decesari et al., 2006).
Water-soluble organic compounds (WSOC) constitute a large fraction of OA (10 — 80%)
and consist of chemical species containing oxygenated functional groups such as
hydroxyl, carboxyl, or carbonyl groups. NMR spectroscopy represents an alternative to
commonly used techniques (gas chromatography-mass spectrometry, liquid
chromatography-based techniques) for WSOC analysis. Our recently introduced method,
called NMR aerosolomics, allows quantitative analysis of dozens of individual compounds
from different aerosol samples (Hornik et al., 2020).

An important part of the characterization of aerosols is their classification by
particle size. The analysis of individual compounds in the size-resolved fractions of the
WSOC class has been performed only in a few studies that focus mainly on a particular
subclass of compounds or use multiple analytical techniques (Barbaro et al., 2019; Xu et
al,, 2020).

EXPERIMENTAL SETUP

Aerosol samples were collected in a suburb area of Prague-Suchdol in the campus
of the Institute of Chemical Process Fundamentals (50° 7'39" N, 14° 23'4" E, 277 m a.s.l.).
A homemade prototype of high-volume cascade slit impactor with five stages (flow rate
3701/min) and a back-up filter was used for aerosol sampling. Four aerosol samples were
separated into six different fractions: < 0.11 pm (1), 0.11 — 0.40 pum (2), 0.40 — 0.87 um
(3),0.87 —2.30 pm (4), 2.30 — 4.68 pm (5), and 4.68 — 20.0 um (6). Impactor stages 1 — 4
correspond to the fine aerosol fraction, while stages 5 — 6 correspond to the coarse
fraction. Two sample series were collected in summer 2015; the winter series were
collected in two campaigns, one in 2017, the other in 2018. Three samples were collected
as multi-day (2 — 8 days) samples, while one summer sample was collected on the same
medium during several summer mornings and afternoons when new particle formation
events could be collected, especially organics related to particle growth.

The sample medium was cut into pieces and extracted in 15 mL of deionized water.
Extraction was performed for 30 minutes in an ultrasonic bath and for 2 hours on a
shaker. The extract was then filtered and freeze-dried. Subsequently, the obtained
material was dissolved in deuterated water (99.96% D) containing a known amount of
DSS (dimethyl silapentane sulfonate, 0.8 mM) as a reference for chemical shift and line
shape. Finally, after dissolution, the sample was transferred to a 5 mm NMR tube and
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immediately inserted into the NMR spectrometer. Chenomx NMR Suite software was used
to identify and quantify the compounds. In this approach, each compound in the TH NMR
spectrum is identified based on the precise chemical shift of the individual signals.

RESULTS AND CONCLUSIONS

In this study, NMR aerosolomics was used to analyze WSOC in size-resolved
particulate matter. Advanced analysis based on compound profiling in the 'H NMR spectra
allowed quantification of 31 — 45 compounds in each sample. A total of 73 individual
compounds were assigned in the samples. The concentration data were subjected to
multivariate statistical analysis, which revealed significant differences in chemical
composition between the two seasons and in the main characteristics of the fine and
coarse aerosols. Levoglucosan was identified as the major factor in group separation by
season of sampling. Clustering based on particle size was mainly determined by the
content of carbohydrates in the coarse aerosol fractions.

of the individual compounds showed that some of the compounds were present in
all fractions in both the summer and winter samples, while some of the compounds were
more specific to a particular season or to a particular particle size. The concentration
profiles of the size-resolved aerosol showed an association of certain compounds across
different classes that could be attributed to a common source or degradation pathway. A
correlation of carbohydrates with trimethylglycine and choline was found in the coarse
summer aerosol derived from various biogenic sources. Similar distribution profiles were
observed for several compounds associated with solid fuel combustion (methylsuccinic
acid, maleic acid, fumaric acid, phthalic acid, and imidazole) in the 2018 winter series with
the highest concentration in the accumulation mode. A similar distribution profile in both
winter series was found for glucose and levoglucosan, indicating a common origin, most
likely biomass burning. Further details of this work were recently published in Hornik et
al. (2021).
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SUMMARY

Four intensive in-situ campaigns focused on aerosol-cloud interactions were
performed in the autumn and spring months from Nov 2018 to Apr 2020 at MileSovka
Mountain in Czechia to bring more insight into size-dependent aerosol activation and
dependence on its origin for a wide variety of meteorological parameters. Most activated
particles were larger than 100 nm, with a mode over 200 nm. For the description of the
changes in the activation, no effect of photochemistry was found; in contrast, some
dependence on relative humidity, temperature, wind speed, and liquid water content
(LWC) proved to be useful. The strongest connection was found between activation and
LWC. For LWC below 0.1 g/m3, in the LWC-limited regime, the LWC values and variables
effecting the LWC were the main factors influencing the activation, while different
parameters could have played a role at LWCs over 0.1 g/m3, in the LWC-independent
regime.

0voD

V Sesté hodnotici zpravé IPCC byla nejvyssi hodnota aerosolového forcingu
pripsdna tzv. neprfimému aerosolovému efektu, tedy interakci mezi atmosférickym
aerosolem (AA) a oblacnosti (Arias a kol, 2021). Tato interakce zavisi na mnoZstvi
aktivovanych obla¢nych jader, coZ je veliCina, kterou je naro¢né mérit i modelovat. Proto
byl zkouman vliv velikostné diferencované aktivace AA na meteorologickych veli¢inach
ajevech.

METODY

Méreni probéhla na stanici MileSovka (50°33'N, 13°55'E, 837 m. n. m), kde byla
kompletni meteorologicka méreni a pozorovani doplnéna o pocetni velikostni distribuce
(PVD) AA ve velikostech od 10 nm do 2.5 um ze spektrometrii SMPS a APS. Vzorkovani
probihalo pomoci dvou inletti, odbérovych hlav - tzv. whole air inletu (WAI) a PM2 5 hlavy,
mezi kterymi prepinal kulovy kohout kazdych 5 minut.

Z rozdili Kkoncentraci nameérenych dvéma odbérovymi hlavami byly urceny
koncentrace a PVD aktivovaného aerosolu (aPVD) kazdych deset minut. Z aPVD byla
vypocCtena aktivovana ¢ast AA, tj. podil aktivovanych jader z celkového poctu AA v dané
velikosti. Z tohoto podilu pak byla proloZenim sigmoidalni funkci urc¢ena velikost Dso, tedy
velikost AA, ze kterého je aktivovano 50 % castic (Obr. 1).

Méreni probihala vletech 2018 az 2020 v péti intenzivnich kampanich v jarnich
a podzimnich mésicich, kdy je na stanici nejvyssi pravdépodobnost vyskytu nizké
oblacnosti, kddované jako mlha. Celkové bylo ve 187 dnech méreni nasbirano pres 15 000
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PVD, z toho 4000 vzorkil s mlhou, které byly porovnavany s vysledky namérenymi bez
pozorovanych meteorologickych jevi.
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Obr. 1: Priklad jednoho SMPS a APS spektra (body) proloZeného sigmoidalni funkci ke
zjisténi aktivované frakce (Cervena c¢ara), ze které je urcena velikost Dso v nm (zelena
preruSovana ¢ara).

VYSLEDKY, DISKUSE, ZAVERY

Koncentrace neaktivovaného AA byly pii vyskytu mlhy niZsi ve vSech mérenych
velikostech v porovnani se situacemi bez mlhy (Zikova a kol., 2020).

VétsSina aktivovaného AA byla vétsi nez 100 nm, s maximem aPVD pies 200 nm
(Obr. 2). Rozdil aPVD pii vyskytu mlhy a mrznouci mlhy nebyl statisticky vyznamny, a to
ani ve tvaru, ani v celkové koncentraci aktivovanych jader. Mrznouci mlha se lisila jen
vétsi proménlivosti presyceni nebo mensi homogenitou AA - byl pozorovan vétsi rozptyl
hodnot parametru Dso. BEhem mrznouci mlhy byl v porovnani s mlhou pozorovan také
mensi efektivni polomér kapek, coZ opét naznacuje odlisné podminky presyceni vzduchu
vodni parou.
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Obr. 2: aPVD naméfend pti vyskytu mlhy (modra), mrznouci mlhy (Cervend), mlhy
soucasné s deStém (zlutd) a pii absenci vySe uvedenych jevi (Seda).
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Aktivace AA byla zkoumana i za riznych meteorologickych podminek. Spojitost
s fotochemii nebyla prokazana - nebyl nalezen denni chod parametru Dso, ktery by
ukazoval zavislost na globalnim zareni. Naopak byla nalezena zavislost na teploté,
relativni vlhkosti, rychlosti vétru, a predevSim na vodnim obsahu oblaku (LWC, liquid
water content) (Zikova a kol., 2021).

Pri vyS$S8i relativni vlhkosti byly aktivovany mensi castice (klesala hodnota
parametru Dso). Pri nizké relativni vlhkosti stoupal vyznam proménlivosti v presyceni
vodni parou - 8lo o rezim rizeny fluktuacemi v poli vodniho obsahu oblaku. Podobny vliv
byl pozorovan i pri vysokych rychlostech vétru. Do rychlosti 10 m/s nebyl vliv vétru na
aktivaci pozorovan, ale pro vyssi rychlosti se zvysil rozptyl hodnot Dso z divodu vétsi
turbulence vzduchu, ktera souvisela s fluktuacemi v poli presyceni a/nebo s rozruSenim
teplotni inverze.

Nejsilnéjsi zavislost aktivace byla pozorovana pii zménach vodniho obsahu
oblaku, LWC. Pokud byl vodni obsah oblaku men$i neZz 0.10 g/m3, klesala hodnota
parametru Dso 0 35 nm pti kazdém nartistu LWC o 0.01 g/m3 (Obr. 3). Pro vyssi vodni
obsah v oblaku uZ se hodnota Dso se zménou vodniho obsahu oblaku vyraznéji neménila.
Pro hodnoty pod 0.1 g/m3, kdy hovorime o reZimu omezeném vodnim obsahem oblaku,
byl vodni obsah oblaku rozhodujicim parametrem ovliviiujicim aktivaci AA. Pri vétSim
vodnim obsahu oblaku pak byly diilezitéjsi jiné parametry nez LWC.
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Obr. 3: Zavislost pozice Dsp na hodnoté vodniho obsahu oblaku.
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SUMMARY

Inhalation of radioactive aerosol particles is one of the possible exposure pathways that
can significantly contribute to the total effective dose in how planned, existing, and so
accidental exposure situations. Department of Nuclear Protection - SUJCHBO, v.v.i. is
mainly concerned with determining the total activity concentration of alpha emitters in
the air and determining the concentration and size distribution of radon decay products
at workplaces with material with an increased content of natural radionuclide (planned
exposure situation). SUJCHBO also determines the concentration and size distribution of
radon conversion products at workplaces with a possible increase in exposure from radon
(existing exposure situation). Furthermore, the department's workplace is equipped with
devices enabling the sampling and analysis of radioactive aerosol particles in accidental
exposure situations.

0voD

Inhalace radioaktivnich aerosolovych ¢astic je jednou z moZnych expozi¢nich cest,
ktera miize vyznamné prispivat k celkové efektivni davce jak pii planovanych, existujicich
i nehodovych expozi¢nich situacich. Odbor jaderné ochrany (0JO) - SUJCHBO, v.v.i. se
zabyva zejména stanovenim celkové objemové aktivita zarich alfa ve vzduchu a
stanovenim koncentrace a velikostni distribuce produktli pifemény radonu na
pracovistich s materidlem se zvySenym obsahem piirodniho radionuklidu (planovana
expozi¢ni situace). SUJCHBO dale stanovuje koncentrace a velikostni distribuce produktt
pfemény radonu na pracoviStich s moZnym zvySenim ozareni z radonu (existujici
expozicni situace). Dale je pracovisté odboru vybaveno zatizenimi umoZiujicimi odbér a
analyzu radioaktivnich aerosolovych castic pii nehodovych expozi¢nich situacich.

METODY MEREN{

Pro potreby stanoveni celkové koncentrace (objemové aktivity alfa, beta, znalosti
zvySeni koncentrace radioaktivnich aerosolovych castic ve vzduchu) radioaktivnich
aerosolovych castic je odbor vybaven nizko-objemovymi cerpadly QUICK TAKE 30
(objemovy priitok 20 1/min), které spolu s vyhodnocovacim zarizenim LB 124 SCINT-D
umoZiiuje stanovit droven kontaminace vzduSniny piimo v terénu. Pii znalosti
isotopového sloZeni aerosolovych c¢astic lze stanovit pifimo koncentraci daného
radionuklidu. Tuto metodu odbéru aerosolovych ¢astic je vhodné vyuZit zejména
v pripadech nutnosti rychlého odhadu efektivni davky kontaminovanych osob.

Druhym zptisobem je mozZnost vyuZiti velkoobjemového vzorkovace VF NUCLEAR
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VOPV-12, ktery vzorkuje vrozmezi 17 - 150 m3/hod. Filtr, ktery slouzi ke sbéru
aerosolovych ¢asti (254 x 202 mm) je nasledné umistén do mérici nadoby. Méteni probiha
bud primo vterénu svyuZitim mériciho zarizeni RT-50 anebo laboratorné pomoci
gamaspektrometru s vysokym rozliSenim (Canberra). U takto odebranych vzorki je
nasledné stanovovana koncentrace radionuklidti emitujicich zareni gama.

V oblasti prirodniho zareni jsou v soucasnosti vyvijeny metody stanoveni
velikostni distribuce pomoci kaskadniho impaktoru Dekati ELPI+. Tento 15. stupniovy
impaktor je osazen vhodnou detek¢ni a brzdici f6lif. Toto usporadani umoziuje stanovit
velikostni distribuci produktli pifemény radonu. V soucasné dobé jsou finalizovany
laboratorni experimenty, které maji prokazat vhodnost zvolené mérici a vyhodnocovaci
metody a byla jiZ zahdjena terénni méreni za ticelem stanoveni velikostni distribuce
produktli premény radonu na riznych typech zejména podzemnich pracovist. V ramci
laboratornich praci jsou vysledky stanoveni velikostni distribuce srovnavany s vysledky
stanoveni ziskanych pomoci SMPS (Obr. 1).
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Obr. 4 Srovnani vysledki SMPS a Dekati ELPI+
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INTRODUCTION
The study of particle size distribution and hygroscopic growth is important for
several reasons. Particle diameter is available experimentally, but the relationship of
hygroscopic growth to cloud condensation nuclei (CCN) and AMS data can be modeled
mathematically. In this paper, we present an improved algorithm for calculating the wet
particle diameter and the k parameter that is faster, more accurate, and more reliable than
the algorithm used by other authors.

MATHEMATICAL METHOD

The basis for calculation is Kohler's theory. Petters and Kredenweis (2007) showed
that water vapour saturation ratio s over an aqueous droplet is expressed by

I)iret - Df exp ( 4o,y My, )
— ])2(] —K) RT pyy Dyet

5= ])3

wet

(1)

where Dyt is the wet particle diameter, D. is the critical diameter of the dry particle, ow,
pw, My, are the surface tension, density, and molar weight of water, and k is a single
parameter combining specific properties of aerosols such as molar weight, density, and
van't Hoff factor. For given s = 1 + §/100%, where S is a selected supersaturation, and D,
it yields a single equation for two unknowns, namely Dwe: and k and has thus infinite
number of solutions. Thus it is necessary to find Dwe: that maximizes the saturation ratio
while matching the selected supersaturation (Rose et al. 2010). To solve the problem they
use nested minimization of (-s) and |s- 1 +S/100| by double application of the fminsearch
function from Matlab. This approach has a serious drawback. The fminsearch function is
an implementation of a Nelder-Mead algorithm designed for multidimensional
optimization but used here in a single dimension. Since an absolute value is minimized,
the method can find a false solution satisfying the minimization criterion but equation (1)
is not satisfied.

When we examine the problem, we find that it is indeed a constrained optimization
where the same equation plays both roles, it is both the criterion function and the
constraint. The necessary condition for a local maximum is obtained by differentiation:

ds 1 3D2 . Dk 5 5. 4o, M, 40, M,
e 3 3 3 - ( wet Dc) D] CTp ————
ODwet  Diey — D3(1 — k) | Doy — D2(1 — K) RTpyDget RT poy Der

(2)

Fig. 1 shows the values of the partial derivative of the saturation ratio with respect to
the wet diameter for different values of supersaturation. For values slightly above the
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diameter of the dry particle, the derivative is a decreasing function that reaches a

minimum and then asymptotically approaches zero. The root of Eq. (2) can therefore be

easily bracketed. Dwetr and k are then computed by nested solution of both equations using

an algorithm we have implemented in GNU Octave that is always convergent.
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Fig 1: Dependence of partial derivative of saturation ratio with respect to the wet
particle diameter for D. = 40 nm and several values of supersaturation

CONCLUSIONS

The algorithm proposed here is based on a rigorous mathematical derivation and is
implemented in GNU Octave. The procedure for solving a real equation with a single real
variable is a combination of several algorithms that ensures that the iteration operator
contracts in Banach space, i.e., the algorithm is always convergent provided that the root
of the equation has odd multiplicity and can be bracketed. The method converges quickly
and reliably even if the root is a turning point. The algorithm does not fall into a false
solution at a very low supersaturation which is another advantage over using the
fminsearch function, in addition to speed and precision.
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INTRODUCTION

The planetary boundary layer (PBL), the lowest part of the troposphere, has a higher
aerosol concentration than the rest of the atmosphere because pollutants emitted from
the surface are constrained in PBL. Among all aerosols, absorbing aerosols, mainly black
carbon (BC), has the strongest interaction with PBL (Bond et al., 2013) and plays a vital
role in modifying the diurnal evolution of PBL.

In the present study, we analyzed the impact of equivalent black carbon (eBC)
aerosols at two different heights (4 m and 230 m) on the PBL height under different
metrological conditions such as clear sky, foggy (visibility < 1km), and hazy days
(visibility < 8km during the non-fog day), high relative humidity, temperature, and
observational data; also, diurnal and seasonal variability was evaluated.

EXPERIMENTAL SETUP

The eBC concentration was measured from 1/2020 to 12/2020 by Sunset Analyzer
simultaneously at 4 m and 230 m on a 250m-meteorological tower at National
Atmospheric Observatory KosSetice (NAOK; 49°35'N, 15°05'E), located at a rural
background in the Czech Republic. The eBC concentrations were calculated from raw
Sunset analyzers data according to Zikova et al. (2016). The PBL height has been taken
from the ERAS dataset (Hersbach H. et al., 2018).

RESULTS AND CONCLUSIONS

In this study, the mean eBC concentration was found the highest in winter (Dec-Feb),
lower in spring (Mar-May) and autumn (Sep-Nov), and the lowest during the summer
(Jun-Aug). In contrast, the average PBL height was the lowest in autumn, followed by
summer and winter, and was measured the highest during the spring (Figure 1) due to
the higher number of rainy days during the summer, resulting in lower PBL height. The
eBC concentration at ground level showed peaks during mornings and evenings, likely
due to local sources and the PBL diurnal evolution. At 230 m, eBC concentration displayed
an opposite diurnal pattern similar to the diurnal pattern of the PBL height.
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Several case studies were studied to find the impact of different meteorological
conditions. The development of PBL was suppressed by fog and haze, further weakening
the vertical mixing of aerosols, leading to higher eBC concentration at the ground. High
RH (» 100%) with high temperature (28 °C) yields the highest PBL height and higher eBC
concentration at 4m compared to 230 m.

Elevated eBC concentrations during noon and late-night have also been observed,
driven by the transport of aerosols from distant sources. The long-range transport of
aerosols was confirmed by air mass back trajectories using the HYSPLIT model. The eBC
concentration was higher below the PBL height than above the PBL.
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Fig. 1. Seasonal comparison of eBC concentration at two different heights and PBL height.
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INTRODUCTION

Novel coronavirus disease 2019 (COVID-19) emerged in China in late 2019 and
became a global outbreak in early 2020 (WHO, 2022). As in many other countries, Czech
authorities took a number of preventive and control measures to prevent the spread of
the disease, including city lockdowns and restrictions on numerous activities (traffic,
economy, personal limitations). These measures led to a reduction in emissions from
most anthropogenic sources, and improvements in air quality were observed in many
megacities (Chauhan and Singh, 2020). However, little is known about the impact of
COVID -19 on rural background site representing background air pollution. Atmospheric
elemental (EC) and organic carbon (OC) are among the major constituents of ambient
aerosols that have attracted growing interest due to their adverse effects on human
health, atmospheric visibility, and climate warming (Mauderly and Chow, 2008; Bond et
al,, 2013). The objective of this study is to characterize the effects of COVID -19 lockdowns
on carbonaceous aerosols at a rural background site using continuous in situ vertical
distribution measurements.

EXPERIMENTAL SETUP

Ground-based (4 m a.g.l.) long-term monitoring of EC and OC has been initiated in
2013 at the National Atmospheric Observatory KosSetice (NAOK; 49°35'N, 15°05'E) in the
central Czech Republic using a semi-continuous thermal-optical OCEC analyzer (Sunset
Laboratory Inc., USA). In late 2019, a second OCEC analyzer was installed at the top of the
tower (230 m a.g.l.) and measurements were performed simultaneously with the ground
from December 2019 to June 2021. Both instruments sampled with a time resolution of 4
h, including 20 min of OC /EC thermo-optical analysis according to the abbreviated
EUSAAR-2 protocol (Cavalli et al., 2010; Mbengue et al., 2018). Sampling systems were
equipped with a carbon parallel plate diffusion denuder (Sunset Lab) to avoid positive
artifacts caused by absorption of volatile organic compounds on the quartz microfiber
filter (Turpin et al., 2000). A total of 1955 pairs of OC/EC sampling points were measured
during the campaign.
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RESULTS AND CONCLUSIONS

In this study, EC and OC at 4 m elevation and EC at 230 m elevation showed a similar
seasonal pattern with higher values in winter and lower values in summer. OC, measured
at 230 m height showed an opposite behavior with slightly higher values in spring and
summer, probably related to the increased contribution of secondary organic carbon
(SOC). Concentrations were generally higher at 4 m, where there was also a better
correlation between EC and OC, suggesting a greater influence of local sources near the
surface. In contrast, measurements at 230 m may be more influenced by aged and long-
range transported aerosols. These results are confirmed by source apportionment /
receptor modeling (Conditional Bivariate Probability Function the Potential Source
Contribution Function).

To examine the impact of Covid lockdowns, ground-level measurements of OC and EC
from the pre-Covid period (2017-2019) were compared to the values recorded during the
Covid period (2020-2021). The results show that the restrictions during the COVID
lockdowns did not systematically lead to a decrease in the values of OC and EC at the rural
background site. This is particularly true for the second lockdown for EC in the spring and
for OC in all seasons (Fig. 1).
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Fig. 1: Seasonal mean concentrations of OC, EC, measured at 4 m a.g.l. during pre - COVID
(from 2017-2019) and COVID (2020-2021) periods.

The effect of the COVID-related lockdowns could be better observed by examining the
correlation of EC and OC between 4 m and 230 m (Fig. 2). Indeed, the correlation
coefficient which was around 0.20 during the pre-lockdown, especially for EC, increased
steeply during the two controlled periods (up to 0.85 and up to 0.70 during lockdown 1
and 2, respectively). The higher correlation during the lockdowns suggests that aerosols
collected at 4 m and 230 m were influenced by common sources and/or transported
simultaneously at the sampling site. Because the COVID restrictions resulted in reduced
emissions from local anthropogenic sources, the receptor site was influenced primarily
by aged aerosols transported over long distances. This is consistent with the increased
concentration of SOC, which follows the same behavior observed for OC during the second
lockdown.
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Fig. 1: Time series of a) Number of coronavirus COVID_19 daily new case in Czechia, and
b) monthly correlation coefficient between EC and OC at 4 m and those at 230 m from
December 2019 to Jun 2021.
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INTRODUCTION

For many years, mass-based particulate matter PM2.5 and PM10 measurements have
been standardized and represented the cornerstone for the regulatory quantification and
characterization of particles in ambient air. In the past decade the measurement of
ultrafine particles (UFP) has gained importance outside the field of atmospheric research.
Studies like the one by de Jesus et al. (2019) have highlighted the world-wide need to
address UFP concentrations due to their potential risks for human health. UFP particle
number concentrations (PN) and particle number size distributions (PSD) have been
measured by scientifically motivated projects and networks (e.g. ACTRIS, GAW, GUAN) for
years (Birmili et al. 2016).

While number-based measurements of atmospheric aerosol have been made, it has
been difficult to meaningfully compare data gathered internationally. This difficulty is due
to the fact that particle measuring sites were sometimes using different sampling,
conditioning, and particle measurement instrumentation. “Harmonizing” these aspects is
key to comparing data and drawing conclusions relevant to all the fields relevant to
ambient aerosols, including emissions regulations, public health, and climate.

In an effort to harmonize the continuous measurement of UFP in terms of their PN
and PSD in ambient air, the European Committee for Standardization (CEN) published
technical specifications CEN/TS 16976 for Condensation Particle Counters (CPC) and
CEN/TS 17434 for Mobility Particle Size Spectrometer (MPSS) or Scanning Mobility
Particle Sizer (SMPS). These normative documents describe a standardized method by
defining a set of requirements for the instrument, its sampling system, the measurement
procedure and the reporting of measurement results.

We will introduce the recent customization of our established CPC and SMPS
instruments with dedicated sampling and dilution options to meet these CEN/TS
specifications. We will show results from several weeks of ambient measurement of the
urban aerosol in a light industrial area in Aachen, Germany.
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Fig. 1: Full CEN-compliant solution including sampling inlet, PN and PSD measurements .
Fig. 2: The data shows 24 days @ 5min time resolution close to UFP sources. The sampling
site was at TSI GmbH Aachen.

A full-flow butanol-based CPC (Model 3750-CEN, TSI Inc., Shoreview, USA) is
calibrated independently at the World Calibration Center for Aerosol Physics (WCCAP) in
Leipzig, in addition to the manufacturer’s calibration. The same is done for the new wide-
range SMPS (Model 3938W50-CEN, TSI Inc.), so it fully complies with the CEN/TS 17434
guideline. An optimized sampling inlet system with dryer, RH/T control and an optional
diluter were used to enable standardized measurements. A further advantage of this
complete UFP monitoring solution is its comprehensive data output, which permits a
transfer to the EBAS database and other data protocols.
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SUMMARY
SMOKEMAN's Ten Rules for a Good Heater attempts to point out in a simple and
entertaining way the basic parameters and principles that, if followed, will allow us to get
more heat and less smoke from our chimneys. SMOKEMAN, as a trained miner, never liked
theoretical discussions unless it was clear what their practical application was.

UvoD
SMOKEMANovo desatero spravného topice se snazi jednoduchou a zdbavnou formou
ukazat na zdkladni parametry a zasady, které uZivateli, pokud se jimi budeme fidit,
umozni, aby se vice ohrali, a pritom se z jejich komind méné kourilo. SMOKEMAN jako
vyuceny hornik nikdy nemél zalibeni v teoretickych rozborech, pokud nebylo jasné, jaké
je jejich praktické vyuZziti.

VYSLEDKY, DISKUSE, ZAVERY
Série SMOKEMANovych videi vychazi z ,Desatera spravného topic¢e“ (Obr. 1) a snazi
zarizeni na pevna paliva a pribliZit jim spravné praktiky spalovani pevnych paliv. Videa
jsou predstavena formou tii plylist. Prvni plylist obsahuje ,hranou“ ¢ast, do které je
vsunuta ,vysveétlujici“ (animovand) ¢ast, ktera danou problematiku podrobnéji vysvétluje.
Dalsi dva playlisty prezentuji zvlast ,hranou“ a ,vysvétlujici“ ¢ast. Nazvy jednotlivych
epizod:

TRAILER 1 - Stechiometrie spalovani jako vztah mezi muZem a Zenou
TRAILER 2 - Zrozeni SMOKEMANa

01/10 - TOP TAK, JAK CHCES, ABY TOPIL TVU] SOUSED
02/10 - SUS DREVO MINIMALNE JEDEN, LEPE DVA ROKY
03/10 - NESPALUJ ODPADKY

04/10 - NEDUS OHEN

05/10 - JAK CASTO A KOLIK PRIKLADAT

06/10 - CO A JAK CISTIT

07/10 - POUZIVE] MODERNI KOTEL CI KAMNA

08/10 - UDRZU] OPTIMALNI TEPLOTU SPALIN

09/10 - NEVYHAZU] TEPLO OKNEM

10/10 - CO OVLIVNI TVU] KOUR

PODEKOVANI{
Projekt LIFE IP - ZlepSeni kvality ovzdusi (LIFE18 IPE/SK/000010) podpofrila
Evropska unie v ramci programu LIFE. Projekt je také spolufinancovan Ministerstvem
zivotniho prostiedi CR.
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ODKAZY
Smokemanovo desatero spravného topice:
playlist dlouhych videi (spojena “hrana” a “vysvétlujici” ¢ast),
https://www.youtube.com/playlist?list=PLZCE]pckSlpV3TGeEix]JU73]VH1]2mi62 nebo
https://estav.tv/porad/smokemanovo-desatero/
Playlist “hranych” ¢asti:
https://www.youtube.com/playlist?list=PLMYSdf0zSP5aDdtT61EyvrVHi04sVPZks
Playlist “vysvétlujicich” (animovanych) casti:
https://www.youtube.com/playlist?list=PLMYSdf0zSP5YgkX0AVdnFy6-ydEW8w5I1

SMOKEMANOYO

DESATERO SPRAVNEHO TOPICE
ﬂ?op tak, jak chces, aby a;)uin’vej moderni kotel T

L1;opil tvij soused. | Ci kamna.
g Sus drevo minimalné j e¥U¢;|riu‘j teplotu spalin za
Ljeden az dva roky. | kotlem mezi 100 az 250 °C.

F Nespaluj odpadky! ) e Nevyhazuj teplo oknemq

nepretapéj a top jen tam,

g Nastav regulaéni klapky | kde potiebujes.

tak, aby vzduch mohl m
k palivu, ohefi nedus. Nebud’ lhostejny k sobé
-

ani ke svému okoli, zajimej se
o to, co jde z tvého komina.
.

GTJ starych kotli prikladej
méné a castéji, u automati
a zplyfovacich kotli

va“:dy do plna.

G Pravidelné éisti kotel, ]

Lkour"ovod a komin.

www.populair.sk

https://vec.vsb.cz/cs/smokeman-zasahuje/
kontakt: smokeman@vsb.cz

(A | CENTRUM ENERGETICKYCH | VYZKUMNE
ZITA | A ENVIRONMENTALNICH ENERGETICKE
TECHNOLOGIE CENTRUM

popu I dﬁ' Ministerstvo Zivotniho prostiedi

Projekt UIFE 1P - Ziepden] kvakty ovzdu3! {LIFE18 IPE/SK/000010) podpolita Evropskd unie v rémel programu LIFE.
Projekt je také spolufinancovén Ministerstvem fivotniho prastiedi (R,

Obr. 1: Smokemanovo desatero spravného topice.
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ENDOSKOPICKE ZAKROKY V DOBE COVID-19

Martin WASSERBAUER], Stépén HLAVA1, Raden KEIL?
IInterni klinika FN Motol, Praha

SUMMARY

Onemocnéni COVID-19 bylo, je a pravdépodobné i nadale bude vazny celosvétovy
zdravotni problém. V souc¢innosti s Akademii véd CR byl vytvofen experimentalni model,
ktery simuloval podminky pritomné béhem endoskopickych procedur horni casti
zazivaciho traktu (napf. gastroskopie). Cilem nasi prace bylo prokazat pocet potencialné
infek¢nich ¢astic pritomnych béhem endoskopickych procedur a najit a¢inné nastroje k
eliminaci rizik infekce COVID-19 pfi jejich provadéni. Z tohoto divodu jsme navrhli a
testovali prototyp ochranného krytu pro ovladaci ¢ast endoskopu, abychom zabranili
uvolnovani a Sifeni téchto castic tekutin z pracovniho kanalu endoskopu. Provedli jsme
méreni s ochrannym krytem ovladaci ¢asti endoskopu i bez néj. Bylo zjiSténo, Ze kapalina
prochazejici pracovnim kanalem endoskopu pii pritomnosti vloZenych instrumentarif
generuje tekutinové partikule s primérem v rozmezi 0,1-1,1 mm. Bylo zjiSténo, Ze
specialni ochranny kryt navrzeny nasim tymem na ovladaci ¢ast endoskopu, vyrobeny z
prodysSného materialu (chirurgicka cepice), eliminuje uvoliiovani potencialné infek¢nich
castic tekutin.
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INTRODUCTION

Measurements at rural background sites representative of wider areas are important
to study the influence of regional and long-range transport as well as the long-term trends
in PM characteristics (Putaud et al., 2010; Schwarz et al., 2016; Poulain et al., 2020). The
National Atmospheric Observatory Kosetice (NAOK), officially classified as a central
European rural background site, participates in the European Monitoring and Evaluation
Programme (EMEP), Aerosol, Clouds, and Trace Gases Research Infrastructure Network
(ACTRIS), and Global Atmosphere Watch (GAW) network. Several studies were conducted
at the NAOK site however, detailed work focused on the seasonal variability in PM
chemical composition data with high temporal and spatial resolutions is still lacking.
Therefore, the focus of this study was to characterise individual episodes of high mass and
number concentrations based on highly-time resolved measurement and linked to
different air mass types, thereby offering insights into the physicochemical properties and
sources of aerosol particles arriving at a rural background site.

MEASUREMENT AND METHODS

Two intensive campaigns (July 2019 and January — February 2020) were conducted.
Size-resolved PM chemical composition, as well as particle number size distribution in the
size range 10 - 800 nm were measured every 5-min by a compact time of flight aerosol
mass spectrometer (C-ToF-AMS, Aerodyne) and a Mobility Particle Size Spectrometer
(MPSS, IFT TROPOS, Leipzig, with CPC 3772, TSI). 1-min PM; equivalent black carbon
(eBC) concentrations were determined by aethalometer (AE33, Magee Scientific)
simultaneously with 4-h PM2.5 organic and elemental carbon concentrations (Sunset
Laboratory Inc.). Besides, PM; were collected for 12 h by a sequential sampler (LVS-3,
Sven Leckel Ingenieurbiiro) for subsequent chemical analyses (water-soluble ions and
monosaccharide anhydrides). Finally, 1-h PM2 5 mass concentrations (Environnement SA,
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MP101M) and meteorological parameters were also recorded.

The standard data processing procedure of AMS was carried out by running the
Squirrel v1.62 programme in Igor Pro data analysis software (WaveMetrics, Inc.).

The statistical data treatment was performed using R version 3.6.1 with the ggplot2
(Wickham, 2016) and Openair (Carslaw and Ropkins, 2012) packages.

To determine the collection efficiency (CE; Drewnick et al., 2005) in the AMS, PM1
filter sampling with subsequent ion chromatography (IC) analysis was conducted in
parallel with the AMS measurements.

The effective density (pefr) and material density (pm) was estimated along with the
dynamic shape factor (x) inferred from the two densities.

96 h backwards trajectories were calculated using the Hybrid Single-Particle
Lagrangian Integrated Trajectory (HYSPLIT) model (Rolph et al., 2017) with a 500 m a.g.l.
(above ground level) starting position and Global Data Assimilation System (GDAS)
Archive Information at a resolution of 1° x 1° as input data. The calculations were
initialized every 6 h for the cluster analysis. For the episodes of high mass concentrations,
the trajectory ensemble option with calculation initialized every hour and a total duration
of 72 h was utilized. The trajectories were further clustered using Hysplit4 software based
on the total spatial variance. From HYSPLIT, the planetary boundary layer height data
were extracted. For the planetary boundary layer height calculations, the 0.25° x 0.25°
Global Forecast System (GFS) dataset was used as input data to obtain a 3 h temporal
resolution.

RESULTS AND CONCLUSIONS

The average PM; concentration (sum of NR-PM1 and eBC) was 8.6 + 3.7 pug-m-3 and
10.1 £ 8.0 ug-m-3 for summer and winter, respectively. NR-PM; was mainly composed of
organics during both campaigns, followed by either SO4%- (summer) or NO3- (winter). The
size distribution of NR-PM; species was dominated by the accumulation mode in both
seasons, with larger particles for all species in winter as a result of aerosol ageing.
Organics showed the smallest modal diameter from all NR-PM; chemical species, which
suggests its condensation on pre-existing particles (Tab. 1).

Tab. 1: Mode diameter of mass distributions of species measured by AMS (D, corresponds
to the vacuum aerodynamic diameter (Dva)) for the summer and winter campaigns.

Org SO4% NOsz NHg*
Summer Dva (nm) 334 377 401 497
Winter Dva(nm) 413 501 547 517

Since the winter aerosols were less oxidized than the summer ones (comparing m/z
44 and 43), the importance of local sources in the cold season was to be considered.
Although aged continental air masses from the south-east (SE) were rare in summer (7
%), they were related to the highest concentrations of PM4, eBC, and all NR-PM; species,
especially SO42- and NH4*. In winter, slow continental air masses from the south-west
(SW) (44 %) were linked to inversion conditions over central Europe and were associated
with the highest concentrations among all NR-PM1 species as well as PM1 and eBC (Fig. 1).
The average PM| material density (pm) corresponded to higher inorganic contents in both
seasons (summer: ~1.30 g.cm-3 and winter: ~1.40 g.cm-3). The dynamic shape factors (x)
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decreased slightly with particle mobility diameter (Dm) in both seasons.
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Fig. 1: Geographical locations of the means of the clusters observed in summer (a) and
winter (b) along with boxplots of the PM1, N10-800, organic, nitrate, sulfate, ammonium,
and eBC concentrations in individual clusters measured during the summer (c) and
winter (d) campaigns. The boxes are color coded as the clusters, the black horizontal line
is the median, the boxes border the 25thand 75t percentiles, and the whiskers represent
1.5xIQR.

By examining individual episodes of high mass and number concentrations, we show
that the seasonal differences in the physicochemical properties of aerosol particles were
caused by the diversity of sources and were related to the different air masses and
meteorological conditions during summer and winter season. We also confirmed the
relation between particle size and age reflected both in its oxidation state and shape
factor. The results of these specific properties (density, shape, and oxidation state of
particles) have general validity and thus transcend the regional character of this study.
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INTRODUCTION

Aerosol particles in the atmosphere that allow water vapor to condense and form
cloud droplets are called Cloud Condensation Nuclei (CCN). Elevated concentrations of
CCN tend to increase the concentration and decrease the size of droplets. This can lead to
suppression of precipitation in shallow and short-lived clouds and to greater convective
overturning and more precipitation in deep convective clouds, Rose et al. (2010). The
response of cloud properties and precipitation processes to increasing anthropogenic
aerosol concentrations represents one of the largest uncertainties in the current
understanding of climate change. One of the fundamental challenges is to determine the
ability of aerosol particles to act as CCN under relevant atmospheric conditions.
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).
Long-term CCN measurements are performed at aerosol monitoring sites such as those
forming ACTRIS (Aerosols, Clouds and Trace Gases Research Infrastructure) network. In
this paper, we present the three-year experience of measuring 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).

EXPERIMENTAL SETUP

The instrument used for the CCN concentration measurements was a Dual Column
Cloud Condensation Nuclei Counter (CCN-200) purchased from Droplet Measurements
Technologies, USA. The DMT CCNC operates on the principle that heat conduction in air is
slower than diffusion of water vapor (Roberts and Nenes, 2005). The CCNC operates by
maintaining a positive temperature difference between the top and bottom of the column.
Inside the column, the supersaturated water vapor condition is caused by diffusion of
water vapor from the warm, moist column wall toward the centerline, at faster rate than
heat. In order to obtain homogeneous data sets with high quality CCN measurements, a
standard operating procedure (SOP) has been defined within the ACTRIS-2 project (WP3-
NA3). The SOPs are defined for both polydisperse and monodisperse measurements. The
CCN dual column counter we use allows us to make two simultaneous measurements of
CCN concentrations. Different combinations of supersaturations (SSs) can be used in each
column, so that data for multiple SSs can be collected during one measurement cycle.
Another option is to perform the CCN measurement in one column in a polydisperse
manner and in the other in a monodisperse manner. The advantage of monodisperse CCN
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concentration measurement is that fractions of activated aerosol particles can be
obtained on each SS for several particle sizes, so that two-dimensional CCN concentration
spectra can be obtained during one measurement cycle. In our measurements, we mostly
used the same SS in both columns during the measurement cycle, but in one measurement
period (No. 3 in Table 1) we used different SS in columns A and B. An overview of the
measurement campaigns can be found in Table 1.

Tab 1: SS settings of measurements in different time periods. No 1 - period from
24.6.2019 to 26. 2. 2020, No. 2 - period from 24. 6. 2020 to 21.9. 2020, No. 3 - period
from 21.9.2020 to 14. 10. 2020, No. 4 - period after WiIN10 System Upgrade from
14.4.2021 until now.

SS [%] 0.1 0.15 0.2 03 05 1
No.1 Time 10 6 6 7 8 8
[min]
SS [%] 0.1 0.2 03 05 1
No. 2 Time 20 10 10 10 10
[min]
SSa [%] 0.15 0.2 0.25 0.5 0.7
Time 20 10 10 10 10
[min]
SS [%] 0.1 0.2 03 05 1
No.4 Time 10 7 7 8 8
[min]

Apart from the above-mentioned advantages, the CCN-200 also has some
disadvantages compared to the single-column CCN-100. They arise from the fact that the
same size box can accommodate two instruments instead of one. As a result, the
replacement of some spare parts (sheath flow filters, Nafion, etc.) is more complicated
due to the poor access to these parts. Another problem occurs during the transition period
from the highest to the lowest SS. The amount of heat that must be removed from the
cover is twice as large and it takes longer to stabilize the temperatures for new SS than
for the CCN-100 single-column instrument. This must be taken into account when setting
the time for the measurement cycle overlay. Unfortunately, there is no reference to this
phenomenon in the CCN-200 instruction manual. The water consumption is also twice
that of the CCN-100, which is not insignificant when measuring in remote locations.
Therefore, we have replaced the original 0.5-liter bottles with 2-liter bottles, which allows
8 days of continuous operation of the CCN-200.

INTERCOMPARISON AND CALIBRATION WOKSHOP

In March 2020, we participated in an intercomparison and calibration workshop at
TROPOS in Leipzig, Germany, where calibration of flow rates and SSs as well as
intercomparison measurements with our CCN-200 and four other CCN-100 instruments
were performed. On this occasion we also found out the problem with the cooling of the
optical detector. The results are shown in Fig. 1a. We can see that the temperature T is
almost constant and the temperatures T; and T3z change up and down quite rapidly when
SS changes. Topc also increases rapidly but decreases very slowly. This is due to the fact

91



that the optical cell is heated but not cooled. In fact, at the end of the 10-minute
measurement interval for SS 0.1%, Topc is still about 6 °C above T3 (the correct value for
Tope sec in the CCN-200 software is Tz + 2 °C). Of course, Topc should be higher than T3 to
prevent fogging of the optical cell, but too high Topc leads to evaporation of condensed
water and loss of droplets. Studies with DMT have shown (Operator Manual, 2018) that
Topc can be up to 5 °C above T3 without decreasing concentration. At a Topc of 7 °C above
Ts, there is a 20% loss of droplets, which is similar to the case of our measurements with
10 min interval for SS 0.1%. After adjusting the measurement interval at SS 0.1% to 20
minutes, see period No. 2 in Table 1, the difference between Topc and T3 at the end of the
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Fig. 1a, b: Time dependences of temperatures at CCN-200 for 45 and 60 minutes
measuring cycles. T, Tz and T3 - temperatures at column top, middle and bottom, Tsample
- temperature in the inlet manifold, Topc and Opc Set - measured and set temperature in
the optical cell.
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measurement interval did not exceed 5 °C, see Fig. 1b, so we can consider the
measurements in period No. 2 to be correct.

CCN-200 - WIN10 SYSTEM UPGRADE

At the end of 2020, we accepted a quote from DMT for CCN-200 - WIN10 System
Upgrade. The upgrade included: WIN10 Electronic System Hardware Upgrade, WIN10
Operating Software & Driver Installation, Win10 CCN-200 Software Installation and
regular maintenance, factory calibration and door-to-door logistics. We were told that the
functionality of the unit after the upgrade was the same as before, but that was not the
case. Water consumption is now about 15% higher, so the 2-liter supply bottle is used up
in 7 days instead of 8. The main difference, however, is in the setting of the SSs. In the
Win7 CCN-200 software, the length of the measurement time for each SS was exactly the
same as specified by the user in the SS settings table, regardless of whether the
temperatures were stabilized or not, so the times for each SS and for the entire
measurement cycle were precisely defined. In the WIN10 CCN-200 software, the
measurement time for each SS consists of two parts: the unknown time required to
stabilize all temperatures, including Top,, and the time defined by the user for the
measurement itself in the SS settings table. Temperatures are considered stabilized when
the difference between the set temperature and the measured temperature is < 0.4 °C.
The sum of unknown times for each SS during the measurement cycle is almost 20
minutes, mainly for the transition from the highest SS to the lowest. Originally, this time
was even longer, but it was significantly shortened by using a new insulation of the optical
cell. From the above, it is obvious that we cannot specify exact times for individual SS or
for the entire measurement cycle. Another novelty of the upgrade is that the user can
choose between two measurement modes: System Stability and Individual Stability. In
system stability, the SSs and time intervals in both columns must be the same. The
measurements in both columns are then synchronized, i.e. the measurement cycles in
both columns start and end at the same time. In Individual Stability mode, the user can set
different SSs and different time intervals in each column, but the measurement cycles in
each column are different in length and the measurements are not synchronized.

Even with Win7 system, CCNC would occasionally reboot spontaneously, with a
frequency of reboots every month or two. This was strange, but acceptable. However,
after the system upgrade, the frequency of reboots gradually increased, eventually ending
in a cyclic reboot and eventual system collapse. As a result, we sent CCNC back to DMT for
warranty repair and were surprised to find that the problem was resolved very quickly.
We were told to use UPS for the CCNC power supply to avoid voltage fluctuations.
However, this did not work. After about two months, the problem repeated itself with
spontaneous reboots and the system breaking down. The diagnosis made by our
employee from IT together with technicians from DMT revealed that the problem was
most likely a damaged PC of the CCNC. Initially, we thought we would have to buy a new
PC and replace it ourselves. However, we were pleasantly surprised. DMT staff (sales
manager and technicians) visited our institute and replaced the damaged PC, helped
calibrate the flow rates, and accompanied us to NAOK to see the installation of the CCNC
at aremote site. Since then (November 16, 2021), the CCN-200 has been working properly
with no spontaneous reboots.
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RESULTS AND CONCLUSIONS

We have been collecting CCN concentration data through NAOK since June 2019. Until
October 2020, we used the Dual CCN.exe program running on WIN7 operating system.
This data is almost ready to be submitted to the EBAS database. However, the data set
from June 2019 to February 2020 contains CCN concentrations at SS 0.1%, which were
underestimated by 10 - 20% due to the short measurement interval and Topc being too
high. Data collected after CCN-200 - WIN10 SYSTEM UPGRADE have an undefined
measurement cycle length. For these data, the procedure for submission to the EBAS
database still needs to be worked out and approved by NILU.
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SUMMARY

Energetic ions of MeV energies supplied mainly by electrostatic accelerators are
nowadays for a long period of time successfully used for the aerosol elemental
characterization by PIXE, RBS, PESA and PIGE methods worldwide. Laboratory of nuclear
analytical method at NPI AV CR in ReZ near Prague has more than thirty years’ experience
in utilizing these methods for the aerosol analysis as well. Two experimental vacuum
target chambers are available in beam lines of 3MV TANDETRON 4130MC accelerator.
One designated for broad beam measurement simultaneously by above mentioned
techniques and second for microbeam measurement with lateral resolution of about 1pm
and scanning area of 1-2mm?2.

Obr. 1: Usporddani iontovych tras na Tandetronu 4130MC. lontovd mikrosonda je
umisténa na trase -10°, komora pro simultanni analyzy PIXE, PIGE,RBS a PESA na -30°.
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METODY, URYCHLOVAC A VZORKY

Jaderné analytické metod vyZivajici energetické ionty s energiemi o oblasti jednotek
MeV, nejcastéji urychlenymi pomoci elektrostatickych urychlovaci, jsou jiz dlouhou dobu
uspésné vyuzivany také kprvkovym analyzam vzork atmosférickych aerosolt.
Kombinaci metod PIXE (Casticemi buzend rentgen fluorescence), RBS (rutherfordiv
zpétny rozptyl), PIGE (¢asticemi buzena emise gama zareni) a PESA (elasticky rozptyl
protonti) lze za vhodnych podminek a vhodné zvolené podlozky k depozici aerosolu
pokryt prakticky celé spektrum prvki periodické soustavy vcetné analyz vodiku.
V soucasnosti nasSe laborator disponuje elektrostatickym urychlovacem tandemového
typu (Tanderton 4130 MC od firmy HVEE) sterminalovym napétim 3MV schopnym
urychlovat vétSinu iontti na energie od stovek keV do jednotek az nizsich desitek MeV. Pro
analyzu aerosoll jsou nejvhodnéjsi protony s energiemi mezi 1-4MeV, ptipadné castice
alfa (jadra He) mirné vyssich energii. K analyze aerosolti jsou k dispozici dvé tercikové
komory na trasach -30st. (mnohotcelova komora s moZnosti simultannich analyz PIXE,
PIGE, RBS a PESA s moznosti umisténi dalSich detektorl podle pozadavku experimentu)
a-10st. (iontova mikrosonda s lateralnim rozliSenim okolo 1pm a skenovanou plochou do
1-2 mm? s moZnosti analyz PIXE, RBS, STIM s mozZnosti rozsifeni o dal$i metody).

Jaderné reakce (NRA) {/" Indukovany naboj (IBIC)
*

Zareni gama (PIGE) VyraZené ionty (ERDA)

lontovy svazek Pro3lé ionty (STIM)

Zaveni X (PIXE) «— -

&~ Z

Rozptylené ionty

OdraZené castice (RBS) (PESA, OFF axis STIM)

Sekundarni elektrony (SEI)
Svétlo (IL)

Obr. 2: Zakladni procesy vyvolané svazkem urychlenych ionti ve zkoumaném vzorku.
K analyze aerosolti se vyuzivaji predevsim metody, PIXE, PIGE, RBS a PESA.

Pro co nejlepsi vysledky analyz je potieba spravné volit odbérové zarizeni i slozeni
odbérovych folii s nizkym obsahem stopovych znecist'ujicich prvki (blankem). Pro
analyzu vodiku jsou vhodné tenké teflonové filtry. Pro tloustku félie je vhodné volit co
nejtenci k potlaceni pozadi od sekundarnich elektront. Pri volbé tlustSich substratt
nebo tlustsich depozit z kaskadnich impaktorti je casto nezbytné provést korekce na
tloustku depozitu. V piipadé dostatecného mnozstvi odebraného aerosolu je také mozné
volit vzorky v podobé tenkych lisovanych tablet.
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INTRODUCTION

Atmospheric non-thermal plasmas produce mixtures of reactive oxygen and nitrogen
species (RONS). The plasma-water interaction enables the transport of these RONS to the
liquid water, which is significantly enhanced by converting bulk water to aerosol
microdroplets [1]. Having different Henry’s law solubility coefficients (ku) under the
equilibrium conditions, the expected solubility of various RONS is very different. We
investigate the transport of RONS into the water aerosol microdroplets, under
nonequilibrium conditions characteristic of plasma-water interactions.

EXPERIMENTAL SETUP AND METHODS

The transport of gaseous H202, HNO2, NO2, NO, and O3 into the bulk water and the
aerosol of electrosprayed (ES) and nebulized microdroplets is investigated. Gaseous H202,
HNO2, NO2, NO, and O3 species are first provided by external sources (liquid H202 or HNO,
NO2 and NO mixtures from pressure tanks, ozone generator). UV-Vis spectroscopy
colorimetric methods are used for the chemical analysis of the dissolved species (H20>,
NO; , NOs , and 03) in water. The concentrations of gaseous H202, NO, and O3 are
measured using electrochemical gas sensors, while HNO2 and NO; are measured by UV-
Vis absorption spectroscopy.
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Fig. 1: Schematic of the experimental setup of plasma discharge interacting with
electrosprayed or nebulized water aerosols.

Figure 1 shows the schematic diagram of the experimental setup with the streamer
corona plasma discharge in contact with water aerosols. The solvation of RONS in water
is compared in two types of microdroplets: charged microdroplets produced by
electrospray (ES), and nebulized non-charged microdroplets.
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RESULTS AND CONCLUSIONS

Figure 2 shows the total molar number of the dissolved aqueous RONS within 1 min
plasma treatment at 0.5 ml/min water flow rate. The solvation of the gaseous H202, HNO,
NO2, NO, and O3z into water is enhanced by the increasing gas-water interface surface area
obtained during the ES or nebulizing aerosolization compared to the transport of RONS
into the bulk with a fixed surface area. H202 was solvated in water 4 orders of magnitude
more efficiently than Oz, despite the 7 orders of magnitude larger ku. This is because H20>
is completely depleted from the gas, unlike O3z molecules. HNO: is well solvated into the
water, producing aqueous NOz , with 3 orders of magnitude higher efficacy than O3, which
correlates with their ratio of ku. NOz and NO are solvated in water also making aqueous
NO: , with 2 orders of magnitude higher efficacy than O3, despite similar k.

The amount of H202 and NO3 dissolved in the nebulized microdroplets is higher
compared to that in the ES microdroplets due to larger plasma-water interface area in
nebulized microdroplets (~5 pm). On the other hand, the production of NO2 (aq), mainly
from HNOz [2], is higher in the charged ES microdroplets, despite their larger size (~20-
100 pum). The microdroplet size distribution was measured by using high speed camera
in parallel with our novel laser/LED attenuation technique [3].

Our results lead to a better understanding of the transport mechanism of plasma-
generated gaseous RONS into the water and enable optimization of the plasma-liquid
systems for multiple applications in biomedicine, environment, and agriculture.
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Fig. 2: Amount of dissolved aqueous RONS formed by streamer corona discharge in
electrosprayed vs. nebulized water aerosol.
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INTRODUCTION

The COVID pandemic increased the global interest in high quality respirators or
generally any Personal Protective Equipment (PPE) of respiratory tract. In order to assess
the quality of the used PPE it is important to know the filtration efficiency (FE) and
pressure drop (breathing resistance) of the PPEs.

Currently used filtration efficiency standards, such as EN149, were not developed to
test the PPE FE against particles in sizes of viruses (i.e. < 200 nm). On top of this, the result
of EN149 standard filtration efficiency testing is a single number, which could be
described as an average filtration efficiency of the tested PPE over large size range of
potentially dangerous aerosol particles. The penetration of these particles through the
filtration material is a function of their size. Unfortunatelly, the size of “naked” SARS-CoV-
2 virus particles (i.e. 80-150 nm) is in the size range, where the main physical mechanisms
have very small effect on particle deposition inside the filtration material. Therefore, it is
important to know ideally the size-resolved filtration efficiency of the PPE in order to
obtain the information about the real protection efficiency of the PPE against the relevant
dimensions of the dangerous particles. Such measurement also allows to find the size of
the particles penetrating with the highest percentage through the material of PPE (MPPS),
which is a crucial parameter to estimate the protection level of the PPE against specific
agents, including e.g. SARS-CoV-2 virus particles.

Furthermore, during COVID pandemic many people were using the PPEs for longer
time than it was suggested by the manufacturer or tried to use home-made or web
community recommended decontamination/disinfection/antiviral treatments. Such
treatments may severely destroy the structure of the filtration material and alter the
filtration properties as compared to the original piece of the PPE and thus not protect the
wearer properly against harmful particles. This work aims to estimate the change in the
size-resolved filtration efficiency of different respirators after application of selected
decontamination/disinfection treatments.

EXPERIMENTAL SETUP

The size resolved penetration through the material of PPEs (circular sample) was
measured using filter testing system developed at LACP ICPF CAS. The simplified
schematics of measurement apparatus can be seen on Fig. 1. The measurement was
conducted with the flow rate of 8.7 1/min, corresponding to face velocity of 10.6 cm/s
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across the sample of the material with active diameter 42 mm given by filter holder
geometry. This face velocity is derived from a required flow rate of 95 1/min (according
to EN149 standard) through the recommended cross-section of a respirator (facemask)
of 150 cm?. The challenging aerosol was generated by a nebulizer (AGK-2000, Palas) by
dispersion of salt solution of (NH4).SO4 having concentration of 1 g/l. The generated
aerosol was dried in the diffusion drier containing silica-gel, after that the Boltzmann
charge distribution on aerosol particles was achieved by passing through a neutralizer
with 8XKr and then the treated aerosol continued into an electrostatic classifier
(Electrostatic Classifier, EC Goliath, Research Workshop of ICPF CAS). The monodisperse
fraction of the generated aerosol, selected in the classifier by corresponding voltage on
the inner electrode, was diluted in the mixing volume so, that the required flow rate
through the tested sample was reached. The number concentration of aerosol particles of
given size was determined at the same time upstream and downstream the tested
filtration material by two CPCs (Condensation Particle Counter).
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Fig. 1: Schematics of measurement set-up.

The position of the two CPCS was alternated for every selected size of the particles
using the pair of electromagnetic valves. The valve switching allows avoiding any errors
in measurement due to possible differences in the measurement of both counters. The
changes in filtration material properties during the measurement (e.g. filter loading by
challenging aerosol) were monitored by the measurement of pressure drop across the
filter.

This approach has several advantages as compared to EN149 standard. It has to be
considered that the EN 149 standard uses polydisperse aerosol and the method itself is
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different from our approach. Moreover, the EN 149 is burdened with many artifacts,
which are in most of the cases overestimating the filtration efficiency, and is not very
suitable for judging the efficiency of the filtration materials against particles in the sizes
from tenths to hundreds of nanometers (the size of SARS-CoV-2 particles was estimated
to vary between 80 to 150 nm).

The EN 149 standard uses as a challenge aerosol so called polydisperse aerosol
(mixture of sodium chloride particles covering the particle size range 20 nm - 2 um with
mass median diameter at 600 nm and corresponding count median diameter at 360 nm).
In most of the cases, the modern filtration materials are having very good filtration
efficiency at 360 nm, which is the size of the highest concentration of the challenging
aerosol according to EN 149. However, the real MPPS of these materials is usually bellow
100 nm. Furthermore, the detection method giving the information about particle
concentration in EN 149 is size dependent - i.e. the larger particles (hundreds of
nanometers to units of micrometers) give much more intense signal and these particles
are removed by the material with very high efficiency, therefore the resulting filtration
efficiency is distorted towards higher numbers.

Several different types of respirator were chosen for the measurements in order to
cover a part of the commonly used respirators available on the market (Tab. 1).

Tab. 1: List of tested respirator types.

Type (Name) Manufacturer EN 149 class
ADD Air Active 5500 Air Active FFP3 NR
G&W GDGP3 Guandong Tengsheng FFP3 NR
General Public Protection General Public FFP3 NR
PHARMAWEX Ro1l PHARMAWEX FFP2 NR
Refil 750 Refil FFP3 NR
SpurTex V100 SPUR FFP2 NR

Tab. 2: List of applied decontamination/disinfection treatments.

Abbreviation Decontamination Repetitions
treatment
T1 Thermal 1x
T3 dry heat 70°C 3x
T10 60 min 10x
E1l Ethanol 1x
E3 75% bath 3x
E10 15 min 10x
CH1 Chlorine based 1x
CH3 0.6% NaClO bath 3x
CH10 30 min 10x
PV1 Peroxyacetic acid 1x
PV3 saturated vapours 3x
PV10 atmosphere 10x
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The decontamination/disinfection treatments were selected to cover part of available
approaches (Tab. 2). The treatments were repeated once, 3 and 10 times to see the effect
of repeated procedure on the size-resolved filtration efficiency of the respirator materials.

RESULTS AND CONCLUSIONS

Most of the small changes in FE after different decontamination/disinfection
treatments is most probably caused rather by the differences in the filtration efficiency of
the original material - piece to piece variability in filtration material quality (see Fig.2).
Most of the PPEs originally meet their declared EN149 class (checking @CMD=360 nm,
which should correspond to MMAD=600 nm according to EN149). And all the materials
have MPPS < 100 nm.
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Fig. 2: Size-resolved filtration efficiency for different PPEs after application of various
decontamination/disinfection treatments.

However, some more pronounced negative effects can be seen after applying the
ethanol bath (for all the respirator types). This effect can be twofold. The removal
of the electrostatic charge, originally enhancing the filtration efficiency of the PPE
material, by the application of liquid can be one reason for lowered filtration efficiency.
The other negative effect can be partial destruction of the structure of filtration material
by ethanol (i.e. dissolution of the glues or other damage caused by the interaction of
ethanol with the filtration material).
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INTRODUCTION

Inhaled fibres are known to induce various adverse health effects due to their ability
to penetrate deep into the lower regions of the human lungs. This behaviour, however,
could potentially be used for delivery of therapeutic drugs to alveoli. Such conversion of
originally adverse behaviour to a beneficial and health-improving solution would be not
only witty but also potentially commercially attractive. The reason why this potential has
not been exploited so far grounds, besides other factors, also in the fact that our current
mathematical or computational models are unable to precisely predict the delivered dose
for a specific patient. Experimental data on the flow, orientation and “flips” of fibres are
needed to improve the current mathematical models. This contribution presents the
experimental setup and statistically evaluated data on the behaviour of rigid micrometre-
sized fibres in the replica of the first bifurcation in human airways under transient
conditions.

EXPERIMENTAL SETUP

The fibres prepared from a glass wool Supafil® Loft (Knauf Insulation GmbH,
Simbach am Inn, Germany) were used for the experiment. The wool was crushed by a
mechanical press to produce fibres.

The fibres were introduced into a 1.5 m tube of the diameter corresponding to the
diameter of the human trachea which was equipped with the 3D-printed realistic airway
bifurcation (Lizal et al. 2022). The diameter of the fibres was 4 to 6 um and the length was
30 to 50 pm. A FASTCAM SA-Z high-speed camera (Photron, Japan) with long-distance
microscope 12X Zoom lens (NAVITAR, New York, USA) composed of 2X F-mount adapter
(type 1-62922) and 12 mm F.F zoom lens (type 1-50486) was used to record the fibre
flow. The image spatial resolution was 1.5 um per pixel, and image maximal dimensions
were 1.5 x1.5 mm for 1024x1024 px. The flow was illuminated by background light using
a pulse LED light model HPLS-36DD18B (Lightspeed Technologies, USA). The light pulse
duration was 400-800 ns.
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Fig. 1: Positions of measuring points upstream and downstream of the replica of the first
bifurcation in the human airways.
RESULTS
The recordings allowed us to evaluate orientations of fibres in areas upstream and
downstream of the bifurcation and observe the changes during the flow through the
measuring window. Also, trajectories and the nature of “flips” (sudden changes from
perpendicular to parallel orientation of fibre to the streamlines) were analyzed.
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Fig. 2: Trajectories and flips of fibres during transient inhalation flow downstream of the
bifurcation. The asterisks denote flip from perpendicular to parallel orientation to the
streamlines, the circles the opposite.

ACKNOWLEDGEMENT

This work was supported by the Czech Science Foundation under the grant GA22-20357S.
REFERENCES
LIZAL, F., M. CABALKA, M. MALY, J. ELCNER, et al. On the behavior of inhaled fibers in a

replica of the first airway bifurcation under steady flow conditions. Aerosol Science and
Technology, Mar 2022, 56(4), 367-381.

104



ON PARTICLE COAGULATION IN ELECTROSTATIC PRECIPITATOR

Oleksandr MOLCHANOV?, Kamil KRPEC?, Jit{ HORAKY, Frantisek HOPAN!

LEnergy Research Center, Technical University of Ostrava, Czech Republic,
smokeman@vsb.cz

Keywords: Electrostatic precipitator; Particulate matter; Pollution control; Coagulation

SUMMARY

The particle concentration in the electrostatic (ESP) precipitator is expected to
evolute under electrostatic removal and enhanced coagulation by the charge on the
particle, applied electric field and turbulence induced in gas flow by ionic wind can. In the
present work, the contribution of coagulation is reasoned and confirmed by experimental
measurements carried out at the ESP used to control emissions from a 90-kW boiler with
biomass combustion. ESP was operated in two operating modes to ensure different
coagulation conditions, and the changes in the particle concentrations were predicted and
measured. It was found that coagulation can be responsible for up to 5 % removal
efficiency depending on ESP operation parameters.

INTRODUCTION

Modern small-scale boilers generate emissions of ultrafine particles ranging from
50 to 200 nm. The worldwide distribution of such boilers and the hazards of these
emissions to public health make this issue of global interest. Appropriate technology can
suppress these emissions.

The usual Electrostatic precipitator consists of the discharge and collection
electrodes and uses an electric field generated between electrodes to charge and
precipitate particles. The corona discharge occurs in ESP ionising gaseous medium, then
generated ions charge with particles. The electric field forces charged particles to move
towards the electrodes removing them from the gas flow. The electric field also induces
an ion movement-the ionic wind, which causes the gas flow pattern to become turbulent
enough to affect the particle movement. A weak charge, typical for fine particles, makes
this turbulence particularly essential for the precipitation of submicron particles.

The Deutsch precipitation model (Deutsch, 1922) for predicting ESP removal
efficiency suggests that the particle distribution is uniform in the ESP cross-section and
does not consider the effect of ion-generated turbulence. Consequently, some calculation
inaccuracy is involved in predictions of ESP removal efficiency, which become noticeable
for precipitation of ultrafine particles in small-scale ESPs with short residence time and
weak electric parameters. So, for accurate technical ESP modelling, these processes must
be respected.

Some accurate complex software, such as FLUENT or COMSOL, are known based on
solving the Navier-Stokes equation. However, such methods request appropriate skills
and are not always available to boiler producers; therefore, their usage in the usual
engineering practice is limited. This work aims to develop a simplified method for ESP
modelling.
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PREDICTION METHOD
In the present work, the particle concentration of particles of specific size is
assumed to reduce in ESP by i) electrostatic removal defined by the Deutsch method:

ac A
() gop =~ 2 Cor m
Where A-is an ESP collecting area and Q- is a gas flow.
and ii) loss of specific particles by coagulation, specified by the Smoluchowski equation

(Smoluchowski 1916).
dac _ 2
(%), = —KxCo 2)
The particle coagulation in the present work is considered monodisperse: particles
of each specific size are suggested to coagulate to a target 1-um - outside the size range
of interest. Consequently, the resulting evolution in concentration (Z—f) for particles of a
specific size (d, ) is considered as further
dac 2 A
a —KrCy™ — 2 Cowy (3)
Electrostatic precipitation
The critical parameter in the operation of ESP is the particle drift velocity wy,
which is strictly depends on electric field strength E,,,, the medium viscosity y and

particle size d,, and charge Q,:

__ EqvQpe .
Wf - 3mud, CCu (4)

Fuchs and Sutugin propose to evaluate a charging rate for an ultrafine particle with
respecting the image forces (Fuchs and Sutugin, 1971):
—_— 2
L _ n(v)%N (1 + e ) (5)

dt 4€odpkpT

Particles concentrations reduced by precipitation C; can be defined by the
analytical solution of Equation (1):

A
Cp = Cpe @7 (6)
Coagulation
The Brownian motion of aerosol particles in an undisturbed medium inevitably
results in arbitrary continuous coagulation, which kernel can be found:
Kg = 4ndD;Ccy, (7)
Where C.,, —Cunningham correction factor, D;- Particle diffusion coefficient
However, the coagulation problem becomes more complex under corona discharge
in energised ESP. So, further coagulation mechanisms should be discussed
Turbulent coagulation
lons in the electric field are influenced by concentration/temperature gradient and
the applied external field; therefore, secondary narrow jet-like flows of ionic wind are
formed in the ionised gas. The velocity of ionic wind increase can achieve a value of the
same order of magnitude as the velocity of the main gas flow. The turbulent coagulation
kernel (Saffman and Turner, 1956) defines as.

8
Kr=g /fd%}u (8)

Gradient coagulation
The formula (4) shows that the velocity of charged particles towards the electrodes
is individual for each particle size. The drift velocity of the studied particles in the
experimental ESP ranged by a few centimetres per second. This velocity gradient is
negligible and cannot affect the particles' behaviour, so gradient coagulation is not
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considered.
Shear coagulation
The particle inertia and following the turbulent flow eddies are ignored, so the
motion of charged particles is regarded for newly arrived particles as transversal laminar
shear causing the coagulation. The monodisperse shear coagulation kernel K, is related

to Brownian Ky kernel as follows (Sinajskij et al., 2002):
3
Ksn = %KB 9)
Electrically affected coagulation
Fuchs (Fuchs, 1955) defines the effect of particle charge by the kernel for charged
particle coagulation K., as Brownian coagulation kernel Kz multiplied by the factor £.
Since the particles charg in ESP is predominantly unipolar, the electrostatic dispersion in
the present work is respected, so the coagulation factor f for monodisperse particles with
unipolar charge was determined here as (Green and Lane, 1964):
y (e0p)
b= ey—1 Ty Y= 47T60kprdp (10)
The coagulation kernel K respecting the effect of the ESPelectric field was

obtained as follows (Lianze et al., 2005):
2dpEqy

Kr = 3 “Cey (11)
Effective coagulation kernel
The effective kernel Ky of coagulation in energised ESP is obtained by summing the
kernels for the above mechanisms:
K = Kr + Kgp, + Kop + Ki (12)
Particle concentration, reduced by coagulation C. during electrostatic

precipitation, was defined by the analytical solution of Equation (2):
Co

KgtCo+1

(13)

CC =
EXPERIMENTAL APPARATUS AND METHODS

The contribution of coagulation was investigated in an experimental set-up shown
in Fig. 2.

ESP

Boiler

Fig. 2 Experimental set-up

The typical automatic 90-kW boiler with wood pellets combustion was used. The
measurements were undertaken when boiler operation was stabilised: CO concentration,
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combustion gas temperature negative pressure of 15 Pa in the boiler stuck were constant.

Combustion gases were cleaned from particles in the vertical honeycomb ESP. The
ESP was operated in two modes: at high voltage 9 and 12.5 kV, ensuring a corona current
of 10 and 40 mA, respectively. All tests were repeated five times for each ESP operating
mode.

The removal efficiency was estimated by comparing the particle concentration with
ESP on/off. The changes in numerical particle concentrations caused by ESP operation
were measured simultaneously by The Dekati Electrical Low-Pressure Impactor (ELPI)
and TSI Electric Mobility Spectrometer (SMPS), composed of serially working a
differential mobility analyser (DMA) and TSI Condensation Particle Counter Model 3775
(CPC). To adopt samples to the capacity of measuring equipment, a two-stage Dekati fine
particle sampler FPS-4000 was used to dilute the flue gas.

The SMPS mobility equivalent diameter was approximated to the Stokes diameter,
and the ELPI results were recalculated to Stokes diameter using the fly ash particles
density at 2 g/cm3. Obtained concentrations were normalised to the volume unit of dry
gas at 101.325 kPa, 0 °C, and reference 02 of 10%.

RESULTS AND DISCUSSION

Experimental conditions and ESP parameters. The ESP operation parameters and
conditions of the experiments are presented in Tab. 2.

Tab. 2: Average experimental parameters of the ESP

. ESP regime
Parameter Unit A B
Gas temperature, °C 85
Gas flow Q ** m3/h 556
Residence time in ESP, t S 2.5
Specific collecting area m2/(m3/s) 136
Electric current in ESP, I mA 40 5
Voltage on ESP, U kv 12.5 9
Electric field strength, Eav ~ x10°V/m 2.8 1.8
Concentration of ions, N x101%ions/m3 2.3 0.7

*in dry flue gas (0 °C, 101.3 kPa); at reference 02 = 10 % vol.
** effective value, valid at the given actual temperatures and actual atmospheric
pressures.

Coagulation mechanisms

Fig. 3 compares the Brownian coagulation kernel with kernels for coagulation due
to studied mechanisms at operation regimes of ESP.

The values of turbulent K, charge K, and electric field K coagulation kernels were
calculated for both ESP operation regimes and compared as ratios to the Brownian
coagulation kernel.

Intensified parameters of the ESP demonstrate the growing importance of the
electric field for coagulation: the excess over Brownian coagulation becomes more
significant for finer particles. The relatively low effect of turbulence on coagulation was
observed: the low Reynolds number of about 1200 can explain this.
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Particle size distribution

For particles of interest, the ELPI and SMPS demonstrated similar measurement
results for particles of interest for all ESP regimes (see

Fig. 4). Predicted with considered coagulation results appear closer to measuring
results than calculations involving electrostatic precipitation purely. Because
enhancement in electric field strength and enrichment in ion concentration are much
more supportive for particle charging and removal than for coagulation through
discussed mechanisms, the coagulation effect was less significant with an increased ESP
efficiency.
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Fig. 4 Measured and predicted particle size distribution

The maximal contribution of coagulation was stated at about 5% for particles with
a diameter of 70 nm. The coagulation effect is least pronounced for partially charged
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particles with a diameter of less than 40 nm. Thus, enhanced coagulation can explain the
increase in removal efficiency observed for partially charged particles with
intensification from the electrical parameters of the ESP encountered in (Zhuang et al.,
2000).

CONCLUSIONS

Coagulation in the corona discharge field was studied in the experimental ESP used
to control PM emissions from a 160-kW automatic boiler with wood pellets combustion.
Two operation con condition of ESP was studied.

The evolution of particle concentration and size distribution was predicted
respecting the electrostatic removal and coagulation enhanced in energised ESP. Particle
size distribution was obtained by measurements and compared to the theoretically
predicted one.

The particle charge and the external electric field have the most substantial effect
on coagulation, while the effects of turbulence and shear were negligible. The resulting
coagulation can contribute to ESP removal efficiency by up to 5% and explain the
discrepancy between theoretical prediction for ESP removal efficiency and measurement
results. The accuracy of ESP removal efficiency for ultrafine particles can be ensured by
respecting coagulation.
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INTRODUCTION

Unlike primary aerosols, secondary aerosols (SA) are formed long after the emission
into the atmosphere through gas-particle conversion processes. SA are divided into
secondary inorganic aerosols (SIA) and secondary organic aerosols (SOA) based on their
chemical composition. SA and SOA have significant contribution to global PM and hence
affecting climate, air quality and health (Hallquist et al., 2009). In urban areas, organic
aerosol fraction from the submicron PM can be over 50 % and 2/3 of it can be SOA (Nault
etal, 2021).

Gaseous compounds that produce SA are called precursors. These precursors go
through reactions in the atmosphere which may increase their particle formation
potential. SIA precursors and their reaction are well known making modelling of the SIA
particle formation possible. However, vast number of different SOA precursors and their
complex reaction make modelling on SOA particulate formation very difficult. (Hallquist
et al., 2009) SOA precursors are volatile or semivolatile organic compounds that will
undergo oxidation in the atmosphere producing compounds with sufficiently low
equilibrium vapor pressure for nucleation or condensation, this process is also referred
to as aging (Kanakidou, 2005).

Formation of secondary aerosols have been studied using environmental chambers
and oxidation flow reactors (OFR). In both cases, sample is introduced to the chamber
where humidity, ozone concentration and UV-irradiation are accurately monitored and
controlled. OFR’s are compact constant flow reactors that provide fast aging of the sample.
Processes that would take days in atmosphere are achieved in a time scale of minute
inside of the OFR. Dekati has brought to the market Dekati® Oxidation Flow Reactor
DOFR™ which is based on the TSAR (TUT Secondary Aerosol Reactor), an OFR designed
and introduced by Tampere University (formerly known as Tampere University of
Technology) (Simonen et al., 2017). DOFR has 12 UVC lamps with wavelength of 254 nm
to produce hydroxyl radicals inside the reactor. UVC intensity can be modified by
activating or deactivating any number of these lamps. Integrated ejector diluter is used to
produce and maintain constant flow through the reactor and provide high volume output
for multiple instruments.

EXPERIMENTAL SETUP

We have carried laboratory and field tests to characterize and demonstrate the
performance of the DOFR™ with both laboratory and field tests.

Maximum aging power of the reactor was tested using carbon monoxide as marker
gas and measuring the decrease of carbon monoxide concentration inside the reactor with
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varying aging conditions. Residence time distribution and laminarity of the flow through
the reactor were determined using salt particles and two condensation particle counters.

To verify performance with a real-world emission source, potential aerosol mass
from an idling TSI gasoline engine was measured. Sample was first diluted with particle
free pressurized air and then introduced through a Nafion humidifier. After
humidification, ozone generated with separate generator was introduced to the sample.
Sample was then introduced to DOFR™, where aging conditions were modified mainly by
increasing the UVC-intensity inside the reactor. After the reactor, Dekati® High resolution
ELPI®+ was used as an aerosol instrument to measure produced secondary aerosol mass.

RESULTS AND CONCLUSIONS

Decrease of carbon monoxide concentration inside the reactor is converted to
equivalent age in the atmosphere using following equations:

_ 1 [co]o
[OH]exP " komco *In ([CO]f) (1)
(2)

[OH]exp
1.5%x10% molec./cm3s
Where, 1.5e6 molec./cm3*s equals the average hydroxyl radical reactivity in the
atmosphere. Figure 1 presents results as equivalent age while using maximum UVC
intensity and different ozone concentration and relative humidity levels.
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Fig. 1: Equivalent aging time of DOFR™ with varying humidity and ozone concentration.

As can be seen, equivalent aging time of 1 month can be achieved with suitable reactor
parameters.

Figure 2. presents secondary aerosol mass size distributions from a 1.4 liter TSI
gasoline engine.
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Mass size distribution after DOFR™
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Fig. 2: Secondary aerosol mass size distributions from a 1.4 liter TSI engine with varying
aging conditions.

Different lines represent different aging conditions. UVC-intensity was the main
parameter for aging control. With increasing UVC intensity (number of active UVC-lamps),
produced SA increases, reacing maximum with 8 active lamps. With futher increase of
UVC intensity, the produced SA mass starts to decrease which is typical for secondary
aerosol processes.
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INTRODUCTION

The sources of particulate matter in the atmosphere which are then enriched with
toxic elements or compounds have been widely investigated in many Works (Rodriguez
et al., 2004; Rogula-Koztowska et al., 2015). In several papers it was remarked that, in the
cold season, the principal source of PM emission is associated with the combustion of
conventional fuels (maliny hard coal) in domestic heating systems (Kaczmarek et al,,
2017; Olszowski, 2019). However, a precise determination of the types of contamination
sources is difficult. Aerosol particle concentrations in local air reservoirs are also
influenced by meteorological parameters, which are responsible for e.g. the transport of
particles from polluted urban or industrial areas and from distant natural sources
(Khedairia and Khadir, 2012).

The main purpose of the study was to examine whether data averaging has an
impact on the determination of pollutant emission sources. In addition PM10 mass
concentration and concentration of PM10-bound elements were examined.

EXPERIMENTAL SETUP

As the receptor, the measurement point in the northern part of the village was
selected, which is situated near a moderately inhabited rural area (Kot6rz Maty, Opolskie
Voivodeship) surrounded by meadows, farmlands low shrubs and trees (50°73’66.02”
N;18905’06.80” E, 162 m. a. s. 1., 968 inhabitants). Continuous particle monitor + energy
dispersive X-ray fluorescence (CPM+EDXRF; PX-375 Horiba®, Japan) technique were
used to examine PM10 concentrations and their chemical composition (Al, Ca, Cr, Cu, Fe,
K, Mn, Ni, Pb, Zn). The device operated in automatic mode, providing data every single
hour.

Certified standard material, SRM 2783 (air particulate matter on filter media), was
used to assess the elemental quantification of X-ray spectra and to get a quality control
measure. The lowest detection limits (LLD as a double the standard deviation of blank
analyzed) were Al (56.7 ng/m3), Ca (1.1 ng/m3), Cr (2.05 ng/m?3), Cu (1.85 ng/m3), Fe
(7.00 ng/m?3), K (4.8 ng/m?3), Mn (1.45 ng/m?3), Ni (0.9 ng/m?3), Pb (1.05ng/m3), Zn (1.25
ng/m3).

Sampling and weather condition measurements were carried out for 14
consecutive days during the winter period (February 2019).

For further analysys of recievied records, the raw data were scaled according to the
fomula (1).

X/ _ (X_Xmin) (1)

(Xmax_Xmin)
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The principal component analysis (PCA) was applied to assess the correlations
between different PM10-bound elements and identify the main sources of PM10. In
addition, to detect structures in the data, the results were analyzed using cluster analysis
(CA). The results were analyzed for daily and hourly concentrations. The variability of the
intensity of emission sources in different periods of the day was checked.

RESULTS AND CONCLUSIONS

Figure 1 shows the profiles of PM10 and PM10-bound elements concentration. The
twenty-four-hour concentrations of PM10 in Kot6rz Maty ranged from 6.9 to 178.6 pg/m3.
The mean PM10 concentration for the entire measurement period was equal to 51.5
pug/m3. It was above the daily PM10 concentration limit established by the European
Commission (50 pg/m3; not to be exceeded on more than 35 days per year). Generally, the
lowest concentrations of PM10 were recorded between 00.00-06.00 a.m. and the highest
between 04.00 p.m.-10.00 p.m.

120
E
e
5100»
c
Q
=
o
S 80}
E
=)
= 60}
=
(2
c
g 40}
©
z
[o)
2
S 20¢
a
(]
£

0

PM10 Mn*10 N|*10 Zn AI*01 Ca*01
Cr'10  Fe*0.1 Cu*10 K*0.1

Fig 1. PM10 and PM10-bound elements concentration ranges. The whiskers extend from
the edge of the box to the 5% and 95t percentiles of the data. The squares inside indicate
median values.

The mean concentrations of the selected PM10-bound elements fluctuated within
wide limits and took values from 0.95 ng/m?3 (Ni) to 1406.3 ng/m3 (Al). PM10-bound
elements collectively accounted on average for 1% of the PM10 mass. Al, Ca and, K were
the most abundant among the determining elements. On average, during the entire two-
weeks measurement period, the elements related to PM10 tested in the study can be
arranged in the following order: Al>Ca>K>Fe>Zn>Pb>Mn>Cu>Cr>Ni. The concentrations
of PM10-bound K, Al, Fe, Ca and Mn were determined by natural sources. This is indicated
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by Enrichment Factor (EF) values which, regardless of the time of day, do not exceed 10
during the entire measurement period. K, Al, Fe and Ca are typical crustal elements,
therefore it can be assumed that they were derived from the resuspension of crustal and
soil matter (Majewski and rogula-Kozlowska, 2016). The concentrations of the remaining
PM10-bound elements, i.e. Cu, Pb, Ni, Zn, and Cr were strongly influenced by
anthropogenic sources (EFx> 10). The elements came from the combustion of fuels,
abrasion of vehicle components (wheels, brakes) and road surfa ces surfaces, the influx of
polluted air masses from urban areas.

The main aim of the study was realized with the use of PCA and CA analysys. Both
analyses were conducted for data averaged up to 24 hours (D), all hourly data (H), and for
periods divided into morning (M; 6 am.-10 p.m.), midday (MD; 11 am.-3 p.m.),
afternoon/evening (AE; 4 p.m.-10 p.m.) and night (N; 11 p.m.-5 a.m.).

In the PCA analysis, two principal components (PC) were extracted for data (D), which
explained about 83% of the variation in the original data. Based on the factor coordinates
of the variables, it is not possible to indicate which source was dominant. Both elements
from natural and anthropogenic sources (with the exception of Cu) were concentrated in
the first principal component (69% of the total variance).

In the case of the analysis of hourly measurement data (H), three principal
components were identified, which explained about 72% of the variability in the original
data. Seven of ten elements were strongly correlated with PC1. The vast majority of these
elements were of natural origin. Clear groups were identified indicating that soil
resuspension and mechanical abrasion processes of crustal materials were the main
sources of contamination (Al K, Ca, Mn, Fe). Additional sources were fuel combustion and
traffic (Pb, Zn, Ni, Cu).

For the morning (M) and afternoon/evening (AE) hours, the PCA resulted in two PCs
(71% (M) and 72% (AE) of the total variance). The results indicated that the main source
of pollution was related to the use of individual heating systems (PC1 43% (M) and 53%
(AE); Zn, Pb and Cr). Also, the "natural origin" of pollutants played a key role (PC2 18%
(M) and 14% (AE); Al, K, Ca, Mn, Fe).

For the midday (MD) and nighttime (N) hours, the analysis showed significant
similarity to the daily and hourly results, respectively. Three principal components were
identified for (MD) (84% of the variation in the original data) and two (70%) for (N),
respectively.

Table 1 provides information on the results of the cluster analysis.

Tab. 1: Hierarchy of clusters of elements for the analyzed periods of data averaging
(clusters for: 100-Distance/Max. distance <40).

D H M MD AE N
Cr-Mn Mn-Fe Cu-Ca Mn-Fe Zn-Pb Mn-Fe
Fe-Ca Zn-Pb Mn-Fe Zn-Pb Al-K Al-K
Zn-K Cu-Ca Al-K Mn-Fe Zn-Pb
Al-K Al-K Cu-Ca
Mn-Fe
Zn-Pb

The results in Table 1 show a similarity in the occurrence of the same pairs of
elements regardless of the period of data analyzed. The largest "mix" occurs for results

117



averaged up to 24 hours of observation (n=14), which captures the essence of the
difficulty of unambiguously identifying the dominant source of pollution. For other
periods, the clustering results are more unambiguous and seem to confirm the PCA
results.

The final conclusions are as follows:
- averaging the results to 24 hrs leads to greater uncertainty in determining the origin of
pollution, i.e., the likely types of sources can be determined, but there is a problem in
indicating the dominant source,
- anthropogenic emissions are the leading source during the morning and evening hours,
while natural emissions occur around the clock, with intensification occurring in the
middle of the day,
- in order to fully assess the impact of aerosol emission sources, it is necessary to analyze
meteorological conditions (preferably hour by hour).
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SUMMARY

Particulate matter (PM) originates from the exhaust and non-exhaust processes of road
traffic (brake wear, tire wear, road surface wear, and road dust resuspension). This study
deals with the specification of non-exhaust PM emissions in a tunnel environment where
the primary source is road traffic. PM measurements took place in the “Povazsky Chlmec”
highway tunnel with a length of 2118 m, directly in the tunnel tube and near the tunnel
portal. PM measurements were performed using gravimetric and optical methods. PM
chemical analyses were performed using energy-dispersive X-ray fluorescence (EDXRF).
Using EDXRF, the main chemical elements Al, Br, Ca, Cl, Cr, Cu, Fe, K, Mg, Mn, Na, P, Si, S,
Ti, and Zn were identified in the PM.

0voD

Emisie tuhych castic (PM) z cestnej dopravy pochadzaji z dvoch primarnych zdrojov:
vyfukovych procesov a degradacie casti vozidiel a povrchu vozoviek. Ten druhy, ktory
zahfia vSetky emisie Castic vo vzduchu vytvarané vozidlami, opotrebovanie vozovky a
resuspenziu cestného prachu, je definovany ako emisie tuhych c¢astic - nevyfukové emisie.
Podiel emisii PM z nevyfukovych zdrojov sa v poslednych rokoch rychlo zvysil v d6sledku
vyrazného zniZenia emisii zo spal'ovania a v sucasnosti predstavuje priblizne 90 %
vSetkych emisii PM z cestnej dopravy (OECD, 2020; Rexeis & Hausberger, 2009; Timmers
& Achten, 2016). Castice z nevyfukovych procesov, ktoré sa usadili na povrchu vozovky,
moézu byt tiez resuspendované turbulenciou v cestnej premavke (US-EPA, 2011).
Nevyfukové emisie PM moZno rozdelit na priame emisie z opotrebovania (opotrebenie
brzd, pneumatik a vozovky) a resuspenziu cestného prachu. PM z nevyfukovych procesov
su hlavnou zloZkou hrubej frakcie PM25s.10 (Harrison a kol., 2021; OECD, 2020).

V ramci nasho vyskumu boli vykonané merania PM1o a PM25 a ich elementarna
chemicka analyza v prostredi tunela. Merania sa robili sicasne na dvoch miestach: vo
vnutri tunela a vonku pri portali tunela.

METODY MERANIA

Merania PM boli realizované v prostredi tunela, vo vnutri tunela a v blizkosti portalu
tunela (zapadny portadl) v meste Zilina, tunel Povazsky Chlmec. Merania PM boli
realizované na stanovenie koncentracii PM1o a PMzs priamo v tunelovej rare (PMzs_IN,
PMio_IN) a portalovej Casti (PM25_OUT, PM1o_OUT) a ich elementarneho chemického
zloZenia (pritomnost chemickych prvkov v PM). Merania PM sa robili pocas dvoch obdobi:
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pred udrzbou tunela (1. - 7. oktébra 2020) a po udrzbe tunela (12. - 20. oktébra 2020).
Merania sa uskutocnovali celkovo pocas 16 dni.

Na meranie PM1o a PM25 boli pouZité dve metddy: referencna gravimetricka (4x
pristroje Leckel LVS3) a optickd metdda (Fidas 200S a APM-2). Vo vnutri tunela boli
pouzité 2x pristroje Leckel a pristroj APM-2. V blizkosti portalu tunela boli pouzité 2x
pristroje Leckel a pristroj Fidas 200S.

Anorganické prvky sa detegovali pomocou spektrometra ARL™ QUANT'X EDXRF.
Vzorky sa analyzovali pomocou EDXRF spektrometrie vo vakuovej atmosfére.

VYSLEDKY, DISKUSIA, ZAVERY

Priemerné koncentracie vSetkych frakcii PM boli niZsie v portalovej Casti tunela ako
v tunelovej rdre. Zaznamenané poklesy boli 53,3 % pre PM1o a 44,2 % pre PMgzs.
Maximalna 24-hodinova koncentracia PM1o 54,06 pg/m3 bola namerand v tunelovej rare
dnia20.10.2020 a maximalna 24-hodinova koncentracia PMz5 24,69 ug/m?3bola namerana
v tunelovej rare diia 19.10.2020, kedy sa nezaznamenali Ziadne zrazky.

Distribdcia PM v tunelovej rure predstavovala zloZenie PM 1o frakciami PM25_IN 51 %
a PM25.10_IN 49 %. V blizkosti portalovej ¢asti PM25_OUT 59 % a PM25.10_OUT 41 %, v
tomto poradi. Hruba frakcia PM2 .10 dosahovala az 50 % celkovej frakcie PM,.

Zavislost PM nameranych v tunelovej rdre a portalovej Casti tunela bola skimana
pomocou linedrnej regresnej analyzy. Jemna frakcia PMz s vykazovala vysSiu zavislost
Castic produkovanych v tunelovej rure od ¢astic nameranych v portalovej casti (koeficient
determindacie R? = 0,57, korela¢ny koeficient r = 0,75, vyznamnost p = 0,005647). Pre
hrubu frakciu PM2,5-10 nebol vztah medzi ¢asticami nameranymi v tunelovej rare a v
portalovom useku taky vyznamny ako pre PM;s (R2=0,27,r=0,52, p = 0,038899).

Chemické analyzy PM odhalili pritomnost niektorych chemickych prvkov.
Analyzovanych bolo 64 vzoriek PM, z toho 32 vzoriek PM1 a 32 vzoriek PM2s. V PM boli
identifikované nasledujuce chemické prvky: Al, Br, Ca, Cl, Cr, Cu, Fe, K, Mg, Mn, Na, P, Si, S,
Ti, Zn, Ni, Mo, Pb, Rb, Sb Se, Sr, V a Zr (Obr. 1). Celkova koncentracia prvkov na filtroch
bola v priemere 365,8 mg/m? PM1o_IN, 85,4 mg/m? PM2;5_IN, 142,5 mg/m? PM1o_OUT a
48,2 mg/m? PM5_OUT.
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Obr. 1: Priemerna koncentracia chemickych prvkov v PM (miligramy prvku na gram PM)
pocas merani v tuneli Povazsky Chlmec.
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Skumali sme aj zastipenie jednotlivych chemickych prvkov v PMz s a PM25.10. PM25.10
predstavuje hrubu frakciu PM1o a jeho zdrojom je najma mechanicky proces. Vo frakcii
PM35-10 boli vo vacSej miere zastipené chemické prvky Al, Ca, Cl, Cu, Fe, K, Mg, Mn, Na, P,
Si, Ti, Zn (PM25.10/PM25 >1). Na druhej strane Br, Cr, S, K - vonku a Zn - vonku boli viac
zastupené v PMz 5 (pomer PMz5.10/PM25<1).

Korela¢na analyza odhalila v PM1o dve skupiny chemickych prvkov s vyznamnou
vzajomnou korelaciou (r> 0,7, p<0,05): Skupina 1, Al, Ca, Cu, Fe, K, Mg, Mn, Si, Ti a Zn; a
Skupina 2, Na a Cl. V PM 5 signifikantne korelovali Al, Ca, Mg, Si, Cu, Fe, Na a Cr. Vo frakcii
PM2s neboli chemické prvky tak vyrazne viazané ako vo frakcii PMio. Preto sa
predpokladalo, Ze hruba frakcia PM2,s.10 bola déleZita vo vyznamnych korelaciach medzi
chemickymi prvkami. Preto sa tato frakcia skiimala oddelene. Vyznamné korelacie tvorili
prvky podobné frakcii PM1o (Obr. 2). Z hl'adiska prepojenia chemickych prvkov bola v
tomto pripade pre celkovu frakciu PM1o vyznamna hruba frakcia PMz 5-10.
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Obr. 2: Vysledky korelacnej analyzy koncentracie chemickych prvkov v PM ziskanych pri
meraniach v tuneli Povazsky Chlmec.

Prezentovany vyskum sa zaoberal meranim a analyzou koncentracii PM1o a PMz5a
ich chemického zloZenia v prostredi tunela. Miestom merania bol tunel Povazsky Chlmec
nachédzajuci sa v Ziline na Slovensku. Merania sa uskuto¢nili vo vnutri tunelovej riry a
vonku v blizkosti portalu tunela, ¢im sa liSi od inych stadif (Cui a kol., 2016; Hao a kol,,
2019). Priemerna koncentracia PM1o v tuneli bola o 53 % vysSia a PM2 50 44 % vysSia ako
vonku v blizkosti portalu tunela. Koncentracie boli vyznamne ovplyvnené zrazkami pocas
merania. Vplyv primarneho zdroja cestnej dopravy sa prejavil najma pocas pracovnych
dni zvySenim koncentracii PM, ktoré sa zvysili v obdobi bez zraZok. Regresna analyza
koncentracii PM vo vnutri tunela a vonku v blizkosti portalu tunela ukazala prepojenie
tychto PM; to znamena, Ze vel'ka ¢ast PM v portali pochadzala priamo z tunela (PM1o - R?2
= 0,43, PM25 - R2 = 0,57). PM25.10 tvorili aZ 50 % z celkovej frakcie PM1o, o je vysSia
hodnota ako u mestskych aerosélov (Samara & Voutsa, 2005).

Chemicka analyza PM1o a PM2,5 pomocou EDXRF odhalila pritomnost’ nasledujtcich
chemickych prvkov v PM: Al, Br, Ca, Cl, Cr, Cu, Fe, K, Mg, Mn, Na, P, Si, S, Ti a Zn. Celkova
koncentracia prvkov na filtroch bola v priemere pre PM1o_IN 365,8 mg/m?, PM25_IN 85,4
mg/m?, PM1o_OUT 142,5 mg/m? a PM;s_OUT 48,2 mg/m?2. Tieto chemické prvky boli
hmotnostne zastipené v PM1o_IN (31,4 %), PM2s5_IN (14,4 %), PM10o_OUT (27,7 %) a
PM2;5_OUT (15,4 %). Podobné vysledky zloZenia PM v tuneloch boli ziskané v niektorych
stadiach (Brito a kol., 2013; Cui a kol.,, 2016; Handler a kol., 2008; Hao a kol., 2019; He a
kol., 2008). Koncentracie chemickych prvkov dosahovali vysSie hodnoty vo vnutri tunela
ako vonku, v blizkosti portalu tunela.
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INTRODUCTION

For decades, chemical transport modelling of organic aerosols has been problematic,
with models often underestimating their concentrations (e.g. Giani et al., 2019; Jiang et al.,
2021; and articles therein). Among the frequently mentioned and studied possible causes
of these shortcomings in the models are missing emissions of semi-volatile and
intermediate-volatile organic compounds (SVOCs and IVOCs), which can be very effective
precursors of secondary organic aerosols. In practice, therefore, these emissions are often
built into models using parameterizations, which scale them typically based on
experimental data using emissions included in emission databases. An overview of
different parameterizations of IVOC/SVOC source-specific emissions from recent
literature and a proposal for new such parameterizations can be found in Giani et al.
(2019). In addition, Jiang et al. (2021) showed that adjusting the parameters used in air
quality models obtained from chamber experiments to correct for semi-volatile vapour
losses from biomass burning on the chamber walls contributes to improving model
prediction of organic aerosols in Europe during wintertime.

Because the papers mentioned above assess the impacts of different
parameterizations on different domains and at different times, as part of this work, we
decided to study the impacts of using some of these parameterizations on organic aerosol
concentrations in the region of our interest (i.e. in Central Europe) during wintertime and
summertime in the relatively current time period (namely in the period 2018-2019). To
evaluate the potential contribution of these parameterizations to the refinement of model
outputs, we performed a basic validation of model concentrations obtained in a sensitivity
study with station measurements.

EXPERIMENTAL SETUP

As part of the sensitivity study, we performed a total of 5 model experiments using the
Comprehensive Air Quality Model with Extensions (CAMx) (Environ, 2020) on a European
model domain centred over Prague, the Czech Republic (50.075° N, 14.44° E, Lambert
Conic Conformal projection used) for the period between 2018-2019. The model domain
was represented in horizontal layers by 172 x 152 grid boxes with a horizontal resolution
of 9 km; in the vertical direction, it consisted of 20 layers from the Earth's surface up to
approximately 12 km, with the height of the lowermost layer about
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Tab. 1: IVOC/SVOC source-specific emission parameterizations used in the experiments.
For each of the parameterizations, the superscript indicates a reference to the used
source: 2 Giani et al. (2019), ® Jathar et al. (2014), ¢ Ciarelli et al. (2017), 9 Jiang et al.
(2021), ¢ Robinson et al. (2007). Gianni's approach refers to the SVOC determination
procedure described in the article of Giani et al. (2019).

Chem. . . Biomass Other
Specie Experiment Gasoline Diesel burning sources
o vehicles (GV)  vehicles (DV) (BB) (08)

voc SOAP_withIVO 0.0397 * VOCaqv 1.2748 * 45 * 1.5*
A a VOCpy? POABg* POAose®
0.0397 *VOCaqyv 1.2748 * 4.5* 1.5*
VBS_base a VOCpy® POAgs®  POAose
VBS_Jiang ori 0.25* 0.2* 12 * 1.5*
-1angong NMVOGey® ~ NMVOGpy®  POApsd  POAos®
VBS_Jiang_mod 0.0397 *VOCqy 1.2748 * 12 * 1.5*
if a VOCpy?2 POAgg 1 POAos®
. -1 . ] *
SVOC ~ VBS_base Giani's Gani's g popgya 5 FOAOS
approach approach d
*
VBS_Jiang_orig 3 * POAgy ¢ 3*POApyd  3*POAgsd PdOAOS
VBS_]la_ng_mod Giani's Giani's 3 * POAgp 3 *POAos
if approach approach d

48-50 m. Driving meteorological fields (the same for all experiments) were derived using
the WRFCAMx preprocessor from the weather forecast simulation performed using the
WRF (Weather Research and Forecasting) Model Version 4.0.3., which detailed
description can be found in Doubalova et al. (2020). All needed emission inputs (before
adding IVOC and/or SVOC emissions) were prepared in the same manner as Huszar et al.
(2020) did.

Since CAMx allows the calculation of organic aerosol-gas partitioning and
oxidation chemistry using two options, namely using a semi-volatile equilibrium scheme
called SOAP or a hybrid 1.5-dimensional volatility basis set (1.5-D VBS) approach, detailed
descriptions of which are given in Environ (2020), we used both approaches in the
sensitivity study. Here, it is worth mentioning that one of the main differences between
the two approaches lies in the fact that in the SOAP scheme, the POA is considered non-
volatile, while in the VBS approach, a part of the POA is considered semi-volatile. From
this, it is immediately evident that while IVOC parameterisations (IVOCs represent
transitional substances between SVOCs and VOCs on the basis of volatility) are connected
with both mechanisms, SVOC parameterisations are exclusively considered when using
the VBS concept.

In the first model experiment, which further serves as a reference within the
sensitivity study, we implemented the SOAP scheme and emissions that did not include
contributions of IVOCs (and, for understandable reasons, neither of SVOCs). Next, we
carried out one more experiment using the SOAP scheme (labelled as SOAP_withIVOA)
and three experiments using the VBS approach (labelled as VBS_base, VBS_Jiang_orig and
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VBS_Jiang modif) in which we already used emissions with the inclusion of IVOCs and
SVOCs. We calculated them based on the parameterizations shown in Table 1, considering
their sources. Furthermore, while the first three experiments (i.e. the SOAP_nolIVOA,
SOAP_withIVOA, and VBS_base experiments) were performed using the default setting of
SOAP or VBS scheme in CAMx version 7.10, the last two experiments (i.e. the
VBS_Jiang_orig, VBS_Jiang_modif experiments) were performed using the VBS approach
in a modified version of the CAMx version 6.50 with optimized parameterizations (SOA
yields, emissions of IVOCs from biomass burning, and enthalpy of vaporization) created
by Jiang et al. (2021). Experiments also differ in the use of gas phase mechanisms: in the
SOAP_nolVOA, SOAP_withIVOA, and VBS_base experiments, the fifth revision of the
Carbon Bond Version 6 (CB6r5) mechanism was used (references to all furher mentioned
mechanisms can be found in Environ (2020)); in the VBS_Jiang orig, VBS_]Jiang_modif
experiments, the original Carbon Bond Version 6 (CB6) mechanism was used. Finally, in
all experiments, the partitioning of inorganic aerosol constituents between the gas and
aerosol phases was calculated using the ISORROPIA mechanism.

RESULTS AND CONCLUSIONS

To get an idea of the spatial distribution of organic aerosol (0A) in the reference
experiment, we have shown the average winter and summer concentrations of primary
OA (POA) and secondary OA (SOA) from it in Figure 1. It can be seen that the pollution of
POA is usually significantly higher during the year in the winter period, with the Po Valley,
the Silesia region and the central region of Bohemia being among the particularly polluted
areas. On the other hand, it can be seen that SOA usually reaches higher values in the
summer, especially in the northwestern region of the Balkan Peninsula.

To quantify spatial and temporal impacts of different parameterizations in the
experiments, we calculated relative impacts on POA and SOA, which we defined as the
ratios of the seasonal concentrations of POA and SOA from the experiments to their
equivalents from the SOAP_nolIVOA experiment. These impacts are shown in Figure 2. For
the case of introducing IVOCs emission when using the SOAP scheme, it can be seen that
there are relatively insignificant changes in POA in winter and summer. At the same

DJF, SOAP_nolVOA JJA, SOAP_nolVOA

nooo
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Fig. 1: Average winter (DJF, left) and summer (JJA, right) concentrations of primary
organic aerosols (POA, top) and secondary organic aerosols (SOA, bottom) from
SOAP_nolIVOA experiment.
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Fig. 2: Relative impact on average winter (DJF, 1st and 3rd row) and summer (JJA, 2nd
and 4th row) concentrations of primary organic aerosols (POA, 1st and 2nd row) and
secondary organic aerosols (SOA, 3rd and 4th row) from SOAP_withIVOA, VBS_base,
VBS_Jiang orig and VBS_Jiang_modif experiments (1st-4st column respectively).

time, in this case, the relative impacts on SOA are the lowest of all investigated cases, with
values in the range of 1-4 (1-2) in winter (summer). On the other hand, it can be seen that
the introduction of SVOCs into the VBS formalism and their subsequent parameterisations
are usually manifested by an increase in the POA concentration. In both seasons, it can be
seen that regardless of the model version used, parameterisations derived from traffic
emissions using the approach proposed by Giani et al. (2019) lead to higher POA
concentrations. The most pronounced relative impacts are evident for SOA in the winter
season in the experiments with the VBS approach, with the highest ones being achieved
in the VBS_base experiment, with values exceeding 10 in the Po Valley area.

Finally, to assess the potential benefit of using these parameterisations to refine
model outputs, we provide a very simplified evaluation of the model surface daily
concentrations of organic carbon (OC), PM25, ammonium, nitrate and sulfate from the
experiments against their surface measurements using bias and root mean square error
(RMSE) as statistical indicators. For this purpose, we used available data for these
pollutants from background stations included in the Co-operative Programme for
Monitoring and Evaluation of the Long-range Transmission of Air Pollutants in Europe
database (EMEP) and those included in the European Environment Agency's AirBase
European air quality dataset. The values of the calculated indicators are listed in Table 2.
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Both the bias and RMSE values for OC indicate an improvement in its prediction in both
seasons, with the VBS_base experiment producing the best results. On the other hand, it
can be seen from the biases for all other pollutants that adding IVOC and SVOC emissions
leads to a decrease in their concentrations, which is subsequently reflected in the
improvement of the bias for pollutants overestimated by the model (i.e. ammonium and
nitrates in winter) and, conversely, in the worsening of the bias for pollutants
underestimated by the model. A possible explanation for the negative correlation
between OA concentrations and concentrations of secondary inorganic aerosols
(ammonia, nitrates and sulfates) could be a decreased availability of OH radicals (as a
result of an increase in SOA precursors) for oxidation of precursor gases such as NO2 and
SO2 that is analogous to the one used by Aksoyoglu et al. (2017).

Tab. 2: Comparison of modelled and observed daily concentrations of organic carbon
(0C), PM25, ammonium (NH4*), nitrate (NO3") and sulfate (SO4%). Biases and root mean
square errors (RMSEs) are given in pg.m-3. The green (red) colour of the numbers
indicates an improvement (deterioration) of statistical indicators compared to their
values from the SOAP_nolVOA experiment. The best values of the indicators in the
framework of individual comparisons are marked in bold.

SOAP_nolVOA / SOAP_withIVOA / VBS_base / VBS_Jiang_orig /
VBS_Jiang_modif

Chem
. Statisti .
speci cs Winter (DJF) Summer (JJA)
es
. -3.86/-3.78/-3.08 /-3.39 /- -2.49/-2.45/-2.13/-2.39 /-
0C  bias 3.19 2.25
RMSE 6.53/6.45/5.69 /596 /579 2.77/2.73/2.43/2.68/2.54
. -1.91 /-3.30/-2.13 /-2.73 /- -5.59/-6.56 /-5.75 / -6.30 / -
PMzs  bias 2.42 6.07
RMSE 10'99/11'311(/) 22'50/10'75/ 7.04 /7.89/7.18/7.68/7.47
NHs*  bias 0.83 /0.5 /055 / 0.53 / 0.53 '0'10/'0'3Oéé%30/'0'31/'
RMSE 1.61/132/132/131/1.31 0.41/0.47 /047 /0.47 /0.47
NOs-  bias 211/1.67/1.69/1.62/1.63 '0'20/'0'32&%31/'0'33/'
RMSE 3.54 /3.00/3.01/2.96 /297 0.74/0.72/0.72 /0.73 /0.73
. -0.84 /-1.36/-136 /-1.37 /- -1.35/-1.81/-1.81/-1.81/-
2-
S04 bias 137 1.81
RMSE 2.37 /247 /247 /247 /] 247 1.80/2.18/2.18/2.18/2.18
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INTRODUCTION

To understand the condensation process, we need to know the thermodynamic
parameters of nucleation and growth of water droplets. This process can be studied by
adiabatic expansion of ga s mixtures of carbon dioxide/water and argon/water. In this
case, the temperature of the mixture decreases and the supersaturation increases. This
creates the conditions under which homogeneous nucleation is possible.

The influence of carrier gases on homogeneous nucleation has been studied several
times. The first publication was by Viisanen et al. (1993) and the last publication was by
Campagna et al. (2021).

EXPERIMENTAL SETUP

We performed experiments using the expansion pulse chamber developed by
Wagner and Strey in 19846. The study was conducted with the carrier gases CO; and
argon in a range of nucleation temperatures of 220-260 K and nucleation pressures of 35-
75 kPa at various concentrations of water vapor. Fig. 1 shows nucleation rate ] (number
of droplets formed per unit of time and unit of volume) as function of supersaturation S
(ratio of vapor pressure to the saturation pressure of water at given temperature) and
temperature for the two carrier gases.
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Fig. 1: Cross section of nucleation pulse chamber.
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RESULTS AND CONCLUSIONS

In this abstract, we present experimental results on the homogeneous nucleation of
water with the carrier gases CO; and argon. In addition, the real gas correction was
applied to the temperature and supersaturation calculations. As it can be seen from Fig. 1
there is significant difference in the nucleation rate behavior of mixtures with argon and
CO2 carrier gases. CO; appears to enhance the nucleation rate. The isotherms showed in
Fig. 2 have smaller slope for CO; carrier gas. By application of the nucleation theorem this
allows to conclude that the presence of CO; decreases the number of water molecules
forming the critical cluster.
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Fig. 2: Comparison of water nucleation rates with carrier gas CO2 and argon at different
isotherms of nucleation.

Supersaturation and nucleation temperature are corrected with real gas thermodynamic.
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