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UVOD - INTRODUCTION

Mili kolegové, ¢lenové Ceské aerosolové spolecnosti,

je mym potéSenim vas i v tomto roce pozvat na Vyro¢ni konferenci Ceské aerosolové
spolecnosti, ktera se kona jako obvykle v poslednim fijnovém tydnu, tentokrat u naSich
slovenskych sousedii, v lazefiském mésté PieStany. Doufam, Ze se vam i letos bude
vybrana lokalita libit. Timto bych zaroven rad podékoval kolegyni Durc¢anské a jejimu
tymu, ktefi zaridili na misté vSe potiebné pro hladky priibéh konference.

Zajem o ucast na konferenci v poslednich letech mirné nartsta, coZz se odrazi ve
vzristajicim poctu prezentaci. AZ dosud se nam dafi umoZnit vSem zijemcim
prezentovat formou pirednadsky, nicméné ¢asovy program je uz dost nahustény. Piesto
jsme se rozhodli zachovat dosavadni ¢asovy format, kdy konference kon¢i v patek kolem
obéda, abychom se vSichni stihli pred vikendem vratit domi ke svym blizkym.

Oficialnim jazykem konference je i letos ceStina, podobné jako loni bych vas presto rad
pozadal, abyste zvazili mozZnost prezentovat vasi praci v jazyce anglickém, zejména s
ohledem na pritomnost nékolika zahrani¢nich kolegt.

JiZ se stava tradici, Ze soucasti konference je soutéz o nejlepsi prezentaci mladého védce,
ktera bude ocenéna firmou Dekati, zastoupenou slovenskou firmou Biowell. VSichni kdo
se zUcastnili minulych ro¢nikl snad potvrdi, Ze se vyplati pripravit prezentaci co nejlépe
a uchazet se tak o mozZnost umisténi v trojici ocenénych. Dal$imi sponzory nasi
konference jsou firmy ECM ECO Monitoring a ENVItech Bohemia. VSem tfem naSim
sponzorim jménem spolecnosti srde¢né dékuji.

Vybor Ceské aerosolové spole¢nosti opét udéluje finanéni prispévek mlads$im kolegtim,
kteri v letoSnim roce prednesli anglicky prednasku na vyznamné mezinarodni oborové
konferenci. Jako predseda spolecnosti jsem rad, Ze se nam daii motivovat nastupujici
generaci Ceskych aerosolovych védct k aktivnéjsi prezentaci v mezinarodni védecké
komunité.

V tomto roce slavi Zivotni jubilea dva naSi kolegové, ktefi se vyznamné zaslouZili o
obnoveni aerosolového vyzkumu v CR. Jiti Smolik dovrsil v zaf tr. 75. rok a Zbynék
Vecera o deset let méné. Obéma kolegiim k jejich vyroc¢i srdecné gratuluji. Na tomto
misté bych rad véem ¢&lentim CASu pripomnél, Ze tito dva nasi kolegové se rozhodujici
mérou zaslouzili o to, aby naSe spolec¢nost vznikla a radu let ji spolecné vedli. Na nas
pozdéji narozenych ted’ zlistava, aby spolec¢nost pokracovala a prosperovala.

Na zavér vam vSem preji ispésné konferenc¢ni jednani a prijemny pobyt v PieStanech.
Vas

Vlad'a Zdimal

predseda CAS

V Praze dne 5.10.2018



VLIV OKOLNICH ZDROJU NA POCET AEROSOLOVYCH CASTIC NA STANICI LOM
V USTECKEM KRAJI

Adéla HOLUBOVA SMEJKALOVA?, Helena PLACHAZ?, Miroslav BITTERZ, Miloslav
MODLIK3

1Cesky hydrometeorologicky tistav, Observatoi Kosetice, Ceska Republika,
adela.holubova@chmi.cz
2Cesky hydrometeorologicky tstav, poboc¢ka Usti nad Labem, Ceska Republika,
3Cesky hydrometeorologicky tstav, pobocka Praha, Ceska Republika,

Klicova slova: Pocet aerosolovych ¢astic, Zdroje znecisténi, Vazeny primér

SUMMARY

Air quality network operated by Czech Hydrometerological Institute includes lot of
stations in many kind of the environment. One of them is the station Lom located in a
brown coal-mined and petrochemical industry region. Lom is rural background station
in industrial area. Aerosol particle size distribution has been measured from 2017
within project OdCom. According to emission inventory the main source of SOz is Public
electricity and heat production which contributing to air pollution with 44 % in this
region. In this study the impact of potential sources on aerosol particle amount in
selected size modes was evaluated. The results showed that the particle number in
nucleation mode is influenced by pollutants from petrochemical complex. On the other
hand, close mine did not visibly affect amount of particles in each of size modes. Amount
of particles is probably most influenced by chemical industry, public electricity and heat
production and by emissions from nearby towns.

0voD

Znecisténi ovzdusi v regionech, které jsou zatizené primyslem, a tézbou uhli je
dlouhodobé intenzivné sledovano v rdmci Statni sité¢ imisniho monitoringu Ceského
hydrometeorologického ustavu. I v téchto lokalitich je vSak zapotiebi postihnout
vSechny typy prostiredi a proto dochazi k rozsirenti jiz stavajici monitorovaci sité. V roce
2004 byla zaloZena stanice Lom leZici na pozemku byvalé obce Libkovice (Ustecky kraj).
Libkovice byly i pres silny odpor obc¢anské spolec¢nosti zboreny v roce 1992 kvili tézbé
hnédého uhli. V prostoru vsak k téZbé nakonec nikdy nedoSlo. Stanice Lom (50° 35’
8.757" s§, 13° 40" 24.305" vd, 265 m n. m.) leZi v rovinné oblasti, jejiZ velmi malo
zvlnény terén je vysledkem v minulosti probihajicich rekultivaci krajiny. Strategicka
poloha stanice v hnédouhelné panvi, obklopena chemickym priimyslem se stala
vyhodnou pro zahrnuti stanice do projektu preshrani¢ni spoluprace Cil 2 SN-CZ 2014-
2020 Hallo Nachbar. Ahoj sousede. snazvem ,0DCOM - Objektivizace stiZnosti na
zapach v Erzgebirgskreis a v Usteckém kraji“. V roce 2017 byl stavajici méfici program
stanice Lom rozsiren o méreni velikostni distribuce aerosolovych ¢astic.

Pravé vhodnost umisténi stanice a tedy jeji reprezentativnost chceme oveérit v
vzdalen pouhy 1 km, tepelnych elektraren, chemického primyslu a dalSich typi
zneciSténi na pocetni distribuci aerosolovych castic.
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METODY MEREN{

Stanice Lom je vybavena skenovacim tfidicem pohyblivosti ¢astic (SMPS - Scanning
mobility particle sizer, IfT TROPOS), ktery méri pocetni koncentraci castic ve
velikostnim rozsahu 10-800 nm. Pro potieby projektu ODCOM je méfeni vybaveno
termodenuderem a méreni probiha v intervalech 5 minut bez a 5 minut s
termodenuderem. Stanice je dale vybavena automatickymi analyzatory pro meéieni
koncentraci SO2, NOx, PM1 a PMio. Soucasti méticiho vybaveni je méreni hodnot
vybranych meteorologickych prvka - smér a rychlost vétru, globalni zateni, teplota.

Mérené spektrum aerosolovych ¢astic bez vyuziti termodenuderu bylo rozdéleno na
3 velikostni skupiny - nuklea¢ni (10-20 nm), aitkentiv (20-100 nm) a akumula¢ni mo6d
(100-800 nm). Pocet castic vjednotlivych skupinach a celkovy pocet ¢astic byl dale
hodnocen vzhledem k moZnym zdrojim. Okoli stanice bylo rozélenéno dle typt zdroji
znecisténi, které maji bezprostredni vliv na métrené hodnoty (Obr. 1). V sektoru ¢. 2 je
vyraznym zdrojem povrchovy lom Bilina a tepelna elektrarna Ledvice. V oblastech ¢. 3 a
5. Ize jako zdroj oznacit mésta Most a Litvinov, kdy v oblasti 3 se nachazi také tepelna
elektrarna Pocerady. V sektoru ¢. 4 se nachazi nejvétsi petrochemicky komplex v Ceské
republice a tepelna elektrarna Komotany a dva povrchové doly - Ceskoslovenské
armady a Vrsany.

Mo:

Obr. 1: Letecky snimek okoli stanice Lom. V misté stanice je zobrazena vétrna riizice za
rok 2017. Okoli je rozdéleno do nékolika sektorii dle moznych zdroji znecisténi
zahrnujici povrchové doly, méstskou zastavbu, tepelné elektrarny a petrochemicky
komplex.
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EMISE

Emise produkované v okoli stanice byly hodnoceny pro okresy Most, Teplice a Usti
nad Labem. U ¢astic PM1o v roce 2016 dominuji (48 %) fugitivni emise z pevnych paliv:
tézba a manipulace s uhlim. Tyto emise vSak nemaji aZ tak vyrazny vliv na kvalitu
ovzdusi. Castice produkované téZbou vznikaji uvnitf dold a na povrch se jich nedostava
vyznamné mnoZstvi. Na emisich PM1o se dale podilelo 25,5 % lokalni vytapéni a 8 %
verejna energetika a vyroba tepla (Obr. 2). Oproti tomu emise SOz byly tvoreny ze 44,3
% pravé sektorem verejné energetiky a vyroby tepla. Plyny a pary z vyrobnich zarizeni
se podilely 25,7 % a chemicky priimysl 17 %. Nejvyznamnéj$Sim zdrojem emisi NOx
byla verejna energetika (37,7 %), 20,6 % se podilel chemicky primysl a 17 % vyroba
mineralnich nekovovych produktt. Doprava se na emisich NOx podilela 14,8 %.

o, 2.15% 4.13% 1B1a - Fugitivni emise z pevnych paliv:
2.45% Tézba a manipulace s uhlim
3.58% 1A4bi - Lokdlni vytapéni domécnosti

6.06%

1A1la - Vefejna energetika a vyroba tepla

H 1A3 - Doprava

8.07% , 48.01%

1A2c - Spalovaci procesy v pramyslu a
stavebnictvi: Chemicky pramysl

m 3Dc - Polni préce (orba, sklizefi apod.)

25.56%
m 1A2f - Spalovaci procesy v primyslu a
stavebnictvi: Mineralni nekovové produkty

m Ostatni

Obr. 2: Podil zdrojii na celkovych emisich PM1o dle sektorového ¢lenéni zdrojt
Klasifikaci pro reporting (Nomenclature for Reporting - NFR) v okresech Most, Teplice,
Usti nad Labem, 2016.

VYSLEDKY

Vliv mozZnych zdroji na pocty Castic vjednotlivych velikostnich skupinach byl
posuzovan na zakladé jejich Cetnosti vyskytu pifi daném sméru/rychlosti vétru.
Prispévek k poctu c¢astic nuklea¢niho modu se projevil zejména pri vétru mezi 135°
315° nejvice vSak pri JV vétru. To naznaCuje moZny vliv znecistujicich latek
produkovanych zpracovatelskym petrochemickym zavodem na pocet ¢astic nukleacniho
modu. Vliv mést a tepelnych elektraren také neni zanedbatelny. Nejvyssi prispévek
k poctu ¢astic byl zaznamenan pri SV vétru u aitkenova a akumula¢niho médu. V tomto
pripadé se pravdépodobné jedna o vliv nedalekého Litvinova. Celkovy pocet ¢astic ma
shodné nejvyssi prispévek k poctu castic pri SV vétru avsak vyznamny prispévek byl
registrovan i pti JV a ] vétru (Obr. 3).

Vysledky ukazuji, Ze mérenou lokalitu vyrazné ovliviiuji zejména zdroje
z petrochemického komplexu, kde dochazi ke zpracovani ropnych produktd. Dalsi
vyznamné zdroje jsou teplarny, doprava a vytapéni. Vliv nejbliz§iho povrchového dolu
se vyrazné neprojevil.
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Obr. 3: VaZeny priimér poctu ¢astic v jednotlivych velikostnich skupinach - nuklea¢ni
mod (a), aitkentiv méd (b), akumulacni méd (c), celkovy pocet castic (d). Kazdy segment
ukazuje procentni piispévek k celkovému poctu ¢astic v dané kategorii. Sedé ¢arkované

kruZnice oznacuji rychlost vétru v m-s-1.
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INTRODUCTION

Atmospheric aerosol (AA), and its influence on the cloud formation, lifetime and
other properties, remains the most uncertain (with low confidence level) element in the
IPCC radiative forcing estimations (Stocker et al., 2013). The AA, however, is influenced
by the cloud processing as well (Collett et al., 2008; Zikova and Zdimal, 2016).

Cloud processing of AA (and vice versa) can be described on fogs, or on low clouds
present at a suitable station. An example of such a station is MileSovka, where fog is
present for almost 55 % of the time (FiSak et al., 2009), giving a great opportunity to
explore the changes in the particle size distributions due to the cloud processing.

EXPERIMENTAL SETUP

The measurements took place at the meteorological observatory of the Institute of
Atmospheric Physics of the Czech Academy of Sciences, located on the top of the
MileSovka Mtn. (50°33‘18“N, 13°5554“, 837 m a. s. l.). At the station, there are full
meteorological data measured continually, and additional measurements on physical
and chemical characterization of fog (visibility and present weather data by Present
Weather Detector (Vaisala PWD 52, Vaisala, Finland), along with water content and
droplet effective radius in the size range 3 - 50 um by Particle Volume Monitor (PVM-
100, Gerber Scientific, USA)).

For the description of the atmospheric aerosol properties, online measurement of
outdoor number size distributions in the size range 10 nm - 20 pum was conducted using
Scanning Mobility Particle Sizer (size range 10-700 nm, 110 size bins, SMPS 3936 L, TS],
USA), and Aerodynamic Particle Sizer (size range 0.5-20 um, 52 size bins, APS 3321, TSI,
USA). The time resolution was set up to 5 min, to be able to describe the real-time
changes in the particle number size distributions. The data were sampled during a
month-long campaign from 18.10. to 18.11.2013.

The sampling system consisted of non-heated whole air inlet to minimize losses,
metal tubing going vertically to APS, again to minimize the losses of the largest particles,
and a subsampling to SMPS.

On the dataset, the receptor modelling using EPA PMF version 5.0 was applied, with
each size bin in the dataset considered as an input variable. The model outputs were
profiles of particle number size distributions measured at the station. The identified
profiles were compared to the temporal behavior of fogs and fog-related variables.
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RESULTS AND CONCLUSIONS

After the application of the PMF on the SMPS and APS number size distributions
separately, three modes in APS and six modes in SMPS data were found (Tab. 1). The
contributions of individual profiles to the total number concentration was compared to
fog occurrence and also new particle formation (NPF) analyses, as one of the SMPS
profiles (mode 6) was found to be connected to NPF events. In the APS data, the mode 1
was clearly connected to fog events (Fig. 1), confirming the possibility to use the PMF
profiles for further analyses of meteorological and cloud physics properties.

Table 1: SMPS and APS modes positions of number size distribution profiles found by
the PMF. For bimodal distributions, positions of both modes are included with a
semicolon.

Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6

APS [um] 5.4 1.3 0.63
SMPS [nm] 53; 224 31 76;91 156; 552 385 15
® Mode 1 [T ! '
" Mode 2 | |
Mode 3 | |
T 8- |
g |
: f -+
8 |
o S |
o - ]
— -# ‘

T T |
Fog No fog Fog No fog Fog No fog

Figure 1: Boxplots of APS modes divided according to the fog appearance. No fog
period also excluded any other meteorological phenomena, for example rain, snow etc.
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SUMMARY

Quantification of atmospheric aerosol emission rates by large-surface sources, like
coal strip mines, is usually calculated from emission factors. Since the factors
significantly vary with meteorology and orography of the mine pit or used mining
technology, calculated emission rates may significantly differ from real ones. To
measure real aerosol emission rates from a large strip mine, eddy-covariant
measurements by an unmanned airship, carrying an aerodynamic particle sizer, were
conducted at heights 50-800m aloft a large lignite strip-mine Bilina in the Czechia in
winter 2017/2018. There was a critical height at 350m above the mine bottom, approx.
120m above the edge of the mine, identified in the mine atmospheric boundary layer.
Below the critical height, bimodal (0.6 and 8 micrometer) aerosol particle mass size
distribution was recorded then suddenly changed to monomodal distribution at higher
altitudes. Mass of submicron particles was constant (15ugm-3) up-to the critical height
while significantly dropped (5pgm-3) above the height. In contrast, proportionality of
supermicron particle mass linearly decreased from 90% (max ~6mgm-3) to 25% (1ugm-
3) at critical height and were constant at higher altitudes. Also, single technologies were
detected as rather narrow columnar plumes up-to 80m below the critical height but the
plumes were smeared and ceased at higher altitudes. This indicates rather low emission
aerosol rates from the mine to neighboring environment under meteorology condition
of the measurement.

0voD

Znalost dynamiky prostorového rozloZeni ¢astic atmosférického aerosolu v mezni
vrstvé atmosféry nad velkoploSnym zdrojem aerosolu umoZziiuje zpresnit redlny odhad
mohutnosti zdrojii znecisténi ovzdusi.

METODY MEREN{

Méreni prostorového rozloZeni c¢astic atmosférického aerosolu v mezni vrstvé
atmosféry bylo provedeno s pomoci dalkové rizené vzducholodi s uZiteCcnym vztlakem
15kg, 10Hz GPS lokaci, pohanéné elektromotory s vrtulemi s proménnou osou rotace na
cestovni rychlost kolem 5ms-1. Letovd méreni probihala nad povrchovym lomem na
hnédé uhli Bilina (50.57281N, 13.71798E), ve vySce 40-600m nade dnem lomu
s vertikalni/horizontalni lokalizaci dat kolem 5m ve dnech 11. a 18-20.12.2017. Letova
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méreni zahrnovala stanoveni velikostnich distribuci poctu castic v rozmezi 0.5-15um
(Aerodynamic Particle Sizer 3321, TSI) s frekvenci 1Hz.

VYSLEDKY A DISKUSE

Velikostni distribuci hmotnosti v blizkosti téZebnich technologii dominuji hrubé
castice (MMD=8.3 um), celkové koncentrace dosahuji ~6mgm-3 a exponencialné klesaji

s vyskou. Nad volnou plochou dominuji submikronové ¢astice (MMD=0.6 um) a celkové
koncentrace hmotnosti jsou radové nizsi (Obr. 1.).
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Obrazek 1. Vertikalni profil velikostnich distribuci aerosolu nad povrchem lomu s
rypadlem (vlevo) a bez rypadla(vpravo)

Podobné, ve vertikdlnim profilu vedeném podélné nad dnem lomu dosahuji
koncentrace PM1o (MMD=8 pum) maxima nejbliZze k pohdnéci stanici. Naopak, maxima
PM1 ve vySce cca 300m indikuji emise z lokalnich topenist' v blizkosti lomu (Obr.2).
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Obrazek 2. Vertikalni profil koncentraci PM1o (vlevo) a PM1 (vpravo) nade dnem lomu

ZAVERY

Z analyzy dynamiky vertikalnich profilt velikostnich distribuci aerosolovych ¢astic
vyplyva, Ze téZebni technologie jsou zdrojem hrubého aerosolu s omezenym rozptylem a
Ze vyznamny podil na koncentraci PM1 v ovzdusi lomu maji zdroje aerosolu mimo lom.
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INTRODUCTION

The atmospheric boundary layer (ABL) is the part of the troposphere directly
influenced by the properties of the Earth’s surface. The ABL thickness reaches from
hundreds of meters to a few kilometres. The daily cycle of the ABL height is primarily
result of interaction between incoming solar radiation and Earth’s surface heat fluxes
because a turbulent motion is dominant in this layer. Air pollutants are generally
emitted from surface and their measured concentrations are also influenced by dilution
of the atmosphere, or ABL thickness (Quan et al. 2013, Stull 2003).

This study is focused on the linkage between the diurnal ABL height evolution and
aerosol particle number concentrations.

MEASUREMENT AND METHODS

Evaluated data were recorded at National Atmospheric Observatory KoSetice
(NAOK - 49°34°24"N, 15°4’49"E, 534 m a. s. .) located in the NW part of the Vysocina
Region. NAOK is equipped by a wide range of modern instrumentation intended for
measurement of selected gaseous pollutants concentrations, atmospheric aerosol
properties and meteorological conditions. Within this study data recorded by Scanning
mobility particle sizer (SMPS - IfT TROPOS) and Ceilometer (Vaisala - CL51) in 2016
were evaluated. SMPS measures particle number size distribution over size range 10-
800 nm. Ceilometer uses a pulsed diode laser-LIDAR (Light Detection And Ranging)
technology. Laser pulses (wavelength of 910 nm) sent out in a vertical direction are
scattered at particles in the atmosphere and the backscattered light is detected (Wagner
and Schafer 2015, Lotteraner and Piringer 2016).

Ceilometer data processing method is based on the method published by Lotteraner
and Piringer 2016. The instrument output contains three aerosol-layer heights and three
cloud-base heights. Firstly, the lowest aerosol-layer from instrument output was defined
as the height of mixing layer (part of the ABL). Secondly, last two aerosol-layers were
used to determine the height of ABL. Default data time resolution of 16 s was converted
to 5 minutes intervals and then data were smoothed by the Local Polynomial Regression
Fitting method (Lotteraner and Piringer 2016, Cleveland et. al 1992).
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RESULTS AND CONCLUSIONS

More and less diluted conditions of the atmosphere were determined by splitting
time series of the mixing layer height into two groups - above and below daily median
value (665 m). The diurnal variation of the ABL is well pronounced under more diluted
conditions. Mixing layer started increase after 6 AM and after reaching maximum value
(1500 m) around 4 PM, decreased to initial height of 750 m. Boundary layer had the
same evolution. In contrast, the total number concentrations (TNC) had opposite daily
development under these conditions. The rising height of the ABL was followed by a
drop of TNC due to the dilution (Fig 1 a). More or less constant height of the boundary
layer and TNC is typical for less diluted conditions. Although the increase in TNC after
the ABL height decrease in the afternoon is also visible (Fig 1.b).

These first results confirm aerosol number concentrations response to different
dilution conditions caused by ABL thickness changes.

1 | | | | |
2000 ~5000 2000 —— — Mixing Layer ~5000
a o) = Boundary L &=
a] : [b] = | %
S E
1500 4000 s 1500 4000 5
E E E E
= & & g
£ 1000 ~3000 £ 5 1000+ ~3000 &
° 8 o 3
z 2
£ S
500 2000 5 500 _\/_\/\\_ 2000 3
e Mixing Layer = w©
m— Boundary Layer ° ©
= Total Aerosol Concetration o =
T T T 1000 r | . 1000
0 6 12 18 23 0 6 12 18 23
time [hour-UTC] time [hour-UTC]

Fig. 1: Daily evolution of the ABL and TNC above (a) and below (b) daily median of
mixing layer height in 2016.
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INTRODUCTION

Automotive emissions have been environmental and health issue since mass
expansion of internal combustion engine. In the past, the challenge has been to develop
technology that would make engines clean. Today efficient and affordable
aftertreatment technology is available. Challenge remains to secure in use performance
as low durability, poor maintenance or deliberate tempering with aftertreatment results
in much higher real world emissions compared to nominal values.

Most harmful pollutant for human health is fine particle air pollution (PM2s),
causing almost 430.000 premature deaths in Europe each year and 4.2 million globally
(WHO 2016, EEA 2018). Key contributor to PM2s in urban areas is diesel engine. Despite
strict regulation since 2011 EURO 5b that induced use of diesel particulate filters (DPF)
for all new diesel vehicles, PM2s levels do not show notable reduction in many cities
across Europe, including Prague (CHMI, 2017). Poor air quality leads some cities to
extreme measures like limiting or banning vehicles entering them.

Periodic technical inspection (PTI) proves to be largely ineffective due to mild test
procedures, obsolete instrumentation, relaxed limits and ways to circumvent it (Kadijk
etal. 2017).

Goal of our research is to evaluate air pollution from real life traffic and contribution
of individual vehicles to particulate matter pollution. Additionally, assess vehicle
compliance by comparing measured emission trace with technical data for given vehicle.

EXPERIMENTAL SETUP

Roadside extractive sampling of exhaust plume of passing vehicle is used as a
remote sensing tool to detect high emitters, see Fig. 1. Fast response high frequency
analyzers were used to measure particulate mass (PM) by EEPS from TSI, particulate
number (PN) by Micro soot sensor from AVL and gaseous emissions - CO2, CO and NOx
using FTIR. CO2 was used to determine specific particle emissions per liter fuel and per
km travelled - together with fuel consumption data for a given vehicle.

In order to assess whether the vehicle emission trace is normal or suspicious,
technical data for each vehicle are needed. For that vehicle number plate is also
recorded and based on it vehicle technical data retrieved from the registry. Emission
trace is than compared to nominal technical based on emission norm, year of
manufacture and fuel type. It is assumed that all CO2 measured is generated by fuel
combustion and that all species, gaseous and aerosol, from given source reach the
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sampling probe at the same time. Fuel consumption is taken as the average value for
given vehicle from vehicle registry or 5kg(~61)/100km when not known.

It is acknowledged that no direct comparison can be made between this roadside
measurement and emission limits given by norms, as vehicle conditions vary and are not
directly comparable to laboratory tests specified by the vehicle emission regulation.
However, some conclusions can be made and suspected vehicles identified - for example
vehicles that should have DPF but it does not seem operational could be identified.

Initial study was conducted in Prague in October 2017 in two locations -ramp to
Hlavkiv most and ramp from Povltavskd to V HoleSovickach. Additional study was
conducted in May 2018 in cooperation with Police and Ministry of Transportation. In
this second study the roadside measurement described above was used to pre-select
high emitting vehicles for further police roadside technical inspection with Police to
confirm the suspicion. This part of the study is not covered here.

Radar Speed |
detection
5 Emission
3 Cameras
measurement
instruments

Remote sensing
sampling passing
vehicles using
sampling line

Fig. 1: Pre-selection of passing vehicles using remote sensing - exhaust plume
roadside sampling

RESULTS AND CONCLUSIONS

Over the two-week campaign more than 25000 vehicles were recorded by camera,
their registration plates machine recognized and technical data for these vehicles
retrieved from the vehicle registry. Large dataset of dynamic vehicle fleet (those actually
on the road, regardless on which county they are registered and/or whether they are in
use) on the streets of Prague with technical data was assembled. Key finding is that
Prague has large number of diesel powered vehicles - 2/3 compared to 1/3 of gasoline.
Good news is that half of them are newer vehicles equipped with DPF. Hence on the road
is 1/3 non-DPF diesel, 1/3 DPF diesel and 1/3 gasoline.

Vehicle emission analysis requires measured data - time series - to be segmented
and assigned to the corresponding passing vehicle. Unfortunately, this fundamental task
appears to be the key challenge and limitation of this method. Despite fast response
analyzers (5-10Hz) and time synchronization of cameras, emission and other
equipment, variability in time delay between vehicle passing the sampling probe inlet
and an analyzer actually detecting it varied greatly, up to + 2s. This was governed by
combination of unknown and uncontrollable factors like distance from vehicle to probe
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inlet, tailpipe location on the vehicle, turbulence behind the vehicle depending on its
speed and whether it is isolated one or string of vehicles. There are probably other
factors too. Crucially, in both measurement locations traffic is mostly heavy with vehicle
intervals often only 1-2s. To complicate things further still, due to technical restrictions
the camera capturing the passing vehicles did not point to the inlet of the sampling line,
except for a brief period in the initial setup trials. Distance between probe inlet and
camera capture point was only 10-15 meters. However, given variable vehicle speed,
that resulted in additional + 1s variation in sampling delay. Unfortunately, that rendered
most of the emission data unusable. Therefore, emission data for only about 2000
vehicles could be assigned to a particular vehicle, still with much human data
processing. Additional obstacle was detection limit of both FTIR and aerosol analyzers.
Only 496 vehicles (25%) generated measurable emission trace. The rest was too diluted
or had concentrations below the detection limit.

Key finding from the analyzed data is very uneven distribution of emission
contribution: 5% highest polluters generate 50% of particulate emissions, both PN and
PM, see cumulative distribution of the particulate emissions based on number of
vehicles on Fig 2.
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Fig. 2: Cumulative contribution of roadside measured vehicles to PM and PN emissions

Similar conclusion can be drawn from particulate emissions generated per km
travelled. By combining fuel consumption for each vehicle from registry and specific
emission trace per 1l fuel, emissions per km were derived, see Fig. 3. It is clear that
extreme polluters offset the overall result. It is also noticeable that most of them are
older vehicles without DPF. Emission limits for Euro standards are shown for reference.
No direct comparison with the measured data can be made as the limits are linked to
specific drive cycle under laboratory conditions.
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Fig. 3: Specific PM and PN emissions - combining measured data and fuel consumption
From the above results it is apparent that efficient air pollution improvement
measure would affect small percentage of vehicles that would have to be fixed or kept off
the road. Most of these extreme polluters are older vehicles in bad technical condition.
As for the sampling method, key challenge appears to be matching vehicle and
emission trace due to high frequency of passing vehicles and variability in sampling
delay. Further development of the roadside sampling method is needed and/or lower,
well controlled traffic density is needed - e.g. 1 vehicle every 5s maximum.
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SUMMARY

Organic compounds (polycyclic aromatic hydrocarbons, alkanes) and organic
markers (hopanes) used for the identification of aerosol emission sources were
measured in emissions from the combustion of hard and brown coal. Coal was
combusted in different boilers used for residential heating in the Czech Republic, i.e,
overfire boiler, boiler with down-draft combustion 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 zdrojl prachovych (aerosolovych) ¢astic v ovzdusi jsou spalovaci
procesy. Vyznamnymi zastupci téchto zdroji jsou mald spalovaci zarizeni (MSZ)
pouzivana k vytapéni domacnosti béhem zimniho obdobi. Problémem MSZ je nizka
vyska komint, ktera zptisobuje hromadéni prachovych castic v dychaci zéné obyvatel
mést a obci. Tato zafizeni také nemaji Zadné cCisténi spalin (filtry) a neplati pro né
obdobné kontrolni a regula¢ni mechanismy jako pro velké zdroje znecistovani ovzdusi.
Vysoka koncentrace prachovych ¢astic v ovzdusi ovliviiuje lidské zdravi. Skodlivost
prachovych castic 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 ¢astice (PM2,5) pronikaji hloubéji do plic, pridusek a
plicnich sklipkl (Kitimal a kol., 2012). Bylo potvrzeno, Ze dlouhodoba expozice ¢astic
sniZuje obranyschopnost ¢lovéka (Brunekreef a Holgate, 2002). Prachové Castice na sebe
vazou toxické a karcinogenni slouceniny, jako jsou napriklad polycyklické aromatické
uhlovodiky, polychlorované bifenyly a ostatni organochlorové slouceniny, tézké kovy a
dalsi polutanty (Kitmal a kol, 2012), které se po depozici v plicich mohou z castic
uvolnovat a pronikat do organismu.

Pirevazna cast zneciSt'ujicich latek z MSZ je do ovzdusi emitovdna béhem topné
sezény v zimnim obdobi. Samotna topna sezoéna trva cca 5 mésicli, takze realny podil
MSZ na aktualnim lokalnim zneciSténi béhem topné sezdny je podstatné vétsi nez jsou
uvadéné primeérné roc¢ni hodnoty. Staré technologie spalovani (prohorivaci a odhorivaci
kotle) jsou velmi rozsirené hlavné ve stiedni a vychodni ¢asti Evropy, coz zpiisobuje
znacné zneciSténi ovzduSi prachovymi c¢asticemi béhem topnych sezén. Moderni
spalovaci zarizeni (automatické kotle) produkuji vyznamné méné emisi znecistujicich
latek, a proto se zvySuje tlak na vyménu starych zarizeni za noveé.
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METODY MERENI

Spalovaci zkouSky byly provedeny s hnédym a ¢ernym uhlim, v odlisSnych typech
spalovacich zarizeni a za odliSnych podminek spalovani (jmenovity a sniZeny vykon).
Pouzité spalovaci zarizeni predstavovaly jak zastupce starych Kkonstrukcnich reseni
(prohorivaci a odhorivaci kotle), tak také moderni spalovaci zarizeni (automatické
kotle). Spalovaci zkousky byly provedeny za pouziti standardizovanych postupl (EN
303-5). Spaliny byly z kotld odvedeny izolovanym kominem (dle standardnich
poZzadavki) k Fedicimu tunelu. Redici pomér byl stanoven dle o¢ekdvaného mnoZstvi
spalin. Odbér vzorkl spalin pro nasledné analyzy byl realizovdn v fedicim tunelu.
Spaliny (TSP frakce) byly odebirany izokineticky na kremenné filtry, které byly
podrobeny analyzdm organickych sloucenin, vcéetné toxickych a karcinogennich
polycyklickych aromatickych uhlovodikt (PAU), a vybranych molekulovych organickych
markert (hopany), pomoci kterych lze identifikovat emisni zdroje v méstském aerosolu.

Ve vzorcich (kifemenné filtry) byly kromé hopant a PAU analyzovany i alkany.
Extrakce filtri probihaly smési hexan/dichlormethan (1:1 v/v). Extrakty byly po
frakcionaci analyzovany pomoci GC-MS (Kiimal a kol., 2013; Mikuska a kol., 2015).

VYSLEDKY A DISKUSE

Emisni faktory ¢astic (TSP) a organickych sloucenin byly mnohem vys$si (Obr. 1) pfi
spalovani ve starych typech kotli nez v modernich typech pro obé spalovana paliva, tj.
hnédé uhli a ¢erné uhli. Nejvyssi emise Castic byly ze spalovani hnédého (az 9 872
mg/kg) a cerného uhli (aZ 17 001 mg/kg), predevSim v konstrukéné nejstar$Sim kotli
468 mg/kg) a koncentrace mnoha organickych sloucenin byly pod limitem detekce
analytické metody. Dtivodem tohoto rozdilu je jiny zpasob prikladani paliva, odlisna
konstrukce kotle a odliSny zptlisob spalovani paliva. U automatického kotle je spalovani
plynulé, protoZe palivo je v menSich davkach pridavano automaticky pomoci dopravniku
paliva nékolikrat za minutu. Suma koncentraci vSech analyzovanych sloucenin (PAU,
hopany, alkany) tvorila az 2 % hmotnosti TSP. Suma emisnich faktori pro PAU se
pohybovala mezi 0,001 a 219 mg/kg a pro alkany mezi 0,009 a 115 mg/kg v zavislosti na
pouZzitém kotli a palivu. Sumy emisnich faktort hopant (organickych markert pro
spalovani uhl{) byly mnohem niZzsi, tj. 0,001 - 7 mg/kg.

NasSe pozornost byla zamérena predevSim na analyzu organickych markeri a
nasledné stanoveni diagnostickych pomért, které slouzi jako pomocné identifikatory
emisnich zdrojl c¢astic v ovzdusi. Diagnostické poméry pro hopany (tzv. homohopanovy
index) byly pribliZzné shodné s hodnotami uvedenymi v literatuie. Diagnostické poméry
pro alkany a predevsim pro PAU byly naopak hodné odliSné od udaji v literatuie. PAU
vznikaji predevSim pri nedokonalém spalovani organického materialu. VSechny poméry
uvadéné v literature jsou vysledkem spalovani paliv v kamnech a krbech s dostatkem
vzduchu (dokonalé hoteni). Cilem nasich experimentii bylo pribliZit se redlnym emisim z
domacnosti, proto bylo palivo spalovano v kotlich se jmenovitym a se dvéma sniZenymi
vykony (cca 30 % a 60 %).
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Obr. 1: Emisni faktory pro TSP a PAU (mg/kg) ze spalovani pevnych paliv (HU hnédé
uhli, CU ¢erné uhli) v prohotivacim, odhotivacim a automatickém kotli pti rliznych
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ZAVER

Nejvyssi emisni faktory byly nalezeny pfti spalovani v nejstarsich typech kotli pro
vSechna paliva. Kromé stanoveni toxickych PAU jsme se také zamérili na slouceniny
(markery), pomoci kterych lze urcit zdroj aerosolovych c¢astic na monitorované lokalité.
Zjisténé hodnoty diagnostickych poméri lépe odrazi redlné emise polutanti ze
spalovani hnédého a ¢erného uhli v domacnostech.
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SUMMARY

This paper deals with the identification of the formation of fine particles during the
temperature increase of the Beech Heartwood. The paper presents a laboratory
procedure that combines the thermogravimetric analysis with detailed monitoring of
the size distribution of fine particles produced. The cool aerosol stream leaving TGA
enters a Scanning Mobility Particle Sizer (SMPS) where the particle size fractions are
separated.

A number of particles in the particles size fractions are identified by the condensation
particle counter (CPC).
UvoD

Znecisténi ovzdusi emisemi ze spalovacich procesii jsou zavaznym problémem
soucasnosti. Vyznamny podil na tom maji i mala spalovaci zatizeni. Problémova situace
je navic umocnéna v pripadech zhorsSenych rozptylovych podminek v kombinaci
s nizkou vyskou komina a velkym mnozstvim uvolnénych znecistujicich latek. Prestoze
jsou procesy spalovani biomasy povaZovany za Setrnéjsi, dochazi i v téchto ptripadech ke
vzniku jemnych ¢astic, jejichZ vznik zavisi na vlastnostech paliva, chemickém sloZeni,
vlhkosti, typu spalovaciho zarizeni a podminkach spalovani. Klicovymi faktory pro
spalovani jsou c¢as setrvani hotlavé slozky ve spalovaci komorte, teplota spalovani,
turbulence a mnoZstvi kysliku. V soucasné dobé existuje nékolik pristupt, jak detekovat
a vyhodnocovat mnozstvi, velikost, sloZeni a typ jemnych castic (Leskinen et al., 2014,
Hovorka et al., 2015). Jemné ¢astice uvoliované pri spalovani biomasy se odliSuji nejen
velikosti, ale i fyzikalnimi
a chemickymi vlastnostmi. Cilem tohoto prispévku je propojit termogravimetrickou
analyzu s SMPS pristrojem pro detekci jemnych c¢astic. Pochopeni zavislosti produkce
jemnych ¢astic a hmotnostniho ubytku vzorku v laboratornich podminkach miize
prispét k celkovému porozuméni déjii, které se odehravaji pti spalovani biomasy
v realnych podminkach.

METODY MEREN{

Tento laboratorni postup kombinuje termogravimetrickou analyzu a pristroj SMPS.
Pod pojmem termicka analyza rozumime veskeré experimentalni metody, pri kterych
pozorujeme zmény sloZeni a vlastnosti pozorovaného materialu zptisobené tepelnym
zatéZovanim. TGA umoZnuje urcit teplotni intervaly, kdy dochazelo ke zménam
hmotnosti v souvislosti s riiznymi procesy, jako je tepelny rozklad nebo dehydratace
daného vzorku. Béhem meéreni pristroj TGA monitoruje hmotnost vzorku ovlivnéného
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teplem a identifikuje jeho ztratu. Méreni bylo provedeno s vyuZitim zarizeni TGA
NETZCH - Jupiter F3. Vysledkem méreni je TGA kiivka zndzoriiujici zménu hmotnosti v
zavislosti na teploté vzorku. Plynné slozky tepelné ovlivnéného vzorku jsou rozptylené
v testované atmosfére. Proud aerosolu vstupuje do SMPS (Scanning Mobility Particle
Sizer), kde dochazi ke tiidéni jemnych ¢astic na zakladé jejich velikosti a nasledné je
urcena jejich koncentrace. Zarizeni TGA a SMPS byly navzajem propojeny elektricky
vodivou silikonovou hadickou a délce 1,5 metru. Produkce jemnych castic béhem
procesu spalovani vzorkd bukového dieva byla mérena zatizenim TSI-SMPS (Model
3080 - Elektrostatické klasifikatory vcetné CPC 3775).

Charge
neutralizer

Sample

Detection

A /

RO RN )

Butanol
condensation

Obr. 1: Experimentalni nastaveni mérici aparatury- vlevo pristroj TGA a vpravo SMPS

CPC

DMA

Tab. 1: Charakteristiky bukového dreva

Material | Hustota Obsah Lignin | Holoceluléza @ Vytazky
vody celuléza

Bukové | 730 61% | 20% 78% 50% 2%

drevo kg/m3

Byli mérené 3 rhzné velikosti bukového dieva oznacené jako S, M, L (maly, velky,
stredni). Detailni rozméry jsou popsané v tabulce 2. Porovnana byla jejich tepelna
dekompozice, rychlost horeni, Ubytek hmotnosti a produkce castic do 1 pm.
Experimentalni méreni probihalo ve dvou rtznych atmosférach - ve vzduchu a v ¢isté
inertni atmosfére s dusikem.

Tab. 2: Popis vzorki

Ojrjfkeum' Rozmér Vaha Povrch
L (Large) 20x13x2 mm 280 mg 652
M (Medium) 20x8x2 mm 150 mg 432
S (Small) 20%3x2 mm 80 mg 180

Méreni jemnych castic pristrojem SMPS probihalo v minutovych intervalech po celou
dobu teplotniho ovliviiéni vzorku bukového dreva.
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VYSLEDKY, DISKUSE

Teplotni program termogravimetru byl nastaven na dobu 1 hodina a 32 minut.
Vzorek bukového dreva byl zahrivana rychlosti 10 °C za minutu na maximalni teplotu
650 °C. Setrvani vzorku pii této teploté bylo 30 minut. Jak je moZné vidét na obrazku 2,
produkce jemnych Castic pri tepelné dekompozici v inertni atmosfére s dusikem zacina
byt vyznamna priblizné od teploty 70 °C, coZ souvisi s odparovanim vlhkosti v palivé.
Nasledné maximalni produkce jemnych Castic byla sledovana od teploty 160 °C aZ to
teplotu 250 °C. Vrozmezi teplot 300 - 340 °C byl sledovan nahly pokles produkce
jemnych Castic. Jejich vyznamnéjsi narust opét nastal od teploty 360 °C. Od této teploty
dochazi k posunu maxima produkce k mensim velikostem castic, priblizné 160 nm.
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Ve vzduchu doSlo v porovnani s inertni atmosférou k rychlejSimu zahoteni vzorku.
Vyznamna produkce ¢astic byla sledovana pfi teploté 90 °C. Pri teplotach 260 - 350°C
byl sledovan vyrazny pokles produkce jemnych ¢astic. K zahoteni vzorku, coz vyplyva
z poklesu hmotnosti sledované pristrojem TGA, doslo pfti teploté 320 °C. Celkova
produkce jemnych ¢astic ve vzduchu byla mensi, neZ je tomu v piipadé inertni
atmosféry.
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Obr. 3: Vysledky vzniku ¢astic a TGA krivek pro vzorek L bukového dreva ve vzduchu
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Obrazek 4 znazornuji pocet jemnych castic produkovanych z jednotlivych velikosti
vzorki pri teploté 300 °C, mnozZstvi jemnych Castic zavisi na sloZeni atmosféry a na
velikosti (tvaru) vzorku. Zatimco v inertni atmosfére je produkce jemnych ¢astic pfimo
umeérna velikosti vzorku, v pripadé vzduchu je tomu opacné.
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Obr. 4: Porovnani produkce jemnych ¢astic u vzorki riizné velikosti v inertni atmosfére
(vlevo) a ve vzduchu (vpravo) pti teploté 300 °C

ZAVERY

Vysledky uvedeného experimentu prinasi dva zavéry. Prvnim je vyrazny pokles
produkce jemnych ¢astic v rozmezi teplot 280 - 350 °C. Tento jev byl zaznamenan
hlavné u vétsich vzorki velikosti M a L. Souvisi to tedy s velikosti a tvarem vzorku.
Jednim z moZnych vysvétleni tohoto jevu je kondenzace spalin v silikonovych hadi¢kach
pti ochlazovani aerosolu. Druhym jevem je produkce jemnych ¢astic p¥i teploté 300 °C.
Zatim co v inertni atmosfére je jejich produkce imérné zavisla na velikosti vzorku, ve
vzduchu je tomu opacné. Tento jev souvisi se zahtivanim vzorku, jeho tvarem a
povrchem. Vyssi produkce sledovana u vzorku velikosti S je také spojena s absenci
vyrazného poklesu produkce ¢astic pri teploté okolo 300 °C. Vysledky tohoto
experimentalniho méfreni budou predmétem dalSiho ovérovani, aby doslo k vylouceni
chyb méteni zplisobenych pripadnou kondenzaci ve vedeni spalin do pristroje SMPS.
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INTRODUCTION

A burning processes are always accompanied by emissions, and solid fuel
combustion is believed to be the main source of dust releases. Solid fuels are
predominant for using by boilers under 300 kW, which are mostly use for heating the
domestic buildings and small premises in industrial and other use. It is well known, that
using such boilers is inevitably involves the pollution releases, among which are
emissions of oxides of carbon, nitrogen and sulfur oxides and particulate matters. After
2020 all boilers in European Union are have to be consistent with the list of ecological
norms, and norm ECODESIGN is the one of them. This norm, inter alia, means that PM
concentration could not exceed 40 mg/m3n. Such legislative measures are compelling
the producers to make steps to decrease boiler’s pollutions. However, it is hard to
achieve the desired results by optimization of burning processes only. That’s why arises
a need to equip the boilers with the gas cleaning units. Within this context, precipitation
particulate matter with electrostatic method is one of the most perspective. Within
studies to optimize the constructional and high voltages parameters of ESP, it was
appeared unusual phenomenon, which has describing below.

EXPERIMENTS DESCRIPTION

Researches of electrostatic precipitation efficiency were carried out on boiler with
automatic fuel feeding and alone standing ESP. The brown coal and wooden pellets were
used in kinds of a fuel. Tests were conducted at 30% and 100% heating power.

Technological scheme of installed equipment is shown on Fig. 1. Thus equipment
installation allows the objective assessments the values of dust concentration and
corresponds to norm AS/NZS 40T3:2014 and EPA Method 5G.
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Fig. 1. Equipment installation scheme.

Tested automatic solid fuels boiler was about 107 kW heating power. Flue gases,
which of the fuel burning, were tacked out by fun and subsequently sent to ESP for
cleaning from ash particles.

ESP is a vertical unit, which collecting honey comb electrodes. Discharge electrodes
were presented by stainless wire and were mounted coaxially to each hexagonal cell.
High voltage power source provides the ESP feeding with high negative voltage with
value about 12 kV. Mass concentrations were measured due gravimetric method, based
on the isokinetic flue gases sampling and further filtration by pre and post weighted
filters, due norms ISO 9096 and EN 132484-1. Respective sampling point was set
consequently behind the ESP and samplings were provided with alternately off and on
switching the ESP, thereby avoiding an influence of mechanical inertial component of
dust separation. Every sampling procedure takes unless 30 minutes.

At the same time, the samples for defining the numeric dust concentration value
were taking by using the ELPI+ and CPC. Because of impactor structure, ELPI®+ enables
to get the values of total numeric concentration and, at once, dust particles distribution.
This ability to classify particles into fractions will find further using in post-
measurement chemical analyses of some particular fractions. Applied condensation
particle counter (CPC) is a devise that counts particles upon their previous condensation
enlarging. As the result of CPC measuring plays total numeric particles concentration.

Numeric particle concentrations measuring was held concurrently with both
methods during the all experiment time.

During the experiment the wooden pellets and brown coal were used as fuels. The
chemical composition of both fuels is detailed in Tab. 1.

Tab. 1 The fuels chemical composition.

Element Designation Content in Content in coal,

pellets, % %

Carbon C 47,73 52,72
Hydrogen H 6,10 4,28
Nitrogen N 0,04 0,74

Oxygen 0 40,00 13,34
Sulphur S 0,05 1,01

Water content H20 6,00 22,00
Ash A 0,39 5,9
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THE EXPERIMENTS RESULTS, DISCUSSION AND CONCLUSIONS

The filters in top row with numbers 170,172,174 are belong to samples without ESP
acting. The bottom row of filters (with numbers 171, 173, 175) corresponds the
concentrations with flue gases were pre-cleaned by ESP. The experiments were
provided under the conditions due the All samples expanded data about evaluation of
ESP effectivity are given in Tab. 3.

All samples expanded data about evaluation of ESP effectivity are given in Tab. 3.

Tab. 2 The coal combustion experiment conditions

Parameter Units Value

Boiler power kW 105

Type of fuel Brown coal

Flue gases temperature °C 165

Flue gases quantity m3n/h 122,3
Tab. 3 ESP’ effectivity in coal combustion case.
Number of filter 170 171 172 173 174 175
Sampling start h:min 10:00 10:45 11:30  12:07 12:45 13:22
Sampling end h:min 10:30 11:15 12:00 12:37 13:15 13:52
Remark ESP off ESPon ESPoff ESPon ESPoff ESPon
Ach concentration mg/m3n 37 8 35 8 34 8
ESP effectivity % 78,4 77,1 76,5

In the background of expected mass concentration declining, the numerical particles
concentrations’ growing was detected. Detected by CPC total numerical particle
concentration growing has its reflection in Fig. 3.

Fig. 2 Coal burning full power case samples filters.
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Fig. 3 The coal burned case. CPC. Total particle concentration chronological change.

Meanwhile, with the help of ELPI+ sampling, was confirmed the similar changing of
particle concentration. Moreover, has been defined that total numeric concentration
rising was achieved because of rising concentration of particles with diameter about 17
nm only. That effect can be viewed on the further Fig. 4. It should also de noted, that all
samples were made in similar (with deviation less 5%) experiment condition, such as
boiler power output, flue gases temperature, quantity and their under pressure in

chimney.
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Fig. 4 The coal burned case. ELPI+. Numerical particles distributions with ESP on/off.
In case of the wooden pellets combustion, there were taken several alternately
samples with off and on ESP switching. Only two samples were selected out due the
stability of experiment condition. The conditions of that’s case experiments are get in

Tab. 4.

Tab. 4. The pellets combustion experiment conditions

Parameter Units Value
Boiler power kW 100
Type of fuel Wooden pellets

Flue gases temperature °C 170
Flue gases quantity m3n/h 108,3

That’s case expanded ESP effectivity data in expressed with decreasing of mass
concentration is summarized for those samples in Tab. 5.
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Tab. 5. ESP’ effectivity in pellets combustion case.

Filter’s number 190 191 193 194
Sampling start h:min 11:09 11:44 13:10 13:48
Sampling end h:min 11:39 12:15 13:41 14:18
Remark ESPoff  ESPon ESPoff  ESPon
Ach concentration mg/m3n 21 5 19 6
ESP effectivity % 76,2 68,4

The accepted filters” photo is presented in Fig. 5. Filters 190 and 193 are
corresponds to the ash concentration without flue gases precipitation. Filters 191 and
194 are matching to combustion gases, were precleared by ESP. The decreasing of
numeric concentration distributed by fractions is presented on

Fig. 6.

Fig. 5 Pellets combustion full power case samples filters.
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Fig. 6 The pellets combustion case. ELPI+. Numerical particles distributions with ESP
on/off.

Affecting of the ESP employing on the particle numeric concentration has been
carried out with two independent ways, which were based on different principles.
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During the experiment has been determinate the expected numeric concentrations
reduction, except uncommon behavior of fractions of 17 nm. That changing has been
noticed only in cases of coal burning, and has not been accrued whilst the pellets were
combusting. Meanwhile, content of ash in flue gases was has been supposedly reduced
by ESP for 70-80 % in mass concentration meaning.

As a reason of that digression the nucleation of sulfur acid” particles has been
suggested. The nucleation process might run under further way. As one of the secondary
processes of corona discharging, the ozone formation plays. Because of its high oxidation
ability, ozone quite efficiently provides an oxidation of SOz up to SOs. The existence of
this oxide, coupled with flue gases humidity, accuse the nucleation of H2S04 drops.
During the ordinary conditions of the flue gases - when the ESP is switching off - this
acid drops find a condensation on a surface of suspended ash particle evenly. Thus runs
the heterogenic nucleation with the ash particles as condensation nuclei. By ESP
switching on, all the ash particles are precipitating with certain effectivity. The absence
of sufficient particles” array leads to nucleation is becomes a homogenous. In other
words, in the ESP particles are separating, but conditions in flue gases are such, that
mount of particles with diameter about 17 nm are nucleating. This possibility of new
acid particles nucleating mast be considered in a new cleaning apparatus design, in
meaning of its efficiency and ensure reliability and working life.
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SUMMARY

Numerous studies suggested that large number of particulate matter (PM) health
effect could result from the oxidative potential of aerosol particles. The oxidative
potential, defined as a measure of capacity of PM to oxidize target molecule, has been
proposed as a metric that is related to biological responses to PM exposures. For
determination of the particulate matter oxidative potential are currently used different
assays. The aim of this study was to determine the total metal concentration in PM1 and
PM2s5 aerosol in winter and spring period and investigate role of metals in oxidative
potential of particulate matter.

UvoD

Aerosolové castice (PM, Particulate Matter) suspendované v atmosfére obsahuji
mimo jiné slouceniny i toxické kovy, které mohou do lidského organismu vstupovat
prostiednictvim inhalace a zplisobit vaZzné zdravotni potiZe. Rozpustné pirechodné kovy
adsorbované na PM mohou vytvaret reaktivni kyslikaté slouceniny (ROS, Reactive
Oxygen Species), coZ jsou volné radikdly vytvorené z molekuly kysliku obsahujici
neparovy elektron, a slouCeniny kysliku, ze kterych mohou radikaly vznikat. Pokud
koncentrace ROS piesahne koncentraci antioxidanti k jejich neutralizaci, mize dochazet
k oxidaci dalSich bunécnych sloZek. Mira schopnosti PM oxidovat urcité molekuly (tzv.
oxidacni potencial) je indikatorem tvorby ROS a potencionalnich Skodlivych ucinkd PM
na zdravi (Charrier a kol. 2012).

METODY MEREN{

PM1 a PMzs aerosol byl paralelné vzorkovan pomoci velkoobjemovych vzorkovact
DHA-80 a DHA-77 (Digitel, pritok vzduchu 30 m3/h) na nitrocelul6zové filtry (primeér
150 mm, porozita 3 pum, Sartorius) ve 48 hodinovych intervalech v zimnim (12. 2. -
1.3.2018) ajarnim (18. 4. -2.5.2018) obdobi.

Hmotnostni koncentrace aerosoli byla urcena gravimetricky na zdkladé rozdilu
hmotnosti filtri pired a po expozici.

Filtry s navzorkovanymi aerosoly byly rozstiithany na 4 ¢asti. Prvni ¢ast filtru byla
rozloZena v kyseliné dusi¢né vyuZzitim mikrovinného rozkladu (UltraWAVE, Milestone) a
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extrakt byl analyzovan na celkovy obsah jednotlivych kovii pomoci ICP-MS s trojitym
kvadrupdlem (ICP-MS 8800, Agilent).

Vliv kovli na oxidaci dithiothreitolu (DTT) byl studovdn pomoci standardnich
roztokl kovi. Standard kovu byl inkubovan pti 37 °C s DTT (100 uM) v 0.1M fosfatovém
pufru o pH 7,4 (celkovy objem 1 ml) po dobu od 15 do 90 minut. Ve stanoveny cas byl do
inkuba¢ni smési pridan 1 ml 10% trichloroctové kyseliny. Po promichani bylo 0,5 ml
smési odebrano a smichano s 25 pl kyseliny 5,5"-dithiobis-2-nitrobenzoové a 1 ml 0,4 M
Tris-HCl (pH 8,9) obsahujici 20 mM EDTA. Ubytek DTT byl méfen spektrofotometricky
pomoci UV-VIS spektrofotometru (DU 520, Beckman) pfi vilnové délce 412 nm (Cho a
kol., 2005).

VYSLEDKY A ZAVER

Priimérna hmotnostni koncentrace PM1 aerosolu v zimnim obdobi (21,9 pg/ms3)
byla témér 2x vyssi neZ v jarnim obdobi (11,5 pg/m3). U PMzs byl pozorovan podobny
trend: priimérna koncentrace v zimnim obdobi 30,4 pg/m3, v jarnim obdobi 16,0 pg/m3.

Castice méstského aerosolu ve frakci PM1 a PMz;s byly analyzovany na obsah 21
prvki (Cu, Pb, Cd, Mn, Fe, Cr, V, Co, Na, K, Al, Ca, Ni, Ti, Sr, As, Se, Mo, Sn, Sb, Ba).
Koncentrace vétSiny kovi bylav PM1 i PM2s aerosolu vzimnim obdobi vét$i nez
v jarnim. Chemické sloZeni aerosolu je variabilni a je zavislé na zdrojich znecistujicich
ovzdusi a meteorologickych podminkach.

Dosud byl zméren ubytek DTT pro standardy kationtd 10 kovili (konkrétné Cu, Mn,
Co, V, Pb, Fe, Ni, Zn, Cd a Cr). Z testovanych kovt zpiisobuji nejvétsi ubytek DTT méd’ a
mangan. Naopak nejmensi ubytek DTT byl prokazan u standardu s Cd a Cr, u kterych
nebylo mozné priikazné zmérit ubytek DTT.
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INTRODUCTION

Air pollution is a human health hazard, contributing to morbidity and mortality, not
only close to strong anthropogenic emissions, but also at pollution levels typical for the
rural environment in central Europe. The carriers of toxicities are only partly known,
and the levels and variabilities of even the identified relevant pollutants in ambient air
are understudied.

We studied the urban vs. rural, seasonal, particle size, and phase (gaseous and
particulate) distributions of aerosols with an emphasis on the aromatic fractions.
Nitroaromatic compounds in air are more carcinogenic than the parent polycyclic
aromatic hydrocarbons (PAHs) (B.J. Finlayson-Pitts and ].N. Pitts, 2000; EU Working
Group on Polycyclic Aromatic Hydrocarbons, 2001) and quinones, a prominent class of
oxy-PAHs (OPAHs), contribute to reactive oxygen species generation upon particle
deposition in the lung (J.G. Charrier and C. Anastasio, 2012).

Nitro-PAHs (NPAHs) and OPAHs are probably the most potent toxic compounds in
ambient air and the most hazardous environmental chemicals for public health in
central Europe, but their levels, fate in the environment and toxic potencies are largely
unknown (I.J. Keyte et al., 2013; G. Lammel et al.,, 2017).

EXPERIMENTAL SETUP

PAHs, NPAHs, oxygenated PAHs (OPAHs, including various quinones) and
nitromonoaromatic hydrocarbons (NMAHs i.e., nitrosalicylic acid, -phenols and -
catechols) were determined at two polluted wurban sites, Kladno-Svermov
(50°10°02"N/14°06°42”E) and Ostrava-Privoz (49°51'23”"N/18°16°11"E), the latter
being a hot spot of air pollution (P. Pokorna et al, 2015), and a rural site, KoSetice
(49°34°24"N/15°04°49”E). The sampling discriminated between phases (on filter and in
a polyurethane foam plug put downstream of the filter, respectively) and particle sizes
within PM1o (6-stage impactor cutoffs ranging between 0.49 and 7.0 um).

All target analytes were separated, identified and quantified using APGC-MS/MS
(Agilent 7890A GC), equipped with a 60m x 0.25mm x 0.25um DB-5MSUI column
(Agilent, J&W, USA), and coupled to Waters Xevo TQ-S (Waters, UK). The content of
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transition metals (and Pb) was determined after microwave digestion by inductively
coupled plasma mass spectrometry (Agilent 7700x ICP-MS, Japan).

The bioavailability through inhalation of the sampled PM was determined by
analysing the fractions leached in artificial epithelial lung fluids namely artificial
lysosomal fluid (pH 4.5) or a modified Gamble’s solution (pH 7.4, an emulsion which
contains proteins and phospholipids at realistic concentrations).

RESULTS

In winter time, concentration levels are higher by one order of magnitude than
in summer (Table 1). The carcinogenic BaP and DP(al)P levels in winter were high, ~4
and 2.5 ng m-3, respectively. At the urban site, 4-nitrocatechol (4NC, up to 0.19 pg m-3)
dominated NMAHs and 02BAA (up to 0.09 pg m3) OPAHs. OPAHs are found to be
distributed evenly among gas and particulate phases in both winter and summer, while
NPAHs are found to shift from particulate in the winter-time to gas-phase in the
summer-time. The mass size distribution of the aromatic compounds peaked in
submicrometer size fractions (PMz1; Fig. 1).

Table 1: Characteristics of parent, oxygenated and nitrated aromatic substance classes in
atmospheric matrices. (a) Total, gas + particulate, concentrations in air (ng m3; in
brackets mixing ratios in PM1o, ppm), together with other major organic sum parameters
(ng m3) and meteorological data, (b) particulate mass fractions, 6, (in brackets mass
median diameters (um)).

a)
KoSetice winter Kladno winter | Ostrava Ostrava
winter summer
Y16PAH 7.9 (415) 51 (3030) 140 (3600) 63 (1550)
>110PAH 0.51 (44) 5.6 (380) 32 (790) 1.25 (31)
>18sNPAH 0.015 (1.2) 0.064 (3.3) 4.7 (115) 1.05 (26)
>12NMAH n.d. 932 (4940) 1012 (2530) 8.82(220)
PM1o / PM2s 9.1/59 16.9/15.4 39.9 / 34.2 40.2 /30.1
(ng/m?)
T (K) / 5(-2-13)/ 1(-6-10)/ 4.1(-4-15)/ 20(11-29)/
rh (%) 72(35-98) 79(47-95) 80(41-97) 70(35-95)
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b)

Kosetice Kladno winter | Ostrava Ostrava
winter winter summer
Y16PAH 0.48 1.00 0.38 0.16
(0.16) (0.41) (0.29) (0.24)
>110PAH 0.78 (0.089) 0.41 0.42 0.59 (0.064)
(0.82) (0.30)
Y1sNPAH 0.76 (0.087) 0.96 (0.088) 0.87 0.06 (0.079)
(0.14)
Y12NMAH n.d. n.d. (0.17) n.d. (0.31) n.d. (0.14)

a particulate phase only

Particulate PAHs are almost not bioavailable through inhalation. For simulated lung
fluid (SLF), which is a neutral electrolyte with lipids, up to a few % is found. For artificial
lysosomal fluid (ALF), which is an acidic aqueous electrolyte without lipids, the highest
mobilization by ALF is observed for the coarse fraction, PM10-3 (Ostrava, both seasons).
For particulate NPAHs bioavailability <0.05% was found across sites, seasons, particle
size and type of simulated lung fluid. OPAHs are more bioavailable, and varies between
<1% and 70% depending on individual substances.

Fig. 1: Mean (a) £16PAH, £1sNPAH, £110PAH, Fe (ng m-3), (b) NMAH and NOPAH sub-
fractions’ and TMs, and (c) PM and PAH sub-fractions’ mass size distributions (MSDs)
during winter and summer 2016 in Ostrava. The error bars show the standard deviation.
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INTRODUCTION

Black carbon (BC) is recognized to play an important role on adverse public health
and in the Earth’s climate system (Bond et al, 2013). It is the most efficient light-
absorbing aerosol species in the visible spectrum emitted as primary pollutant from a
variety of combustion related sources. Although measurements of Equivalent Black
Carbon (EBC) with multiple wavelength aethalometer have been used to provide
insights regarding the influence of fossil fuel (traffic emissions) and wood smoke in
ambient air (Sandradewi et al., 2008; Vaishya et al 2017), scarce studies have been
reported in Eastern Central Europe using real-time EBC measurements.

This study focuses on the seasonal, diurnal and weekly trends of EBC at a regional
background site in Central Europe during a 5-year measurement. Our aim is to identify
the potential sources of EBC, especially the influence from fossil fuel and biomass
burning.

EXPERIMENTAL SETUP

The EBC in PM1o is monitored from September 2012 to December 2017 at the rural
background NAOK (National Atmospheric Observatory KoSetice, 49°35' N, 15°05' E),
central Czech Republic. Ground based measurements were performed with at 5 min
time resolution using a 7-wavelength aethalometer (AE31, Magee Scientific). The EBC
data have been corrected for loading effect (Virkulla et al, 2007).

Delta-C variable (Delta-C = EBC370 nm - EBC880 nm), a proxy for biomass burning
(Wang et al. 2011) and Angstrém absorption exponent (a-value) were calculated for
source identification (Sandradewi et al., 2008; Vaishya et al 2017).
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RESULTS AND CONCLUSIONS

The wavelength dependence of light absorption by collected aerosols has been
investigated to identify the potential sources of EBC at the rural site. Figure 1 shows a
clear seasonal trend of EBC concentrations with higher values during the colder months
(winter: EBC37onm = 1.53 £1.25 pg/m3, EBCssonm = 1.00 £0.87 ug/m3) and lower values
during warmer months (summer: EBC370nm = 0.45 +0.26 ug/m3, EBCggonm = 0.44 +0.29
ug/m3).

In winter wood burning is the important sources of BC consitent with the higher
Delta-C and a-value measured during this season compare to summer when fossil fuel
combustion is the main source of EBC. This result is also in agreement with preliminary
comparison with Levoglucosan (tracer of wood smoke), which show that there is higher
correlation between Levoglucosan and Delta-C (r = 0.86) and a-value (r = 0.69)
observed in winter.
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Fig.1: Monthly and seasonal variation of EBC, Delta-C and a-value at the NAOK.
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Fig.2: Distribution of mean a-value for 2012-2017.
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The distribution of a-value during the long-term measurement is depicted in Figure
2. The measured a-value (1.1 #0.2) in summer is consistent with reported value for
traffic emissions (Sandradewi et al,, 2008). In winter, increased emissions from wood
burning lead to a higher a-value (1.5 +0.2), see also Figure 1.

Diurnal cycles of EBC (Fig. 3) is more pronounced in winter than in summer with a
morning rush hour peak, afternoon/evening maximum and lower concentrations
observed at noon when the mixing height reaches a peak (i.e. higher dispersion of
pollutants). In winter, the diurnal cycle shows an increasing EBC concentration in the
evening time with a corresponding maximum Delta-C values that could be attributed to
the increased wood burning.

2.5 -

—— Winter_370 nm —— Winter_880 nm

= & = Sumner_370 nm = & = Sumner_&80 nm
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Fig.3: Diurnal cycles of EBC (in pg/m3) during winter and summer.

In winter, lower concentrations of EBC are observed on Sunday compared to the
rest of the week due to reduced emissions from human activity during weekends. During
this season when worsening of atmospheric dilution exists, concentrations still high on
Saturday that could be related to transport and accumulation of pollutants emitted from
the previous working days. EBC370nm > EBCssonm is observed during summer on Friday
afternoons and the weekends which could be connected to the influence of wood smoke
from barbeques.

Furthermore, the influence of fossil fuel and biomass burning will be investigated in
detail by comparing EBC/Delta-C/a-value and other parallel measurements of
atmospheric pollutants (CO/NOx) at NAOK.
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POROVNANI ZDROJU ATMOSFERICKEHO AEROSOLU NA PRIMESTSKE A
VENKOVSKE STANICI
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SUMMARY

This article discusses source apportionment analysis of fine aerosol fraction
measured by C-ToF AMS at two different sites. The result of the analysis is a comparison
of the aerosol sources between suburban and background sites during summer and
winter season.

UvoD

V priibéhu Cervence a srpna 2012 a dale v lednu a inoru 2013 se na mérici stanici v
Praze - Suchdole uskutecnily dvé Sestitydenni intenzivni mérici kampané zamérené na
charakterizaci PM1. Nasledné obdobné meéiici kampané probéhly také na Narodni
atmosférické observatori KoSetice (NAOK) na Vysociné. Prvni kampan probéhla od
ledna do brezna 2014 a druha kampain se konala od cervna do srpna 2014. Lokalita
Praha - Suchdol reprezentuje priméstskou pozadovou stanici, zatimco NAOK je
pozadovou stanici pro Ceskou republiku.

METODY MEREN{

Pomoci Compact Time-of-Flight aerosolového hmotnostniho spektrometru (C-ToF
AMS, Aerodyne) bylo béhem vSech kampani méfeno chemické sloZeni aerosolu a jeho
hmotnostni koncentrace. Mezi dal$i soubéZné provadéna méreni patrilo vzorkovani na
filtry, méreni pocetnich koncentraci pomoci SMPS a koncentraci plynnych tracerti. Data
ziskana z AMS v minutovém rozliSeni byla ociSténa, zprimeérovana na triceti minutové
intervaly a sestavena do matic zobrazujicich hmotnostni koncentraci v pribéhu ¢asu pro
kazdou hmotu (m/z, pomér hmotnosti ku naboji) a odpovidajici matice nejistot. Tyto
matice pak byly analyzovany pomoci softwaru SoFi (Canonaco et al., 2013), ktery
vyuziva statistickou metodu multi-linear engine (ME-2) (Paatero, 1999) zaloZenou na
principu positive matrix factorization (PMF). Vyhodou tohoto ptistupu je, Ze uZivatel
miiZe omezit oblast feSeni, na zakladé ¢astecné znalosti profilu jednoho, nebo vice
zdrojli aerosolu a tim zrychlit a zpFesnit vysledek analyzy.

VYSLEDKY, DISKUSE, ZAVERY

Béhem letniho méreni v Suchdolu model identifikoval pét rtiznych zdrojt aerosolu.
Jedinym identifikovanym primarnim zdrojem byl aerosol pochazejici z dopravy
(hydrocarbon-like aerosol, HOA). Mezi sekundarni zdroje patril ¢astecné oxidovany
aerosol (semi-volatile aerosol, SVOA), ktery se vyznacuje tepelnou nestabilitou a
zejména v letnich mésicich ma vyrazny denni trend. DalSim zdrojem sekundarniho
aerosolu byl vysoce oxidovany aerosol (low-volatile aerosol, LVOA), ktery vykazuje
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vysokou stabilitu a za priznivych podminek miiZe setrvavat v atmosfére dlouhou dobu.
Zbyvajici dva identifikované zdroje se sestavaly prevazné z anorganickych aerosolil a
byly oznaceny jako SO4 + NH4 faktor a NO3 + NH4 faktor, kde druhy zminény ma velmi
vyrazny denni chod se zvySenymi koncentracemi v no¢nich hodinach.

Béhem zimni kampané v Suchdolu bylo také identifikovano pét zdrojt aerosolu. Ve
vysledném reSeni se vSak objevilo nékolik odliSnosti od letni situace. Mezi primarnimi
zdroji se nové vyskytl faktor spalovani biomasy (biomass burning aerosol, BBOA)
pochazejici z lokalnich topeniSt. Pravdépodobné diky nizkym dennim teplotdm nebyl
model schopen rozliSit SVOA faktor. Ackoliv podminky na NAOK byly znac¢né odliSné,
protoZe stanice neni bezprostfedné ovlivnéna Zadnym vétSim sidlem ani
frekventovanou dopravou, byly modelem identifikovany obdobné zdroje. V letni sez6né
model identifikoval jeden primarni zdroj BBOA s relativné nizkymi ptispévky. Dale dva
sekundarni zdroje SVOA a LVOA s vyraznymi dennimi trendy a opét dva pirevaziné
anorganické faktory SO4 + NH4 a NO3 + NH4. V zimnim obdobi se opét objevil druhy
primarni zdroj HOA, ktery je vSak pravdépodobné tvoien zejména spalovanim uhli.
Faktor SVOA nebyl opét rozpoznan.
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Obr. 1 Korelace primarnich faktortt HOA a BBOA mezi méficimi stanicemi NAOK a
Suchdol béhem zimnich kampani.
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INTRODUCTION

Studies of isotope ratios in atmospheric aerosols is relativelly new approach which
can provide unique information on source emissions together with physical and
chemical processes in the atmosphere (e.g. Kawamura et al.,, 2004). Here, we present
seasonal variations in 815N of total nitrogen (TN) in the PM1 fraction of atmospheric
aerosols at a rural background site in Central Europe.

EXPERIMENTAL SETUP

Fine aerosol was sampled for 24 h every second day from September 27, 2013 to
August 9, 2014 on pre-baked quartz fibre filters at the KoSetice rural background site
(N49°35, E15°05, 534 m a.s.l..; part of the EMEP, ACTRIS, and GAW networks) in Central
Europe (e.g. Schwarz et al,, 2016). With some sampling gaps, we collected 146 samples,
which were subsequently analyzed by EA-IRMS (elemental analysis - isotope ratio mass
spectrometry) for stable nitrogen isotope ratios (61°N) in total nitrogen (TN).

Nitrogen in collected aerosol was also analyzed for water-soluble ions (NO3-, NH4*)
and content of organic nitrogen (OrgN) was calculated from following equation: OrgN =
TN - 14*[NO3-/62 + NH4*/18]

Beside this, for data analysis were also used meteorological data and concentrations
of gaseous pollutants measured by Czech meteorological institute on-line on site.

RESULTS AND CONCLUSIONS

Seasonal averages of 61°N for aerosol TN are depicted in Fig. 1 (left) and showed the
maximum enrichment of >N in summer and the lowest in winer. Similar seasonal patern
has been observed also in other studies (e.g., Kundu et al, 2010), however, a large
variation of §1°N at the KoSetice site in comparison with other works suggesting bigger
diversity of aerosol sources on site, especially in winter and summer.

A comparison of §1°N with NOs-, NH4* and OrgN revealed that although a higher
content of NO3- was associated with a decrease in 615N values in TN, NH4* and OrgN had
the opposite influences. The highest concentrations of nitrate, mainly represented by
NH4NOs, originated from the emissions from biomass burning, leading to lower §1°N
values of approximately 14%o in winter. During spring, the percentage of NO3- in PM1
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decreased, and 1°N enrichment was probably driven by equilibrium exchange between
the gas and aerosol phases (NH3(g) < NHa4*(p)) as supported by the increased ambient
temperature (Fig. 2).

The majority the yearly data showed a strong correlation between §1°N and ambient
temperature (Figure 2), supporting an enrichment of 15N via isotopic equilibrium
exchange between the gas and particulate phases. This process seemed to be one of the
main mechanisms for 1°N enrichment at the KoSetice site, especially during spring. The
most 1°N-enriched summer and most >N-depleted winter samples were limited by the
partitioning of nitrate in aerosols (see size of circles inn Fig. 2) and suppressed
equilibrium exchange between gaseous NH3z and aerosol NH4*. And thus, we observe a
seasonal cycle of enrichment and depletion of 15N in aerosol particles.

During winter, we observed an event with the lowest §1°N values which deviate
from temperature dependence in Figure 2. The winter Event was connected with
prevailing southeast winds and the lowest §1°N values were probably associated with
agriculture emissions of NH3 under low temperature conditions that were below 0°C.

Details will be discussed in presentations and curently were also submitted to
review (Vodicka et al., 2018).

—

25 — +

+

+ |
20 —
5 i
mz15_ ! |
‘_I»O +

10

S~ EVENT

0_

IAu’[umnI Winter | Spring ]Summerl

Fig. 1: Seasonal trend of 615N in TN. The boxes indicate the 25th percentile (lower edge),
median (red line), and 75th percentile (upper edge). The whiskers represent the 10th
and 90th percentiles and crosses are outliers.

51



The higher circle o, L
the higher % NO3-N/TN

25+

--- y=064*x + 12.46 ; r = 0.82

| ' I ' | -
0 100 200 300
Total radiation [W/m?]

I I I I

-10 -5 0 5 10 15 20 25
Temperature [°C]

Fig. 2: Relationships between temperature and §15N in TN (right). The color scale
reflects the total radiation, and the larger circles indicate higher content of NO3- in TN.
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INTRODUCTION

Mineral dust aerosol in the climate system has received considerable scientific
attention mainly due to its direct effect on the radiative budget and indirect one on cloud
microphysical properties. Mineral dust aerosol particles also play an important role in
biogeochemical cycles by providing important and limiting nutrients to Ocean surfaces.
Besides these, dust particle surfaces play a key part with respect to gas phase chemistry
e.g. ozone depletion (Nicolas et al.,, 2009). They form the single largest component of
global atmospheric aerosol mass budget, contributing about one third of the total
natural aerosol mass annually. Because of their proximity to the African continent, the
Canary Islands are influenced by dust particles transported from Sahara and Sahel
regions. Therefore, Tenerife is one of the best locations to study dust deposition.

Deposition measurement data of mineral dust are useful to validate numerical
simulation models and to improve our understanding of deposition processes. However,
the scarcity and the limited representatively of the deposition measurement data pose a
major challenge to assess dust deposition at regional and global scales (WMO, 2011).
Consequently, data from observations are most important to support the modelling of
deposition fluxes of mineral dust particles. Deposition or other passive measurement
techniques are used to sample mineral dust from the atmosphere. However, there exists
a multitude of different collection instruments with different, usually not well-
characterized sampling efficiencies, so the resulting data might be considerably biased
with respect to their size representatively.

The purpose of this study is to assess the particle collection representativeness, test
models relating atmospheric concentration and deposition flux, based on single particle
measurements, proving average diameter, composition, and estimated density.
Moreover, to our knowledge this is the first study to describe the deposition of mineral
dust aerosol (particularly for size fraction between 10 and 60um) by means of a single-
particle SEM-EDX Analysis approach.
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METHODS

For this study, we conducted a continuous two months (from July to August 2017)
aerosol collection and dry deposition sampling at Izana Global Atmospheric Watch
observatory located in Tenerife Island (28.3092N, 16.5002W). Sampling was performed
on top of a measurement installation, approximately 2m above the ground. Aerosol
concentrations and wind speeds varied widely during the sampling time, allowing for an
accordingly wide value range of deposition velocities/sampling efficiency estimates.

An ultra-sonic anemometer (Gill Instruments Limited, Lymington, Hampshire, UK)
was installed to obtain the 3-D wind velocity and direction and was operated with a time
resolution of 10 Hz. Air-mass back trajectories computed using the HYSPLIT model were
used to identify the dust source regions.

Individual particle analysis by automated scanning electron microscopy (SEM)
coupled with energy-dispersive X-ray (EDX) was used to characterize samples collected
from different, commonly used samplers, namely Big Spring Number Eight (BSNE),
Modified Wilson and Cooke (MWAC), a Hellmann type, a simply bucket type and
different flat-plate geometries (UNC-derived) with respect to their size-resolved mass
deposition and horizontal flux. The samples were collected on pure carbon adhesive
substrate (Spectro Tabs, Plano GmbH, Wetzlar, Germany) mounted on standard SEM
aluminum stubs (12 and 25mm) inside the different passive samplers.

In addition, computational fluid dynamics modeling was used in parallel to achieve
deposition velocities from a theoretical point of view.

RESULTS AND CONCLUSIONS

Over 150,000 particles from 90 samples were analyzed. Only the first part of the
result is reported here. The minimum and maximum horizontal flux is approximately 15
and 4300mg/m2day respectively. Comparatively, the deposition flux is lower and its the
minimum and maximum value is approximately 7 and 240mg/mZ2day respectively. The
result shows the deposition flux is less than horizontal flux. This is in a good agreement
to previous findings, where vertical flux is much smaller than the horizontal flux
(Goossens, 2007). The difference is not surprising as only a fraction of the advected dust
deposits on to a collection surface from the flow. The result also reveals that there is a
considerable difference in dust mass deposition flux measurements among different
deposition samplers. Compared to BSNE, MWAC sampler obtains considerably higher
horizontal flux in particular, it shows higher at coarser particle sizes (see figure 1). For
all samplers, flux size distributions peaked between 16 and 32um in diameter, which
agrees with previous data. Mendez et al. (2016) already suggested that particle size
afftects the efficiency of samplers for trapping PM10. This result also provides a further
evidence that particle size could be one of the factors affecting the collection efficiency of
samplers.
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Comparision of deposition flux measurement among different samplers(09.08.17)

——sigma-2 | |

——BSNE |
Flat plate

—— MWAC

d)

10'

dm/dlogdp,mg/(m?

101 . I .
10° 10 102

dp,um

Fig.1: Size resolved dust deposition flux measured by different passive
samplers.

Not surprisingly, the study also clearly demonstrates that there is high temporal
variation in deposition flux between dust event days and non dust event days (greater
than an order of magnetiude of 3) (see figure 2). The result also shows that the temporal
variation in dust deposition (e.g. dust event days and non dust event days) is higher
than difference between samplers.
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Fig.2: Size resolved dust horizontal and deposition flux measurement during dust event
and non-dust event days

From the chemical and mineralogical analysis point of view, the mineral dust
aerosol particles showed a great diversity in composition. Unsurprisingly silicates have
highest relative abundance while quartz particles also contribute to the composition in
significant amount. The higher abundance of quartz towards larger particle sizes could
be indicating its resistance towards mechanical breakdown. The composition of silicate
and the quartz particles increase with the particle size across the size distribution. Small
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amount of Fe-rich particles is also distinguished particularly for particles less than 10pm
in size which aggres well with the previous studies (Kandler et al.,, 2007). Consquently,
this analysis clearly shows that there is strong dependence of the chemical composition
on the particle size. The temporal variation of the major compounds is considerable. For
example, in the case of silicates, quartz, and Fe, the variation is more than an order of
magnitude. Moreover, the analysis also cleraly indicates that the composition of aerosol
remains largely unaffected by the sampler type. As expected, the airmass back trajectory
analysis shows that mineral dust aerosol particles are originating from Northern Africa.
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SUMMARY

The objective of this study was to determine air pollution origin in Prague based
on the chemical composition of 24h atmospheric aerosol (AA) samples collected in
parallel for one-year at two suburban sites. Chemical analysis of PM2s and PM1o for
elements by ICP-MS, for elemental and organic carbon by thermo-optical method and
water-soluble inorganic ions by IC was performed. The AA in Prague air shed was well
mixed and nine common PM1o sources of local, urban, regional and long range transport
(LRT) origin were apportioned.

0voD

ZlepSeni kvality ovzdusi ve méstech je mozné za predpokladu pochopeni zakladnich
mechanismii predevsim pokud se jedna o AA a jeho koncentrace, zdroje a piivod (Viana
et al., 2008). Cilem prace bylo urcit plivod znecisténi ovzdusi v Praze na zakladé ro¢niho
paralelniho méfeni AA na dvou méstskych pozad’ovych stanicich.

METODY MEREN{

Odbér 24 hodinovych vzorkGi PM2s a PMio probihal na méstskych pozadovych
stanicich Libu$ a Suchdol od dubna 2008 do brezna 2009. Vzorky byly analyzovany na
prvkové sloZeni (ICP-MS), organicky a elementarni uhlik (teplotné-opticka metoda) a
sloZeni ve vodé rozpustnych iontt(IC).

Za ucelem vysSetreni rozptylovych podminek byl pocitan ventilacni index umoznujici
postihnout dynamiku znecistujicich latek v ovzdusi.

K ziskani chemickych profili zdroji a jejich prispévku k PM1o byl pouzit model
Positive Matrix Factorization (EPA PMF 5.0). K naslednému zpracovani vystupl z
modelu byl pouZit program R Openair Package.
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VYSLEDKY A DISKUSE

Rocni prlimérné koncentrace PM2s a PM1o v Libusi (19.7£13.0 a 26.7£15.1 ugm-3) byly
ve schodé s koncentracemi v Suchdole (18.6+£22.1 a 27.1+23.2 ugm-3). Vzhledem k tomu,
Ze slozky tvorici vétSinu hmoty atmosférického aerosolu silné korelovaly (r2 >80),
variabilita koncentraci PM2s a PM1o byla ddna predevSim mistnimi meteorologickymi
podminkami nebo transportem znecisténi.

Bylo identifikovano devét zdroji PMio, které byly nasledné na zakladé tzv. polar
plots a vetila¢niho indexu rozdéleny do ctyi kategorii dle ptivodu. Suchdol byl vice
ovlivnén znecisténim z dopravy pochazejici z mésta, zatimco v Libusi se jednalo o lokalni
dopravni znecisténi. Na obou lokalitdch bylo zjevné zneciSténi sekundarnimi sirany a
dusi¢nany regiondlniho plivodu spolu svlivem dalkového transportu moiského
areosolu. Prispévek mistnich zdrojt z dopravy byl ziejmy predevsim v Libusi. Nicméné,
vliv regiondlniho a méstského znecisténi na kvalitu ovzdusi byl vyznamny na na obou
pozad'ovych stanicich.

5% 4% 1%

23%
9% .
11% »
20%

15%

= Sekundarni sirany (LRT) + Spalovani biomasy = Sekundarni sirany

Doprava Sekundarni dusicnany
= Silnicni prach = Mofi'sky aerosol (LRT)
= Domdci vytdpéni = Primysl

= Posypovd sUl + Mofsky aerosol (LRT)
Obr. 1: Podil zdroji na PM1o odebrané v Praze v letech 2008 a 2009.
ZAVERY
Atmosféricky aerosol byl velmi dobie promichan v rdmci celého izemi Prahy a bylo
identifikovano devét spole¢nych zdroji PMio lokalniho, méstského a regionalniho
ptivodu vcetné dalkového transportu morského aerosolu.
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INTRODUCTION

Air pollution is a human health hazard, contributing to morbidity and mortality, not
only close to strong anthropogenic emissions, but also at pollution levels typical for the
rural environment in central Europe. The carriers of toxicities are only partly known,
and the levels and variabilities of even the identified relevant pollutants in ambient air
are understudied. Although the air quality in the Czech Republic has improved greatly
during past decades, air pollution remains to be a hot environmental issue in some
regions such as Ostrava agglomeration. Especially in winter when emissions from
transportation and industry are boosted by emissions from local heating and
transborder sources from Poland!. These emissions contribute to the low air quality
which directly affects human health. Long-term exposure to air pollutants can result in
higher incidence of pulmonary and cardiovascular diseases or cancer. Moreover, it has
been shown that compounds occurring in the ambient air can pose a hazard to disrupt
our hormone/immune/reproductive system. It is thus very important to assess the
bioactivity of air pollution.

Since the air pollutants occur in complex mixtures, it is appropriate to use an effect-
based monitoring including a battery of in vitro bioassays which cover various
interactions among mixture constituents. Bioassays represent an efficient approach for
toxicological profiling and identification of pollutant modes of action. Together with
chemicals analyses, they enable to identify main toxicity drivers.

This research aims at various toxic potentials and endocrine disruptive mechanisms
associated with air pollutant mixtures (see Table 2) and their distribution with respect
to I) gas/PM partitioning II) PM size and III) pollutant polarity.

EXPERIMENTAL SETUP

Two sites were selected for air sampling, Ostrava and KoSetice. Ostrava represents
an urban site heavily polluted by industries, transportation and coal-based domestic
heating, while KoSetice serves as a regional background. Samples were collected during
12 days in winter (February 2016) and summer (September 2016). To assess the
specific distribution of toxic potentials, gas phase, coarse particulate phase, and six PM10
size sub-fractions were sampled. Moreover, samples were also fractionated according to
polarity (details on samples processing can be found in Table 1).
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Human cells-based in vitro bioassays were employed to study the toxic potentials of
air sample extracts. The toxicological analysis focused on endocrine-disruptive
potentials (anti-/estrogenicity, anti-/androgenicity and thyroid hormone-like activity),
AhR-mediated response related to induction of detoxification mechanisms, and
cytotoxicity to the human respiratory tract model (Table 2).

Table 1: Air sample processing scheme.

Polarity-based fractionation?

NF F1 F2 F3

non fractionated non polar semipolar polar

PM mass size distribution

A B C D E F

7.2-10 pm 3-72pum 1.5-3pm 095-15um 0.49-095pum <0.49 um

Table 2: List of employed bioassays.

Endpoint Description Bioassay Ref. compound
ER Anti-/estrogenicity HeLa99033 Estradiol /Fulvestrant
AR Anti-/androgenicity MDA-kb2# DHT /Flutamide

AhR Dioxin-like activity AZ-AHR5 TCDD
TR Thyroid hormone-like activity PZ-TR® T3
Viability Cytotoxicity BEAS-2B7 -

RESULTS AND CONCLUSIONS

The results show that air pollutants possess endocrine disruptive potentials and
significant cytotoxicity. Studied effects were associated mainly with the particulate
phase. The most significant effects were attributed to the easily inhalable fine and
ultrafine particles. This distribution pattern was found for example for AhR-mediated
toxicity (Fig. 1A), androgenicity (Fig. 1C) and estrogenicity (Fig. 1E). The studied toxic
potentials were elicited mainly by chemicals in the polar fraction containing relatively
high levels of oxy-PAHs. Additionally, significant seasonal variation was observed.

To conclude, this study confirms that air pollutants could affect the health of the
exposed population via different mechanisms and highlights the complexity of pollutant
mixtures. For further understanding, the results will be discussed together with the
results of the chemical analysis which focused on PAHs and their derivatives, nitro- and
oxy-PAHs.
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Figure 1: Toxicological profiling of air samples extracts. Graphs A - E show specific toxic
potentials assessed in vitro using reporter-gene bioassays (A = dioxin-like activity, B =
thyroid receptor-mediated activity, C = androgenicity, D = anti-androgenicity, E =
estrogenicity). Graphs F - H show cytotoxicity for lung cells BEAS-2B measured by 3
reagents (F = Calcein-AM, G = Alamar Blue, H = neutral red). Results from reporter-gene
assays are expressed as equivalent of corresponding reference compound (see Table 2),
cytotoxicity is expressed as an index of cytotoxicity (1/IC20). All graphs show the
distribution of toxic potentials between gas and particulate phases and also the
distribution according to pollutant polarity (see Table 1). All graphs cover seasonal
variability (winter vs. summer) in Ostrava sampling site compared to KoSetice
background site in winter. All graphs show mean+SD.
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INTRODUCTION

Atmospheric aerosols are a small but very important part of the Earth’s atmosphere.
The proportion of inorganic and organic compounds in aerosol particles seems to be
equal on average (Saxena, 1996; Schwarz, 2016). While the inorganic composition of
aerosols is well explored, knowledge about the organic part is still very limited. It is well
known that the major part of organic aerosol compounds (Saxena, 1996) is represented
by polar, water-soluble organic compounds (WSOC). So far GC-MS is the most frequently
used method for WSOC analysis. GC-MS is a very sensitive technique; furthermore, it
exploits huge spectra libraries accumulated over decades. Therefore, its role in the
determination of aerosol composition is indisputable. Primarily owing to GC-MS, about
150 organic compounds have been identified in aerosol particles. NMR spectroscopy for
the purpose of aerosol chemistry was “discovered only recently (Decesari, 2000) as it is
rather insensitive method. Nevertheless, NMR has undergone rapid development and
sensitivity gain of late. Moreover, it is fully quantitative method and no sample
derivatization is needed. So far, the use of NMR spectroscopy has been limited to so
called Functional group analysis (Chalbot, 2014). In this analysis the whole NMR
spectrum is divided into parts and subsequently integrated according to functional
groups.

EXPERIMENTAL SETUP

Internal reference

(DSS)
water \s'/ SO:H D,0
I 3 2
15mL NSNS 0.6mL
T H . I
PU foam extraction lyophilization
Quartz filter (2.5h) (6 h)
atmos. aerosol i NMR
extract lyophilizate
aerosol sample sample
HVimpactor (1-2mg) PVDF (WSOC~ 0.5mg)
(24 h) filter

Fig. 1: Scheme of a NMR sample preparation
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The optimized procedure for an aerosol sample preparation starts with aerosol
filter extraction into deionized water. The extract is lyophilized and the lyophilizate is
dissolved in proper amount of deuterated water containing internal standard and the
sample is transferred into NMR tube. The 1H NMR spectrum is usually obtained in the
overnight measurement.

Aerosol samples usually come from a high-volume cascade impactor, that collects
appropriate amount of aerosol matter for NMR analysis within reasonable time period
(24 - 48 hours). The samples from high-volume cascade impactor are divided according
to their particle size. Aerosol source samples (from diesel combustion engines and from
biomass burning) come from various institutions.

RESULTS AND CONCLUSIONS

Here we propose to employ the metabolomic approach for the complex evaluation
of aerosol composition. In NMR aerosolomics the assignment of dominant signals is
based on precise chemical shift of the compound which enables identification of organic
compounds in given aerosol sample and the original aerosol source. For this purpose, a
comprehensive library of high—res 'H NMR spectra of organic compounds that are
known to be present in aerosol particles is essential. Originally, NMR aerosolomics was
exploiting the original metabolomic library. The database of the ChenomX NMR Suite
program® contains about 70 compounds that have also been found in aerosol samples
according to the literature. We were able to identify more than 30 compounds in every
analyzed sample. Up to now, 50 new compounds attributed to aerosol have been added
to the database; the largest gap was in aromatic carboxylic acids (12), compounds
containing sulphur (11) and amines (8). Subsequently, the score of identified
compounds in real spectra jumped to over 50. Additionally, about 30 new organic
compounds (mainly hydroxy carboxylic acids) were found in aerosol samples. These
compounds were present in the original ChenomX library and had not been found in
aerosol samples so far. The obtained results clearly show that NMR metabolomics is
very powerful methods and can be implemented also in the analysis of organic
compounds contained in aerosols.
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INTRODUCTION

The hygroscopicity represents the ability of the particle to uptake water from the
surrounding air. It depends mainly on the size and the phase state, and therefore
influences several physicochemical properties of the particles including optical
properties, CCN activity, atmospheric lifetime, chemical reactivity, especially with
respect to the heterogeneous chemical reactivity and, respiratory tract deposition
(Swietlicki et al., 2008; Varutbangkul et al.,, 2006). Atmospheric aerosol particles are
typically complex mixtures of organic and inorganic species. In many regions, organic
aerosol dominates the ambient aerosol mass (Kanakidou et al, 2005). It is well
established that high-molecular-weight organic compounds like oligomer with
molecular masses ranging from 200 to 1600 g mol-l, represent an important fraction in
atmospheric aerosols (Hodas et al.,, 2016; Kanakidou et al., 2005), but their interactions
with other inorganic/organic, and atmospheric water vapor are not well understood.
Moreover, single particle measurements suggest that organic and inorganic constituents
are internally mixed in particulate matter (Murphy et al.,, 2006). Therefore, non-ideal
interactions between the organic and inorganic aerosol fractions affect water uptake
and solubility and, may induce liquid-liquid phase separation (LLPS) into an organic-rich
and an aqueous electrolyte phase (Zuend et al., 2011).

Here, the hygroscopic behavior of submicron particles composed of ammonium
sulfate (AS), dicarboxylic acids (including oxalic acid (OA), malonic acid (MA)), and
oligomer Poly(ethylene glycol) (PEG-300 (-CH20CH2-)n) is investigated with a
Hygroscopicity Tandem Differential Mobility Analyzer (HTDMA), under relative
humidity (RH) below 100%. The aerosol systems were varied in their complexity and
ranged from single-component to more complex systems (2, 3 and 4 components). The
experimental data are compared with predictions from Zdanovskii-Stokes-Robinson
(ZSR) mixing rule (Stokes and Robinson, 1966) and the thermodynamic model “Aerosol
Inorganic-Organic Mixtures Functional groups Activity Coefficients “(AIOMFAC) (Zuend
etal, 2011).

EXPERIMENTAL SETUP

The schematic of the HTDMA system is shown in Fig. 1. The HTDMA setup consists
in the aerosol’s generation and drying section, humidity control section and the particle
size selection and detection system. The wet polydisperse sub-micrometer particles
were generated using a constant outpout atomizer from aqueous solution prepared from
reagent-plus grade chemicals. The solution was prepared with deionized water (18
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M(Q.cm). Liquid water in the particles is removed by passing them through a diffusion
drier to obtain internally mixed dry particles RH<5%. After being charged by the
neutralizer, the dry polydisperse aerosol particles were transformed into quasi-
monodisperse particles with a mobility diameter of 100 nm by the first differential
mobility analyzer (DMA1). The size-selected particles were exposed to a given RH (10-
90%) in the humidified section using Nafion conditioner tubes. Size distribution for the
wet particles was measured using the second differential mobility analyzer (DMA2) and
a condensation particle counter (CPC, TSI, 3022A). The ratio of sheath air to aerosol flow
rate was maintained at 12:1 for both DMAs. For dehydration cycles, the nearly
monodispersed particles selected by DMA1 firstly pass through a nafion membrane
humidifier (Saturator) at 30°C, in which the particles are exposed to high-RH conditions
~98% to be sure that all particles are completely in liquid state. The RH at the inlet of
DMAZ2 is measured for both aerosol sample flow and sheath flow using ROTRONIC
HydroClip humidity sensors. The total residence time in the HTDMA is approximately
25s. The raw data obtained by the HTDMA were inverted using an automatic off-line
algorithm TDMAinv developed by Gysel et al. (2009). Particle hygroscopicity can be
expressed by the particle growth factor (GF) from the mobility diameters Dwet(RH,
DMAZ) and Ddry (<5%, DMA1) as follows:

oF = D,..(RH,DMA2)
Dy, (RH < 5%, DMA1)
Aerosol generation + Drying section Size selection + Detection system
Compressed dry air
7 R C emmmmmm TR e
25% N/ Humidity °
| Aerosol IN I Monodisperse I control section
! | particles (OUT)

l : (100 nm) t
RS 1
E‘\_ o

| I £ e
'g | DMA1 ” g- DMA2 [:3 Humidification
o
3 | (Dry) T (Wet) RHIT
é L , (R iy 8
5 T | Dry Pc_blydlsperse T
T | particles (IN) 1
°© | {— &) S ® I Daryresr  Dwer,
b I A > ™ || RH=10-92% Q
b \ Neutralizer /\ t=30s-1min . D, (RH)(DMA2)
\\ (Kre) RH< 5%, Dyry // \\ ~ Dy, (RH < 5%)(DMA1)

—————— e e — =

Fig. 1: Schematics of HTDMA.

RESULTS AND CONCLUSIONS

Fig.2 shows the hygroscopic behavior of pure component used on this study. The
hygroscopic growths curve of AS typically exhibits the characteristic of crystalline solids
with deliquescence relative humidity (DRH) and efflorescence relative humidity (ERH)
at ~80% and ~37% during the hydration and dehydration cycles, respectively, in good
agreement with the previous studies and thermodynamic model predictions (Choi and
Chan, 2002). However, OA particles showed a non hygroscopic behavior. This suggested
that OA particles generated during the drying process correspond to dehydrate
crystalline stat (Mikhailov et al.,, 2009). In the other hand, MA and PEG-300 particles
showed continuous water uptake without sharp phase transition in good agreement
with the previous studies and thermodynamic models (Jing et al,, 2016).
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Fig. 2: Hygroscopic growth factors of (a) AS, (b) oxalic acid, (c¢) malonic acid, and (d)
PEG-300 particles (100 nm) as a function of water activity.

As seen in Fig. 3, the mixed particles PEG-OA and PEG-MA showed slow and gradual
continuous water-uptake behavior under hydration and dehydration cycles. The
disagreement between the hygroscopic growth curves and AIOMFAC calculations may
indicate a partial crystallization of organic acids probably present in solid-liquid
equimibrium with PEG-OA and PEG-Ma aqueous solution. Note that all organic
compounds are assumed to be in liquid-like state all for AIOMFAC predictions. The
presence of solid organic acids in the mixture is supported by the comparison
measurements-ZSR predictions (see Fig. 3a). In Fig. 3a, the measured GFs are between
the values determined from ZSR on the basis of liquid and solid OA. For mixed
PEG/organic acid/AS particles (See Fig. 4), in general, under hydration cycles, all the
mixed particle systems showed small but gradual water uptake before the full
deliquescence, followed by a deep increase in the diameter of the particles around the
deliquescence point of AS (~80%). However, more gradual and continuous water uptake
was observed prior to the full deliquescence compared to PEG/OA/AS and PEG/MA/AS,
since organics may suppress the crystallization of OA and MA in the system and enhance
the dissolution of AS (Mikailov et al., 2009; Jing et al., 2016).
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Fig. 3: shows the measured and AIOMFAC and ZSR predicted hygroscopic growth
factors: (a) PEG-0A, (b) PEG-MA, with different dry mass ratios of 1:1.

Upon dehydration, all the mixed systems release water gradually without clear
efflorescence phase transitions. The disagreement experimental results-AIOMFAC
predictions suggest: (i) the presence of organic solids, probably the partial
crystallization of organic acids, (ii) and/or that the equilibrium growth was not achieved
in the 25s residence time in the HTDMA humidify section, may be caused by the
presence of viscosity enhancing aerosol components such the PEG-300, which may affect
the kinetic of water transport with the particles (Wang et al., 2017). The comparison
between measurements ZSR supports the presence of organic acids in the mixed
systems (see Fig. 4a and 4c). This strongly suggests the partial crystallization of organic
acids in the mixed particles. In addition, the agreement between experimental results-
AIOMFAC under dehydration, and with AIOMFAC and ZSR (based on liquid OA) above
the full deliquescence, confirms that all the particles are in thermodynamic equilibrium
on the timescale of 25s. AIOMFAC predicts a LLPS at RHs of 89.52, 82.50 and 87.57 for
PEG/OA/AS, PEG/MA/AS and PEG/OA/MA/AS. After the full deliquescence, the particles
are expected to separate into two phases, an electrolyte-rich phase a composed mainly
of ammonium sulfate, OA and/or MA as a core, coated by an organic-rich phase 8
composed mainly of PEG300. The two phases are supposed to merge to one phase at the
RH of the LLPS.

In this study we have studied the hygroscopic behaviors of different mixtures of
particles containing AS, PEG, OA and MA. We have shown that the hygroscopic behavior
of the different mixtures is well described by AIOMFAC and ZSR models as long as all
components are completely liquid. However, we observed even more discrepancies
compared to what is expected from models where a solid component is present.

69



] - AIOMFAC_hydration (a) ] = AIOMFAC_hydration (b)a 1 - AIOMFAG_hydration (C
18 1 —AIOMFAG_dehydration |1 —AIOMFAC_dehydration 1.8 ] —AIOMFAC_dehydration
-0 1 --ZSR, Solid OA, GF(OA)=1 1.6 a 7 4 = ZSR, Solid OA, GF(OA)=1
1 —ZSR, Liquid OA 5 | TBR R 1 —ZSR, Liquid OA
1.6 ] » Hydration_data 3 | 2 Hydration_data 1.6 1 & Hydration_data
LL ] s Dehydration_data J 1.4 b s Dehydration_data 1 » Dehydration_data
1] mm b0 ! 1 1w H0
1.4 | == rEG300-ns 4. 1 e o 1.4 -| mmmm PEG-300-ns
" | =M PEG-300-n6 s i . __ CEC.a00mE “7 | M PEG-300-n8

Oxalic_acid 7 F) . . Oxalic_acid
- & Mal d 4 =
a7 1.2 aonie_act g 7| M Walonic_acid
J IR

1 50,
a

1 o nHC

Mass fraction

Water activity

Fig. 4: shows the measured and AIOMFAC and ZSR predicted hygroscopic growth
factors: (a) PEG-OA-AS, (b) PEG-MA-AS, (c): PEG-OA MA-AS with different dry mass
ratios of 1:1:1, 1:1:1, and 1:1:1:1, respectively. Panels below illustrate RH-dependent
hygroscopic growth curves showing AIOMFAC predictions of the number of phases and
corresponding composition at thermodynamic equilibrium during dehydration cycles.
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SUMARRY

Dicarboxylic acids (DCAs) are important components of water soluble aerosol
compounds. Aerosol particles are quantitatively collected using a continuous aerosol
sampler, CGU-ACT]JU, into deionized water. The ACTJU effluent is permanently sucked
out from the sampler and on-line analysed for DCAs content by means of ion
chromatography.

0voD

Dikarboxylové Kkyseliny (DCAs) jsou dtlezitou soucasti ve vodé rozpustnych
aerosolovych sloucenin. Vzhledem kvysoké rozpustnosti ve vodé jsou schopny
modifikovat hygroskopické vlastnosti atmosférickych aerosoldi, véetné velikosti ¢astic a
aktivity CCN (Grosjean et al., 1978).

V soucasné dobé je ke stanoveni chemického sloZeni aerosolii vyuZivan predevsim
zachyt aerosoll na filtr a nasledna off-line analyza. Nevyhodou tohoto postupuje ovSem
pomérné dlouhd doba vzorkovani a stim souvisejici integralni informace v dlouhém
casovém useku. Tyto nedostatky reSi pouziti alternativniho zptisobu vzorkovani
vyuzivajici kontinualni zachyt aerosolti do vody s naslednou on-line analyzou ve vodé
rozpustné aerosolové frakce.

Prezentovany prispévek popisuje analytickou metodu pro on-line stanoveni
dikarboxylovych  kyselin v atmosférickém aerosolu, pouZitim kontinualniho
aerosolového vzorkovace CGU-ACT]JU.

METODY MEREN{

Méstsky aerosol (PM2.5) byl kontinualné vzorkovan do vody ve vzorkovaci CGU-
ACTJU, dikarboxylové kyseliny byly stanoveny v ACTJU effluentu pomoci iontové
chromatografie. Vzorkovani probihalo ve dnech 12.-21. Cervence 2017 na balkdénu
Ustavu analytické chemie AVCR v Brné. Venkovni vzduch (priitok 10 LMP) byl nejprve
nasavan pres cyklon odstranujici ¢astice vétSi nez 2,5 pm (URG) a nasledné pres
anularni difuzni denuder pro odstranéni plynnych sloZek do kontinualniho vzorkovace
CGU-ACTJU (MikuSka a kol, 2017). Vystup koncentratu ze vzorkovace byl pripojen
k pistové pumpé (AXP, Dionex, USA) se dvéma paralelné pripojenymi prekoncentra¢nimi
kolonami (2 x 50 mm, Dionex lonPac™ AC15, Thermo Scientific, USA) ptres 10-cestny
davkovaci ventil a nasledné k iontovému chromatografu (ICS-2100, Dionex, USA) se
separacni kolonou (2 x 250 mm, Dionex lonPac™ AS11-HC, Thermo Scientific, USA) a
piredkolonou (2 x 50 mm, Dionex IonPac™ AG11-HC, Thermo Scientific, USA). Vzorky
ACTJU effluentu byly odebirany v hodinovych intervalech na prekoncentracni kolonu,
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pricemZ ve stejném Case probihala eluce z druhé prekoncentra¢ni kolony s naslednou
separaci a analyzou aniontli na iontovém chromatografu. Paralelné byly PM2.5 aerosoly
vzorkovany v 24-hodinovém intervalu na filtry (47 mm, porozita 1 pm, Zefluor) pro
porovnani ucinnosti metody. Dale byly méreny meteorologické tidaje o teploté a vlhkosti
vzduchu a globalni zateni.

VYSLEDKY A DISKUSE

Kontinualni vzorkoval¢ CGU-ACTJU umoznuje kvantitativni zachyt ultrajemné a
jemné frakce atmosférického aerosolu az do velikosti ¢astic cca 10 nm. V koncentratu
ACTJU byly analyzovany dikarboxylové kyseliny (Stavelova, malonova, jantarova,
glutarovd, adipov4, pimelova a maleinova). Pomoci vyvinuté on-line metody s iontovou
chromatografii jako analytickou koncovkou byly vjednohodinovych intervalech
analyzovany vzorky méstského aerosolu s limity detekce dikarboxylovych kyselin 0,27-
1,74 ng/m3. Nejvyssi koncentrace v ovzdus$i byly naméfeny u kyseliny Stavelové a
jantarové (aZ 300 ng/m3), nasledované kyselinou malonovou (do 60 ng/m3), glutarovou,
adipovou, pimelovou a maleinovou (do 30 ng/m3), Obr. 1.
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Obr. 1: Zaznam méreni koncentraci DCAs v méstském aerosolu v Brné (Cervenec 2017).
ZAVERY

Kombinace CGU-ACTJU - IC miiZe slouZit jako vhodna monitorovaci metoda ke
sledovani zmén koncentraci dikarboxylovych kyselin pritomnych v aerosolu v realném
Case.
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INTRODUCTION

One can use various instruments based on different measurement principles for
estimating of aerosol properties, a review of different measurement techniques can be
found e.g. in Kulkarni et al. This contribution is focused on measurements of physical
aerosol properties and related general metrological aspects. The goal of every
measurement is finding of a true value of the measured quantity, which is complex task
for real-world, polydisperse aerosols. Instruments based on different measurement
techniques and even instruments working on the same physical principle that alter in
hardware/software measure - to some extent - differently. Other influences such as the
way of sampling and data evaluation also have impact on the final result. Some
phenomena are related to specific types of instruments, other, such as aerosol transport
properties, concern nearly all aerosol instrumentation.

METHODS

Real-time mass measurement of aerosol particles using optical particle counters
can serve as a good example for demonstration of uncertainty related to the first
principle of measurement technique (elastic light scattering), which is mainly the
dependency on particle complex refractive index or particle shape, and response curves
variability, see Szymanski, et al. for details. Moreover, different optical particle counters
can differ in the design of their detection system (light source, detector) and the
detection chamber, which is related to the solid angle used for scattered light collection.
One more uncertainty is present due to transformation of particle sizing data to mass
measurement, therefore, appropriate calibration procedure should be performed either
in laboratory (see e.g. Binnig, et al.) or on site (see e.g. Gorner et al.) to obtain reliable
measurement results. Another challenging task is the estimation of final measurement
uncertainty from its major sources, see Walser, et al.

Uncertainty related to elastic light scattering can be examined experimentally or
using numerical modelling. Open source Finite Difference in Time Domain (FDTD) solver
GSvit that is developed at our department can be used either for modelling of light
scattering on particles with complex shapes or as an alternative to Mie solution for
scattering on spherical particles (see http://gsvit.net).

74



CONCLUSIONS

In closing, it may be said that accurate measurement can still be performed after
good assessment of possible sources of error and uncertainty. Good measurement
practice, which should include e.g. a procedure of instrument zero check, or testing the
instrument using an aerosol with well-known properties are neither difficult to perform
nor time consuming, and lead to more reliable measurements.
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SUMMARY

The purpose of this research was to determine the influence of inspiratory flow rate
and relative humidity on particle size distributions (PSDs) generated by three MDI
inhalers (Flutiform, Fullhale and Ventolin) and one DPI inhaler (Spiriva). Particle size
distributions were measured by APS 3321 (TSI, USA) for three different inspiratory flow
rates - 30, 60 and 90 1/min. Hygroscopicity of particles was determined by comparing
data obtained at laboratory conditions and at relative humidity of 90%. During the
measurements of number PSDs by using of APS spectrometer, we recorded bimodal
distributions for Flutiform and Fullhale and monomodal distributions for Ventolin and
DPI Spiriva. The increasing inspiratory flow rate had a negligible effect on the position of
modes of individual distributions. The differences in PSD, measured under ambient
conditions and at RH of 90%, were also minimal and did not significantly affect the
assumed probability of drug deposition.

0voD

Inhala¢ni aerosoly produkované inhalatory typu MDI (metered dose inhaler) a DPI
(dry powder inhaler) piedstavuji nedilnou soucast 1é¢by pacientt s plicnimi chorobami,
jako je astma a chronickd obstrukéni plicni nemoc (CHOPN). Klicovym parametrem
urcujicim misto a ucinnost depozice v dychacim ustroji je velikostni distribuce castic
aerosolu (Byron, 1990). Ta se mlze ménit v zavislosti na slozeni 1é¢iva a zméné teploty a
relativni vlhkosti pii prechodu z inhaldtoru do dychaciho ustroji ¢lovéka. Pro analyzu
velikostni distribuce Castic z inhalatori se doporucuje pouziti kaskadnich impaktora
(European Farmacopeia, 2002). Tato metoda je vSak casové naroc¢na a poskytuje malé
rozliSeni velikostniho spektra. Alternativou je méreni velikostni distribuce pomoci
spektrometrii méricich dobu priletu castice aerosolu, které je i pres radu omezeni
rychlejsi a poskytuje vysoké rozliSeni namérenych velikostnich distribuci.

METODY MEREN{

Byly testovany ctytfi komercné dostupné inhalatory, tfi MDI a jeden DPI. Seznam
inhalatort spolu s informacemi o vyrobci je uveden v tabulce 1. Pro méfeni rozlozeni
velikosti Castic byl pouzit on-line spektrometr APS 3321 (TSI, USA). Vzorky aerosolu z
jednotlivych inhalatord byly vedeny potrubim z nerezavéjici oceli simulujicim geometrii
lidského respiracniho traktu - prvni ohyb za Gstni dutinou. Velikostni distribuce ¢astic z
jednotlivych inhalatort byly méreny pii pritocich 30, 60 a 90 I/min a za laboratornich
podminek t = 25 + 0,5 °C a RH = 35 * 5%, které byly méfeny pomoci zaznamniku
Tinytag. Vliv zvySené relativni vlhkosti byl méren za podminek t = 25 + 0,5 °C, RH =90 +
1% a pritoku 30 1/min.
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Tab. 1: Seznam inhalatori s informacemi vyrobci

Inhalator Typ Aktivni latka (pg/davka) Pomocna latka

Flutiform MDI Fluticasone propionate (50) Ethanol, Apaflurane
Formoterol Fumarate Dihydrate (5)

Fullhale MDI Salmeterol xinafoate (25) Norflurane
Fluticasone propionate (125)

Ventolin MDI Sulbutamoli sulfas (120,5) Norflurane

Spiriva DPI Tiotropia (18) Lactose monohydrate

VYSLEDKY, DISKUSE, ZAVERY

Z velikostnich distribuci naméfenych pro lécivo Fullhale (obr.1) pfi riznych
pritocich je patrné, Ze zvysujici se nddechova rychlost méla minimalni vliv na pozici
modi jednotlivych velikostnich rozdéleni. Rovnéz rozdily ve velikostnich distribucich
castic, namérenych za laboratornich podminek a pfi vy$si RH, byly minimalni a nebylo
tak ovlivnéno pravdépodobné misto depozice v dychacim tustroji. Pfi méreni inhalacnich
aerosoli pomoci APS je dllezité mit na paméti néktera omezeni, ovliviiujici vysledny
tvar velikostnich distribuci. PoCetni koncentrace velkych castic (v naSem pripadé 2-3
um) miiZe byt podhodnocena kviili jejich koincidenci v detekéni zéné APS s malymi
Casticemi pri vysokych celkovych koncentracich.

8 8 -
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Obr. 1: Velikostni ditribuce pocetni koncentrace 1é¢iva Fullhale mérena pomoci APS
3321 za riznych podminek.
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SUMMARY

Nanoparticles of different composition and sizes are becoming a reality in many
industrial applications. As a result, there is an increasing need for understanding the
advert effects that nanoparticles may have on human and animal health.

To study the health impact of nanoparticles, adult mice were continuously exposed
to metal oxide nanoparticles for a different time. At the end of experiment, mice organs
(lung, brain, kidney, liver and spleen) were collected for chemical, biochemical,
histological and electron microscopical analyses.

0voD

Nanocastice, tj. ¢astice, které jsou alespon v jednom rozmeéru mensi nez 100 nm, se
pouzivaji v béZném Zivoté pri mnoha aplikacich jako je biomedicina, kosmetika, vyroba
potravin, vyroba energie, elektronika atd. Ze zdravotniho hlediska jsou nanocastice
nebezpecfné tim, Ze na rozdil od ¢astic vétSich neZ 100 nm mohou snaze pti dychani
pronikat do plic a plicnich tkani, kde pak mohou zpisobit jejich poSkozeni, které mtize
vyustit v chronické dychaci problémy.

V soucasné dobé existuje velké mnozstvi informaci z in vitro experimentd, které
popisuji interakci nanocastice-bunika. V prevazné vétsiné experimentl byl pomér poctu
nanocastic k poc¢tu bunék vyssi nez 1000:1, coZ je mnohonasobné vic neZ situace do
které se dana burka muze redlné dostat. Predvidani zdravotnich rizik na zakladé in vitro
experimentd je tedy diskutabilni. PiestoZe je zfejmé, Ze pouze in vivo experimenty nam
mohou vyznamnym zplisobem pomoci pti vypracovani metodiky hodnoceni zdravotnich
rizik spojenych s pritomnosti nanoCastic vovzdus$i, stdle se nevénuje in vivo
experimentiim nalezita pozornost.

VYSLEDKY, DISKUSE, ZAVERY
Na Ustavu analytické chemie AV CR Brno byla zkonstruovana specialni inhala¢ni
komora, ktera umoznuje provadét dlouhodobé inhala¢ni pokusy s nanocasticemi na

malych experimentalnich zviratech (VeCera a MikuSka, 2012). Vramci dosud
provedenych experimentli byly mysi exponovany nanocasticim oxidl kovli (MnxOy, CdO,
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PbO, TiO2, Zn0O, Cu0). Koncentrace produkovanych nanocastic se v priibéhu experimentu
pohybovaly vrozmezi 1-3 x 107 &astic/cm3 s velikostni distribuci 7-60 nm. Redénim
proudem vzduchu byla koncentrace nanocastic pred vstupem do inhala¢nich kleci
snizena na koncentraci 5x105 - 2x106 ¢astic/cm3. Pro inhalaci byla pouzivana populace
40 mysi, inhala¢ni experimenty probihaly po dobu 3 dnid - 3 mésici, 24 hod/den.
Exponované mysi byly postupné v priibéhu experimentu ve zvolenych casovych
intervalech odebirany a humdannim zplisobem usmrceny. Poté jim byly odebrany
vybrané vnitrni organy (plice, mozek, ledviny, jatra a slezina), které byly analyzovany na
obsah daného kovu (Obr. 1).

Distribuce olova v organech my3i po 11 tydenni expozici PbO nanodasticim:

ledvina
W

slezina

/ 3,7%

—
T—_mozek
3,4%

plice
28,9%

Obr.1 Hmotnostni distribuce Pb v orgdnech mysi

Obsah kovu v organech exponovanych mysi byl porovnan s obsahem kovu v organech
kontrolnftho vzorku mysi, které inhalaci nanocasticemi nebyly podrobeny. Odebrané
organy exponované a kontrolni skupiny mysi byly nasledné podrobeny toxikologické,
histologické a imunologické analyze (napt. Dumkova, 2016 a 2017).
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INTRODUCTION

Iron oxide nanoparticles (NPs) are industrially produced and commercially
available and they are also frequently emitted into the environment by iron making
plants. In the human body, iron is maintained at homeostatic fairly low level. However,
freshly generated iron oxide NPs cause febrile and inflammatory response known as
metal fume fever, but the potential in vivo consequences of inhalation of iron oxide NPs
from the atmosphere has not yet been investigated. An overview of recent studies
evaluating iron oxide NPs cytotoxicity, genotoxicity, developmental toxicity and
neurotoxicity was presented by Valdiglesias et al. (2015). Toxicity of iron oxide NPs has
been studied both in vitro and in vivo. Exposure chamber for the whole body inhalation
experiments with small laboratory animals was constructed at the Institute of Analytical
Chemistry of the CAS (Vecera et al,, 2011) and some methods of NPs generation for these
experiments were already tested in our laboratory (Moravec et al., 2015; Moravec et al.,
2016). In this study we tested a method of long lasting generation of iron oxide NPs by
pyrolysis and oxidation of ironllIl acetylacetonate (FeAA3).

EXPERIMENTAL SETUP

NPs generation was studied in an externally heated work tube with i. d. 25 mm and
the length of heated zone 1 m. Total length of the work tube made from impervious
aluminous porcelain was 1.5 m. Experimental setup was described in more detail at
Moravec et al. (2015). A stream of nitrogen carrier gas, saturated by precursor vapours
in a saturator (Qs), was fed into the reactor, where it was mixed with a stream of either
nitrogen (pyrolysis) or a mixture of nitrogen and air (oxidation), see Figure 1. A stream
of particle laden gas (Qr) was diluted at the outer part of the work tube by a diluting
stream (Qoi) of nitrogen (pyrolysis) or air (oxidation). The particle production was
studied in dependence on precursor vapour pressure (Preaas), reactor (Tr) and saturator
temperature (Ts) and on flow rates Qr, Qs and Qpi.. Precursor vapour pressure was
controlled by saturator temperature and/or saturator flow rate and its values in the
reactor were calculated on the basis of the data of Goetze et al. (1970) from the
equation:
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12,08 59434 0
Pons(Pa) =133.32x10 B0 x =5 (1)
R

NPs production was monitored using SMPS (TSI model 3936L75). Samples for NPs
characterization were deposited onto TEM grids, using a nanometer aerosol sampler
(TSI model 3089) and on cellulose, quartz, and Sterlitech Ag filters. The particle
characteristics were studied using HRTEM (JEOL 3010), energy dispersive spectroscopy
(EDS; INCA/Oxford connected to JEOL 3010), selected area electron diffraction (SAED;
JEOL 3010), inductively coupled plasma - optical emission spectrometry (ICP-OES;
Agilent 4200 MP-AES), elemental and organic carbon analysis (EC/OC; Model 4, Sunset
Laboratory) and X-ray diffraction (XRD; Bruker D8 Discover diffractometer).

PYROLYSIS N
2
N, +

v |v|

N, + FeAA3(q)

air
N,

N, + FeAA3(q)

v |v|

OXIDATION
Fig. 1: Scheme of arrangements of the reactor inlet section.

RESULTS AND CONCLUSIONS

Two experimental campaigns in total duration 100 and 80 hours were performed.
The NPs production was studied in the range of Tr: 500-800 °C, Ts: 155-160 °C, Qr:
1200-1500 cm3/min, Qs: 100-200 cm3/min, Qpi: 1600-1800 cm3/min, Preaas: 1.1-3.5 Pa
and co: 0 (pyrolysis) or 12-15 vol. % (oxidation). NPs production by pyrolysis and
oxidation of FeAA3 is summarized in Table 1.

Tab. 1: NPs production in dependence on Tr. Different Preaas for individual samples.
M: - total mass concentration, ER - emission rate.

Pyrolysis Oxidation

Tr [°C] 600 700 500 600 700 800
M, SMPS 3785- 1765- 1090-

(e /m?] 480-894 | g 2569 996-1448 | 584-2056 | | qo
M., Filters 1021- 1575- 2121- 1719-

[ug/m3] 534-668 1296 2017 2608 | 80724061 1744
ER, SMPS 1.4-2.7 |11.4-142| 53-7.7 3.2-4.6 1.9-66 | 3.5-3.8
[ng/min]
ER, Filters 1620 | 3139 | 4761 6.8-83 | 2677 | 5556
[ng/min]
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Samples of NPs generated by pyrolysis and oxidation of FeAA3 and deposited on
cellulose filters are shown in Figure 2. It can be seen that by pyrolysis at Tk 500 °C
mostly only evaporation and condensation of precursor occurs. At 600 and 700 °C the
decomposition of precursor is much deeper, but samples contain a lot of EC. All samples
prepared by oxidation of FeAA3 at Tr 500-800 °C have almost identical colour, content
of Fe, very low content of OC and zero content of EC. Nevertheless, they slightly differ in
morphology and crystallinity. The NPs characteristics in depence on decomposition
process and Tr are summarized in Table 2.

Fig. 2: Concentrations of Fe, EC and OC of the samples prepared by pyrolysis and
oxidation of FeAA3 in dependence on Tr.

Tab. 2: NPs characteristics in dependence on decoposition process and Tr. TC - total
carbon.

Pyrolysis Oxidation
Tr [°C] 600 700 500 600 700 800
TC [mass %], EC/0C 37.2 33.7 3.5 3.7 5.4 n.a.
Fe [mass %], ICP-OES 51.9 38.8 58.7 58.7 59.2 59.3

Cryst. Phase, XRD amorphous | amorphous | Fe203 Fe;03 Fe,0; Fe;0;

Cryst. Phase, SAED n.a. Fe203 Fe203 Fe203 Fe203 F6203

Results have shown that NPs generation by oxidation of FeAA3 at Tr 600 or 700 °C
is best suited for long term inhalation exposure experiments. The generation provides
NPs production rate sufficiently high (up to 2600 pg/m3, i.e. 8.3 ug/min) and can be
further increased by an increase of Ts or/and (@s, and it is stable at steady state
conditions for sufficiently long time. Primary particle size is typically between 10-20 nm,
see Figure 3, the content of Fe varies from 58.7 to 59.3 wt. %, which corresponds with
84.0 - 84.7 wt. % of Fe203. NPs are free of EC and contain only 3.5 - 5.4 wt. % of OC. Both
XRD and SAED method identified cubic Fe203 crystalline phase, Pdf 32-0469. On the
other hand, NPs generation by pyrolysis does not seem to be perspective method for
exposure experiments due to poorly defined characteristics of NPs. They contain a lot of
EC (33.7 - 37.2 wt. %), the content of Fe varies between 22.0 and 51.9 wt. % and
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because the NPs are XRD amorphous and almost SAED amorphous, it is very difficult to
identify the form of Fe in NPs.

= g

[

N

o -
£100 nm _ s

Fig.’ 3 TEM iniége aﬁd electron diffraction pattern of NPs synthesized at Tr=600 °C,
Qr=1500 cm3/min, Qpii=1700 cm3/min, Preaa3=2.4 Pa.
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INTRODUCTION

Currently, people spend more than 80% of their time indoors (Ondracek et al.,
2017). It is widely recognized that bioaerosols play a significant role in indoor air
pollution. Exposure to bioaerosols can cause a bunch of negative health effects (Xie et al.,
2017). The indoor bioaerosol is produced mainly from indoor sources, but via
ventilation and infiltration, it also originates from outdoor.

A lot of microbiota exist in the countryside environment. There is a lack of studies
about characterization and comparison of indoor and outdoor microorganisms in rural
areas of Central Europe.

The current study was designed to examine the bioaerosol levels in the indoor and
outdoor environment in a house located in the village. The main purpose of the research
was a quantitative and qualitative estimation of microbiota surrounding the village
house. For bioaerosol assessment inlet and outlet recuperator’s filters were used.

EXPERIMENTAL SETUP

The exposition of the recuperator filters was executed in the single-family house in
the village of Kotérz Maty (Poland, 50° 43’ 50” N; 18° 02’ 36" E; 1025 inhabitants).
A non-woven filters F7 (EU7) with average filtration efficiency above 80% for particles
of 0.4 um (EN 779:2012) were used. Filters were changed every month (12 times). One
of them (P1), via the ventilation system, collected aerosol particles from the outside air.
The second one (P2) grabbed particles from an indoor environment. The stream of
ventilation air was steady (approx. 350 m-3 h-1). The experiment was conducted for one
year (from July 2017 up to June 2018).

Every non-woven filter, from P1 and P2, was divided into two samples. The first one
was used for microorganism detection and the second one for elements. For bioaerosols
detection, the filters were suspended in buffer phosphate solution containing 0.05% w/v
Tween 80 and shaken for 30-60 minutes. Serial dilutions up to 10-3 were prepared.
Aliquots, 0.5 ml, of the original sample and its serial dilutions were spread-plated, in
triplicate, onto the surface of trypticase soy agar (TSA) to perform the bacteria count
and Sabouraud dextrose agar (SDA), containing chloramphenicol antibiotic, was applied
for the primary isolation of fungi. Bacterial plates were incubated at 30°C for 48 h, but
fungal Petri plates were incubated at 25°C for 5-7 days. Microorganisms cell numbers
were counted and concentration was expressed as colony forming units per gram of
filter (CFU/g) (Han et al, 2018). Isolates of fungi were identified to the level of the genus
on Potato Dextrose Agar (PDA) based on the observation of micro- and macro-
morphological traits (Awad et al, 2014).
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Simultaneously, for indoor and outdoor air, the average monthly temperature (T)
and relative humidity (RH) were determined. The sensors from portable weather station
Davis Vantage® were used.

The 1/0 microorganism ratios were calculated. For P1-P2 results comparison, the
non-parametric Wilcoxon test was used. The relationships between variables were
examined using Spearman correlation. The significance level of 0.05 was adopted.

RESULTS AND CONCLUSIONS
Figure 1 shows the profiles of bacteria and fungi concentration in filters collected

indoor and outdoor bioaerosol. Figure 2 presents the seasonal concentration of
microorganisms collected on the recuperator filters.

5,6 i=e— P1 bacteria
-=- P2 bacterif
5,2 ~o P1fungi { %
~ae P2 fungii

2 3 4 5 6 7 8 9 10 11 12
Month

Fig 1. Bacteria and fungi indoor and outdoor concentration changes.
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Fig 2. Seasonal concentration of microorganism comparison in P1 and P2. Boxes show

the range between the 25t and 75t percentiles. The whiskers extend from the edge of

the box to the 5t and 95t percentiles of the data. The squares inside indicate median
values.

The concentrations of bacteria associated with filters P1 (5.0x103 - 2.7x104 CFU/g)

were higher than fungi (1.3x103 - 9.7x103 CFU/g). Whereas the concentration of
bacteria associated with filters P2 were higher only in spring and summer (from May to
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August). The annual average 1/0 ratio for bacteria was 1.01 and for fungi 1.23. The
lowest 1/0 ratio was found in summer (0.92 for bacteria and 0.99 for fungi). The highest
one in winter (1.09 and 1.42 respectively). The opposite results were discovered in
houses with natural ventilation (Pastuszka et al., 2000; Liao et al., 2004) and for indoor
spaces without human activities (Ondracek et al., 2017).

Besides the summer period (p=0.67), the Wilcoxon test results clearly confirmed
statistically significant differences between indoor and outdoor concentrations of fungi
(p <0.01). For bacteria, there weren’t any differences for spring and autumn (p-value
0.47 and 0.73 respectively). That indicates the concentration of bioaerosol indoors not
follows that of the outdoors.

Figure 3 shows the matrix of the presence of various types of microbiota. Alternaria,
Chaetomium, Cladosporium and Penicillium were the common fungal types, with higher
concentrations associated with filters P1. In the filters P2, from November to March, the
highest percentage (80-100%) of isolated fungi was represented by species Penicillium
chrysogenum and P. digitatum. The filters microbiota was dominated by Gram-positive
bacteria belonging to Actinobacteria and Firmicutes. A wide diversity of Gram-negative
Proteobacteria were isolated. Very similar results, in terms of bacteria presence, were
published by other authors (Lie and Jo, 2006; Jo and Seo, 2006). These results show, that
in houses with filtered air, the types and amount of microbiota mainly depended on
indoor sources of organic contaminants.

P2 P1and P2 Jan Feb Mar Apr May Jun Jul Aug Sep Oct MNov Dec

Chaetomium
Rhizopus
Aspergillus -

Alternaria

Cladosporium

Penicillium

Trichoderma
Phoma

Arthriniiom

Mucor -

P2 P1andpP2 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Proteobacteria
Actinobacteria
Firmicutes

Streptomyces

Fig. 3. An occurrence of particular types of bacteria and fungi in individual months.

Table 1 contains a P-values for checked variables. The conducted analysis
demonstrated that a positive correlation between fungi and bacteria concentrations and
temperature and RH could be found. It seems, that for the indoor environment the
relative humidity had the most pronounced influence on the bioaerosol concentration.
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Tab. 1: The matrix of Spearman correlation. Significant correlations were indicated by
bold italics.

Bacteria Fungi T RH T RH
P2 P1 P2 P2 P1 P1
Bacteria P1 -0.11 0.66 0.09
Bacteria P2 0.41 0.32
Fungi P1 0.50 0.31
Fungi P2 -0.08 0.18 0.60

It seems, that the results cannot be supra-local dimension. But they can find
confirmation in houses with similar characteristics of use and location.
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SUMMARY

Cities and their functional areas (residential areas, industrial zones, recreational
zones, transport hubs, ..) constitute the environment for their inhabitants. Urban
residents face a deterioration in air quality due to different sources of pollution (road
transport, industry, local heating, ...). The production of particulate matter and harmful
gases from different sources is a problem in the cities. Traffic volume continues to grow
and road transport has the greatest impact on the atmosphere in the vicinity of the
urban roads. Due to the dominant use of combustion engines, exhaust gases contain
large amounts of gaseous pollutants as well as particulate matter. They particularly
include a large amount of the finest PM fractions, which can remain in the air for a long
time, easily enter respiratory tracks, and damage human health. The other part includes
particulate matter produced by the abrasion of different parts of roads and vehicle
fleets, from resuspension road dust which concerns matter of larger aerodynamic
diameters. By combining different sources and adverse meteorological factors, the limit
values for pollutants can be exceeded frequently. A proposal for an air quality
monitoring network was created in Zilina. The layout of the measuring stations was
based on the basic idea of covering typical Functional Urban Areas (FUAs) in the city of
Zilina. Selected measurement sites are always a combination of several sources of air
pollution.

0voD

Medzi hlavné zdroje zneCistenia ovzduSia v mestskych oblastiach patria emisie
vyfukovych plynov, resuspenzia cestného prachu a vykurovanie domacnosti drevom
a uhlim. Ide o zdroje, ktoré produkuju emisie do okolitého ovzdusia vo vertikalnej vyske
pod 20 m, ¢o vedie k vyznamnému vplyvu na Uroven koncentracii polutantov v dychacej
zone l'udi [Jandacka et al., 2017, Pant - Harison, 2013, Thorpe - Harison, 2008, Fullova
etal. 20170.

Dve najdolezitejSie latky, ktorymi cestnd doprava znecistuje ovzdusie, si oxid
dusicity (NO2) a jemné tuhé &astice (PMz;s). Sektor dopravy v EU v roku 2013 prispel 13
% k celkovym emisiam Castic PM1o a 15 % k emisiam tuhych castic PM2;s. Jemna frakcia
PM2;5 tvori 40 - 80 % hmotnostnej koncentracie PM1o v okolitom ovzdusi v Eurépe [EEA,
2013, Jandacka et al,, 2017]. Zatial' ¢o vyfukové emisie z vozidiel od roku 1990 klesaju
vd'aka technologickym zdokonaleniam vozidiel, ako st napriklad Casticové filtre, zvySuju
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sa nevyfukové emisie tuhych castic vznikajucich opotrebovanim bfzd a pneumatik.
Nevyfukové zdroje tvoria v sucasnosti velkd cast celkovych emisii tuhych castic z
vozidiel - pribliZne polovicu ¢astic PM1o a tretinu tuhych Castic PMz2s [EEA, 2016].

METODIKA MERAN{ KVALITY OVZDUSIA

V Ziline bol vytvoreny navrh siete na monitorovanie kvality ovzdusia. RozloZenie
meracich stanic bolo zvolené na zaklade myslienky pokrytia typickych funkcénych
mestskych oblasti (Obr. 1). Meracie miesta su vZdy kombinaciou viacerych zdrojov
znecistenia ovzdusSia.

Monitorovanie kvality ovzduSia FF o ; ’ "y : Legend :
Mesto Zilina i s 2 °h Yiresia Zadubnie = : & Meracie stanoviste
. . 4 : S i ES

*

Goo“g'Ie Earth

Obr. 1. Meracie stanovi$tia v meste Zilina

Prvym meracim stanovistom bolo Namestie A. Hlinku. Ide o typickd peSiu zénu bez
cestnej premavky. Vokoli sa nachadza len malo aut parkujicich v miestnych
prevadzkach. Druhym meracim stanoviStom je Komenského ulica v blizkosti centra
mesta. Ide o krizovatku troch ulic: Komenského ulica, Suvorovova ulica a ulica Juraja
Fandlyho. Okolie je tvorené obytnymi budovami, Skolou a budovou verejnej spravy.
Tretim meracim stanoviStom je najvacsia krizovatka mesta - KoSicka ulica. V blizkosti
krizovatky sa nachddza mestska teplarefi (Zilinska teplarenska, a.s.) a nakupné centrum.
Dal$ie meracie stanoviste je ulica Univerzitna, kde okolie tvori areal Zilinskej univerzity
amestsky park Lesopark. Meracie stanoviSte je v blizkosti miestnej komunikacie,
kriZzovatka ulic Univerzitna, Pod hajom a Vel'ky diel. Posledné monitorovacie stanoviste
sa nachadza v priemyselnej zéne, v blizkosti ulice Strkova. V oblasti prevlada nakladna
doprava.

Boli merané tuhé Castice roznych frakcii PM1o, PM2,5a PM1 a boli pouZité nasledujice
meracie metody:

- opticka metdda,

- metdda absorpcie Ziarenia beta,

- gravimetricka metdda.
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PoCas monitorovania boli zaznamenané aj meteorologické parametre (teplota,
vlhkost, rychlost a smer vetra, tlak). Merania kvality ovzdusSia boli realizované na
kaZdom meracom stanovisti 7 dni v nasledujucich intervaloch:

- meracie stanoviste Namestie A. Hlinku: 22. - 28. februara 2018,

- meracie stanoviste Komenského ulica: 01. - 07. marca 2018,

- meracie stanoviste KoSicka ulica: 19 - 25. aprila 2018,

- meracie stanovisSte Univerzitna ulica: 14. - 20. novembra 2017,

- meracie stanoviste Strkova ulica: 9. - 15. méja 2018.

VYSLEDKY MERANI TUHYCH CASTIC

Merania znetistenia ovzdu$ia v meste Zilina boli zamerané na meranie tuhych
znecistujucich latok réznych frakcii: PM1o, PM2s5 a PM1 réznymi metédami merania.
V nasledujicom sd vyhodnotené merania tuhych castic optickou metédou s vyuzitim
pristroja Fidas 200, spolo¢nosti Palas. Koncentracie znecistujicich latok boli
vyhodnotené ako 24-hodinové priemery, to znamend, Ze k dispozicii bolo 7 hodnot
koncentracii pre kazdua znecistujicu latku na kazdom meracom stanovisti. Zakladnou
ulohou merani bolo porovnanie koncentracii znecist'ujicich latok v réznych funkcénych
oblastiach mesta Zilina azistit vplyv sekundarnych faktorov na koncentracie
znecistujucich latok v ovzdusi. Meracie stanovistia maja rézny charakter, ako uz bolo
uvedené v opise metodiky. Namerané znecistenie ovzdusia moéze pochadzat z réznych
zdrojov, ktoré sa nachadzali v okoli meracich stanoviSt. Meracie stanoviste na Namesti
A. Hlinku je peSia z6éna av jeho blizkosti nebol Ziadny vyznamny zdroj znecistenia
ovzduSia. Miestne komunikacie koncia na okraji namestia a cestnd doprava nema
pristup do peSej zény. Meracie stanoviSte na Komenského ulici je v blizkosti cestnej
komunikacie, kde najvyznamnej$im zdrojom zneclistenia je cestnd doprava. Meracie
stanoviSte na KoSickej ulici je v blizkosti dopravného uzla a vyznamnym zdrojom
znecistenia ovzdusia je cestnd doprava, vel'ké parkovacie plochy pri ndkupnych centrach
a priemyselna z6na mesta. Meracie stanoviste Univerzitna ulica je obklopené mestskym
parkom a v blizkosti stanovi$ta si miestne komunikécie. Strkova ulica je v centre
priemyselnej zony, kde potenciondlnymi zdrojmi si predovSetkym cestnd doprava
a l'ahky priemysel.

V ramci merani boli sledované aj meteorologické parametre (Tab. 1), ktoré
vyznamnou mierou prispievaju k aktualnemu stavu koncentracii znecistujucich latok v
ovzdus$i (pozitivne alebo negativne). Vyznamna rychlost vetra bola na stanovisti na
Namesti A. Hlinku a na KoSickej ulici (Tab. 1). Na Namesti A. Hlinku a na Komenského
ulici boli po€as merani zaznamenané nizke teploty ovzdusSia (Tab.1).

Tab. 1. Meteorologické parametre pocas monitorovania znecistenia ovzdusia vo
funkénych mestskych oblastiach mesta Zilina.
Priemerné tyzdenné hodnoty

Lokalita Rychlost vetra  Smer vetra Tlak Teplota Vlhkost
[m/s] [deg] [hPa] [°C] [%]
1,7 SSZ 979,4 -6,3 60,6
0,7 \' 963,5 -2,2 69,1
1,5 Jv 979,7 16,4 57,8
0,6 JZ 973,2 2,3 88,4
0,9 JJvV 972,0 16,0 69,7
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Pocas celého merania na Komenského ulici bol zaznamenany vyskyt miernej inverzie.
Pocas merani na Univerzitnej ulici boli zaznamenané niZsie teploty ovzdusia. Naopak na
ulici Strkova boli teploty vyssie a charakter stanovista sa pribliZuje k ulici Ko$icka.

Najvyssie koncentracie tuhych Castic boli namerané na monitorovacom stanovisti na
Komenského ulici. Priemerna koncentracia PM1o pre celé meracie obdobie bola 86,5
ug/m3, pre PM2;5 bola 66,8 ug/ms3 a pre PM1 bola 62,1 pg/m3. VysSie koncentracie tuhych
Castic boli sposobené spojenim tak vyznamného zdroja ako je cestnd doprava s nizkymi
teplotami a inverziou. Priemerna koncentracia tuhych castic namerané na Namesti A.
Hlinku pre PM1o bola 27,2 pg/m3, pre PM2;5 23,9 pg/m3 a pre PM1 22,8 ug/m3. Pocas
tychto merani bola zaznamenana nizka teplota vzduchu, ale vyssSia rychlost vetra
(Iabilné zvrstvenie atmosféry). Priemerna koncentracia tuhych castic pre celé meranie
na monitorovacom stanovisti KoSicka ulica pre PM1o bola 27,0 pg/m3, pre PMzs 12,6
ug/m3 a pre PM1 9,2 pg/m3 (Obr. 2). Pocas merani bola zaznamenana vyssia teplota a
vysSia rychlost vetra (labilné zvrstvenie atmosféry). Priemerna koncentracia tuhych
Castic pre celé meranie na monitorovacom stanovisti Univerzitna ulica pre PM1o bola
27,9 pg/ms3, pre PM25 23,3 ug/m3 a pre PM1 21,7 ug/ms3. Priemerna koncentracia tuhych
Castic pre celé meranie na monitorovacom stanovisti Strkova ulica pre PM1o bola 22,9
ug/ms3, pre PM2,511,0 pg/m3 a pre PM1 8,1 pg/ms3.
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Obr. 2. Koncentracie tuhych ¢astic vo funkénych mestskych oblastiach mesta Zilina.

91



Distribtcia tuhych castic sa na vybranych meracich stanovistiach taktieZ odliSovala.
Hruba frakcia PMz2s-10 bola najviac zastupena na KoSickej ulici, tvorila 54 % celkovej
frakcie PM1o a na Strkovej ulici, tvorila 52 % celkovej frakcie PM1o. Je to spdsobené
intenzivnou cestnou dopravou a vhodnymi podmienkami na rozptyl, kde dochadza
k resuspenzii cestného prachu, predovSetkym tazkou ndkladnou dopravou. Na
Komenského ulici predstavovala hruba frakcia PMzs-10 23 %, na Namesti A. Hlinku len
12 % ana Univerzitnej ulici 16 % celkovej frakcie PM1o (Obr. 3). Vysoky podiel jemnej
frakcie PM2;5 na tychto troch monitorovacich stanovistiach je spdsobeny najma nizkymi
teplotami ana uliciach Komenského a Univerzitna aj zhorSenymi rozptylovymi
podmienkami. Za tychto podmienok moZe dochadzat k sekundarnej tvorbe castic, najma
jemne;j frakcie, kedy plynné polutanty kondenzuju na tuhy aerosol.

Namestie A. Hlinku Komenského ulica Kosicka ulica

12%
a% 23%
5%

(]

HPM2.5-10 EPM1-2.5 PM1 HPM2.5-10 ®mPM1-2.5 PM1 mPM2.5-10 mPM1-2.5 PM1

Univerzitna ulica Strkova ulica

mPM2.5-10 ®mPM1-2.5 PM1 mPM2.5-10 ®mPM1-2.5 PM1
Obr. 3. Distribucia tuhych castic vo funkénych mestskych oblastiach mesta Zilina.

Z porovnania nameranych udajov roznymi meracimi metédami vyplynulo vel'mi vysoké
prekrytie dat (R2>0,9; r>0,93), co poukazuje na vysoku spolahlivost pouZivanych
nereferencnych meracich metéd (optickda metéda, metdéda absorpcie Ziarenia beta)
v porovnani s referen¢nou gravimetrickou metodou.

ZAVERY

Urovenn koncentracii zneéistujiicich latok zavisi predovietkym od pritomnosti
potencialnych zdrojov znecistenia ovzduSia. MdZe to byt mnoZstvo stacionarnych
zdrojov, ale v mestach a ich funkénych oblastiach najma cestnd doprava. Merania
ukazuju, Ze znecistenim ovzdusSia su postihnuté najma oblasti, kde je sustredena cestna
doprava - ulice Komenského a KoSicka. Sekundarne faktory - meteorologické podmienky
- tieZ prispievaju k vys$im koncentracidm znecistujucich latok. M6Zeme to pozorovat na
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monitorovacom stanoviSti na Komenského ulici, kde sa spojil vyznamny zdroj
znecistenia - cestnd doprava a nepriaznivé meteorologické podmienky - inverzia, nizka
rychlost vetra a nizka teplota vzduchu. Naopak, v blizkosti monitorovacieho stanovista
na Namesti A. Hlinku nie je vyznamny zdroj znecistenia a meteorologické podmienky
pocas merani boli priaznivé - vysSia rychlost vetra alabilné zvrstvenie atmosféry,
napriek nizkym teplotdm. Monitorovacie stanoviSte na KoSickej ulici je charakteristické
vyznamnym zdrojom znecistenia ovzdusSia, cestnou dopravou, ale pocas merani boli
zaznamenané velmi priaznivé podmienky na rozptyl znedistenia ovzduSia - vysSia
teplota vzduchu, labilné zvrstvenie atmosféry a vyssia rychlost vetra.

Kombinaciou viacerych faktorov (primarne: zdroje znecistenia; sekundarne:
meteorologické podmienky) moZzu koncentracie znecistujucich latok dosiahnut vysoku
uroven a prekracovanie limitnych hodnot znecist'ujicich latok vo funkénych mestskych
oblastiach (Komenského ulica: maximalna hodnota PM10 bola namerana 5. marca 2018 -
114,9 pg/m3). Vysoké koncentracie znecistujucich latok zniZuju kvalitu Zivota
obyvatel'stva.
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SUMMARY

The calibration of the impactor PM10/2.5 is a complicated, time-consuming process.
Monodisperse aerosol of different particle size close to the expected particle size cut-off
is successively fed to the impactor and the efficiency of the capture of particles with
given aerodynamic diameter is evaluated. In the case that the impactor is calibrated by
using the analyser APS (aerodynamic particle sizer), practically any polydisperse aerosol
can be used for calibration and the calibration can be done simply and quickly.

0voD

Kalibrace impaktoru PM10/2.5 je sloZity, ¢asové narocny proces. Do impaktoru je
postupné prividén monodisperzni aerosol s riiznou velikosti ¢astic a je vyhodnocovana
ucinnost zachytu c¢astic o daném aerodynamickém priméru. V pripad€, Ze by byl
impaktor kalibrovan pomoci APS (aerodynamic particle sizer) analyzatoru je moZné pro
kalibraci vyuzit prakticky libovolny polydisperzni aerosol. Kalibrace pak miiZe byt
provedena jednoduse a rychle. Cilem prace je vylepsit tento zpisob kalibrace impaktoru
a nasledné ji uvést do praxe na pracovisti autorti prispévku.

METODY MEREN{

Kalibrace impaktoru probihala v tzv. prasné trati. To je potrubi o priméru 150 mm a
délce 4 m, které je pripojeno k pritokoméru a ventilatoru jako zdroji sani. Otacky
ventilatoru jsou nastaveny tak, aby rychlost vzduchu v potrubi prasné trati byla
3,3m/s. Na pocatku potrubi byly davkovany castice kapalného aerosolu Di-2-
Ethylhexyl-Sebacatu (DEHS) pomoci generatoru castic MAG 3000 od firmy PALAS nebo
pevnych polydisperznich ¢astic (popilku z vytavného ohniSté) pomoci generatoru Castic
RGB 1000 rovnéz od firmy PALAS. Pred zapocCetim mérteni je generator/davkovac Castic
nastaven na konstantni davkovani castic do prasné trati a je dostatecné dlouho
stabilizovan (cca 30 minut). Do potrubi cca 3 metry od vstupu aerosolu je vloZena
odbérova trubka o vnitfnim priméru 13 mm pod uhlem priblizné 45° se seriznutym
vstupem. Na odbérovou trubku byly pripojovany impakcni stupné 10 um a 2,5 pm
impaktoru MSSI firmy TECORA. Za impak¢ni stupeii je zarazen izokineticky rozdélovac
proudu plynu, kde vedlejsi vétev je pripojena antistatickou hadickou o wvnitfnim
priméru 4 mm na analyzator APS 3321 firmy TSI. APS odsava vzorek 51/min (@ 0 °C,
1013 hPa). Hlavni ¢ast plynu zrozdélovace proudu je privedena k pritokoméru
a vyvévé. Pritokomér indikuje pritok 33,51/min (@ 0 °C, 1013 hPa). Celkovy priitok
impak¢nim stupném je 38,5 I/min (@ 0 °C, 1013 hPa). Tato hodnota vychazi z teploty,
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tlaku a vlhkosti vzduchu v prasné trati a je vypoctena podle pokynt vyrobce impaktoru.
Data APS jsou méiena vzZdy cca 3 minuty (cca 20 desetisekundovych vzorkd) a je
vyhodnocovana hmotnostni koncentrace aerosolu s nastavenim hustoty castic 1 g/cm3
a Stokesovy korekce byly vypnuty.

Zapojeni impaktoru a APS je realizovano v téchto 3 konfiguracich uvedenych na
obr.¢. 1a?2.
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Obr. ¢. 2 Konfigurace b) a c¢) s impakénim stupném 10 pm nebo 2,5 pm.

Za odbérovou trubkou byly postupné stfidany konfigurace a), b) a c) tj. s impak¢nim
stupném 10 pm a 2,5um a bez impakéniho stupné. Koncentrace aerosolu v prasné trati
neni i pfes maximalni snahu zcela konstantni. Porovnani méreni pred a za impaktorem
je vyhodnocovano z ¢asové blizkych méfeni hmotnostni koncentrace aerosolu. U¢innost
separace dané velikostni frakce aerodynamickych castic (Exi) v % se vypocte podle
vzorce (1).

Er; = 100 — (522 x 100) (1)
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kde

i index kanalu vyhodnocované frakce v APS (od 0,542 pm do 19,81 pm)

X index impaktoru (10 pm nebo 2,5 pm)

Exi ucinnost zachytu na daném stupni impaktoru a na dané velikostni frakci
dMx;i hmotnostni koncentrace stanovena APS za danym stupném impaktoru

ana dané velikostni frakci viz obr. ¢ 2 konfigurace b) nebo ()
s impaktorem 10 pm nebo 2,5 pum

dM; hmotnostni koncentrace stanovena APS na dané velikostni frakci
viz obr. ¢. 1 konfigurace a) bez impaktoru

DileZitym parametrem pro popis impaktoru je tzv. Stokesovo Cislo (Stkp). Stokesovo
Cislo je pro impaktor definovano jako pomér brzdné drahy ¢astice k poloméru trysky.

_ Sg _ TpXV _ 2XTpXv qpxd%xvxcc

p
Stkp I‘j El B Dj N X1 )(Dj (2)
2
kde
Sg brzdna draha Castice [m]
1 polomér trysky [m]
Dj priamér kruhové trysky Dj = 2.1j; D1ioym = 0,0078, D2.5ym = 0,00238 [m]
Tp relaxacni cas Castice [s]
\4 rychlost plynu v trysce impaktoru vioum = 2,53, v2.5um = 13,6 [m.s1]
Pp hustota ¢astice - konstanta 1000 [kg.m-3]
dp aerodynamicky primér Castice [m]
Cc Cuninninghamiiv korekéni faktor napft. pro ¢astice primeéru 10 pm je 1,02
pro castice primeéru 2,5 um je 1,07 [-]
M dynamicka viskozita plynu pro vzduch s vlhkosti 1 % a teplotu 25 °C

je 1,823.10-° [kg.m1.s1]

V rovnici (2) je moZno pro dany impaktor pp, v, 1 a Dj stanovit jako konstanty.
Proménnou je pouze dp (Cc je funkci dp) a vyplyva z toho, Ze dp je pfimo imérné Stkp 1.
Pro impaktor je moZno kalibraci sestavit graf uc¢innosti separace Castic (viz obr. €. 3)
s vodorovnou osou danou parametrem dp nebo univerzalné Stkp-1.
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Obr. ¢. 3 Realna a idealni uc¢innostni kifivka impaktoru
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Specialnim pripadem Stokesova Cisla je Stkso. Stkso je charakteristické konstantni
Stokesovo cislo daného impaktoru a urcuje, kdy impaktor déli ¢astice s 50 % ucinnosti
(viz obr. €. 3). Stkso je stanoven podle vzorce (3).

op XdZgxvXCe

Stkgo = (3)

QXT]XD]'

kde
dso tzv. cut-off primér castice, kterd je na impaktoru zachycena s 50 %

ucinnosti [m]

Vyrobce impaktoru TECORA stanovil:
Stkso,10um = 0,235, potom pii v= 2,5 m.s'! bude dso = 2,5 um
StKso,2.5um = 0,201, potom pii v = 13,6 m.s'1 bude dso = 10,0 um

VYSLEDKY, DISKUSE, ZAVERY

Kalibrace impaktoru byla provedena pomoci kapalnych castic DEHS, které jsou
velmi blizké idedlnim kulovym ¢asticim s hustotou blizkou 1000 kg.m-3. Na generatoru
castic MAG 3000 byl nastaven piedehiev = 300 °C, saturator = 220 °C, Q =162 dilkt
(odpovida 3,6 I/min @ 0 °C, 1013 hPa), bypass vypnut, vysledkem dle kalibra¢niho listu
mély byt castice o velikosti cca 4,5 um. Dle APS byl za odbérovou trubkou stanoven
dmax= 3,8 - 4,0 um, coZ je o 1 az 2 velikostni frakce na APS niZsi, neZ bylo o¢ekavano.

Pfi vyhodnocovani impakéniho stupné 2,5 pm bylo stanoveno dso, 2.5um = 2,7 um
(viz obr. €. 4). Dle rovnice (3) je vypocteno Stkso,25um = 0,269.
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Pozn. bez = konfigurace a), za Pm10= konfigurace b), za PM2.5 = konfigurace c), PM2.5 — 2/1 znamena, Ze jde o impaktor 2.5 um a kfivka
byla stanovena z koncentracnich kfivek 2 a 1

Obr. ¢. 4 nalevo - Hmotnostni koncentrace DEHS (mensi ¢astice) stanovena APS v prasné trati,
napravo - U¢innost separace ¢astic na impaktoru vypoctena dle rovnice (2) a konstant
uvedenych pod rovnici

aerodynamicky pramér ¢astic v um

Na generatoru ¢astic MAG 3000 byl nastaven predehiev= 300 °C, saturator = 235 °C,
Q = 162 dilka (odpovida 3,6 1/min), bypass zapnut, vysledkem mély podle kalibra¢niho
listu byt ¢astice o velikosti dmax cca 8,5 um. Dle APS byl za odbérovou trubkou stanoven
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dmax cca 5,5 um coz je o 5 az 6 velikostnich frakci nizZsi, nez bylo o¢ekavano - divodem
mohou byt vysoké ztraty ¢astic a nizky celkovy pocet generovanych Castic. Casova
stabilita koncentrace aerosolu v pras$né trati byla zna¢né proménliva, coz mize byt
jednim z divodli neoc¢ekavanych vysledki v tic¢innostni kiivce impaktoru 10 um.

dM - hmotnostni koncentracevmg/m?

dM - hmotnostni koncentrace v mg/m?3

Pti vyhodnocovani impakéniho stupné 10 pm bylo stanoveno dso, 10pm v rozmezi 3,2
az 4,0 um (viz obr. ¢. 5). Dle rovnice (3) je vypocteno Stkso,10um v rozmezi 0,114 az 0,177.
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Pozn. bez = konfigurace a), za PM10= konfigurace b), PM10 — 2/3 znamen3, Ze jde o impaktor 10 um a kfivka byla stanovena
z koncentracnich kfivek 2 a 3
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Obr. ¢. 5 nalevo - Hmotnostni koncentrace DEHS (vétsi ¢astice) stanovena APS v prasné trati,
napravo - U¢innost separace ¢astic na impaktoru vypoctena dle rovnice (2) a konstant
uvedenych pod rovnici
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Pozn. bez = konfigurace a), za PM10= konfigurace b), PM10 — 2/1 znamen3, Ze jde o impaktor 10 um a kfivka byla stanovena
z koncentracnich kfivek 2 a 1

Obr. ¢. 6 nalevo - Hmotnostni koncentrace popilku stanovend APS v prasné trati, napravo -

Uéinnost separace ¢astic na impaktoru vypoctena dle rovnice (1)

20

Kalibrace impaktoru byla provedena pomoci pevnych polydisperznich C¢astic
(popilku z vytavného ohnisté), ktery obsahuje ¢astice v Sirokém spektru velikosti, tvara
i hustot. Tento fakt by vSak nemél vadit, protoZe impaktor i APS vyhodnocuji
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aerodynamické priiméry ¢astic a skutec¢na velikost ¢astic neni podstatna. Dle APS byl za
odbérovou trubkou stanoven pro hmotnostni koncentraci dmax cca 3 pm (viz obr. ¢. 6
nalevo). Pro zachyceni tuhych ¢astic na impak¢nich plochach je velmi dilezité plochy
namazat adhezivni vrstvou napf. vazeliny, ktera zabrani preskoku ¢astic z vysSich pater
impaktoru do nizZsich pater.

Pri vyhodnocovani impak¢niho stupné 10 pm bylo stanoveno dso, 10pm v rozmezi 7,2
az 9,7 um (viz obr. ¢. 6 napravo). Dle rovnice (3) je vypocteno Stkso,10um v rozmezi 0,109
az 0,197.

Pfi vyhodnocovani impakéniho stupné 2,5 pm bylo stanoveno dso, 2.5um = 3,2 um
(viz obr. €. 6 napravo). Dle rovnice (3) je vypocteno Stkso,10pm = 0,375.

Tab. ¢. 1 hodnoty Stkso pro impak¢ni stupeii 2,5 pma 10 um

StKs0,2.5um Stkso,10um
odhad dle CSN ISO 23210 0,240 0,240
dle vyrobce impaktoru TECORA 0,235 0,201
dle méreni s kapalnymi ¢asticemi 0,269 0,114-0,177
dle méreni s pevnymi ¢asticemi 0,375 0,109 - 0,197

Zavérem je nutno konstatovat, Ze vysledné Stksoioum a StKso2sum jsou znacné
odchyleny od ocekavanych Stkso,10um a Stkso,2.5um stanovenych vyrobcem impaktoru nebo
doporu¢ovanych normou CSN ISO 23210 pro impaktory skruhovymi tryskami
(viz tab. €. 1). Dle namérenych vysledkii vSak nelze jednoznacné rozhodnout, zda je
problém v méreni APS, ¢i zda impaktor ma takto odchylené hodnoty Stkso. Nejvétsi
slabinou této metody je, Ze se nepodatilo do APS (za odbérovou trubku) dostat stabilni
koncentraci Castic s aerodynamickou velikosti kolem 10 pm. Proto jsou vysledky
impaktoru 10 pm zatiZené vyssi chybou méreni. Po dopracovani této metody kalibrace
impaktoru je zamér ji komerc¢né pouzit pro ovéiovani impaktord pro méfeni emisi dle
CSN ISO 23210.
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INTRODUCTION

ACTRIS (Aerosols, Clouds and Trace gases Research Infrastructure) is an initiative
gathering partners all over Europe concentrating on high-quality observations of
different atmospheric processes. ACTRIS aims to provide high quality open access data
of aerosols, clouds and trace gases and to create a platform for researchers to combine
their efforts in resolving the most important environmental challenges (such as air
quality, health, climate change, etc.). It is a logical continuation of 15 years of
development funded by both Member States and the European Commission through the
Research Infrastructure programme (including EARLINET, EUSAAR, CREATE and
Cloudnet). ACTRIS has become an important pan-European research infrastructure in
2016 by being accepted into ESFRI (The European Strategy Forum on Research
Infrastructure) Roadmap. Currently the ACTRIS is in the phase of becoming pan-
European research infrastructure with its own legal entity and operational structure,
being supported by two EU projects (ACTRIS-2 and ACTRIS PPP - Preparatory Phase
Project).

ACTRIS Lifecycle Phases

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029
Design

Phase ou; | P TEPAration Phase Implementation Phase Operation Phase =
ppp ACTRIS Legal Entity
ACTRIS-2

EUROCHAMP-2020

Fig. 1: The roadmap of ACTRIS to become operating research infrastructure.

The majority of the ACTRIS measurement data will be provided by ACTRIS National
Facilities (NF). ACTRIS Central Facilities (CF) will provide up-to-date operation support
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to the NFs as well as services to the users according to the ACTRIS access policy. ACTRIS
CF include following units:
e ACTRIS Head Office (HO)
e ACTRIS Data Centre (DC)
e ACTRIS Topical Centres (TCs)
Centre for Aerosol Remote Sensing
Centre for Aerosol In Situ Measurements
Centre for Cloud Remote Sensing
Centre for Cloud In Situ Measurements
Centre for Reactive Trace Gases Remote Sensing
Centre for Reactive Trace Gases In Situ Measurements.
The ACTRIS Science Community currently gathers more than 100 research institutions
or organisations from 23 European countries.

YVVVYVVY

CZECH REPUBLIC IN ACTRIS

The participation of the Czech Republic in ACTRIS includes four Research
Performing Organizations (RPOs): Czech Hydrometeorological Institute (CHMI),
Institute of Chemical Process Fundamentals of CAS (ICPF), Global Change Research
Institute of CAS (GCRI) and Research Centre for Toxic Compounds in the Environment at
MU (RECETOX). All these institutions are cooperating within four projects: ACTRIS-2,
ACTRIS CZ, ACTRIS-CZ RI and ACTRIS PPP. ACTRIS-CZ is on the national research
infrastructure roadmap. The aim of the Czech ACTRIS team is to contribute to ACTRIS
within NF and CF. The plan in regards to NF participation in ACTRIS is to have three
stations: Kosetice (CHMI, ICPF, GCRI, RECETOX), Usti nad Labem (CHMI) and Prague
(ICPF). Currently there is one station fully complying with the requirements of ACTRIS
to become ACTRIS NF within more TCs - National Atmospheric Observatory Kosetice
(NAOK). The other stations require still some improvements in regards to measurement
instrumentation. The contribution of CR in ACTRIS Central Facilities is planned within
Centre for Aerosol in Situ Measurements as a calibration laboratory for aerosol physical
properties (ICPF). This calibration laboratory will be closely linked to World Calibration
Centre for Aerosol Physics (WCCAP, TROPOS, IfT, Leipzig).

NATIONAL ATMOSPHERIC OBSERVATORY KOSETICE (NAOK)

National Atmospheric Observatory Kosetice (NAOK) consists of Kosetice
Observatory and Atmospheric tall-tower. The Kosetice Observatory was founded in
1988 and it is a part of atmospheric pollution monitoring network of the CHMI currently
measuring following quantities:

e gaseous pollutants (SO2, NO, NO2, NOx, tropospheric ozone, VOCs, methane,
PAHS, benzene)
e aerosol properties (PM1o, PM25, EC/OC, chemical composition).
In adition to these quantities, RECETOX holds a long term measurement of POPs within
Kosetice Observatory.

Moreover, Kosetice Observatory (CHMI) is part of the CHMI network of professional
meteorological stations (25 allover CR) and measures following quantities:

e climatology (temperature, atmospheric pressure, RH, wind speed and
direction, etc.)
e solarradiation (UV-A, UV-B, diffusional radiation)

101



e precipitations.

The Atmospheric tall-tower was built recently by GCRI in 2012. The tall-tower is
250 m high and has several platforms and places, where various instruments can be
installed (10, 50, 80, 125, 230 and 250 m), and sampling spots for greenhouse gases.
There are two permanent containers installed at the height of 230 m (one for gaseous
pollutants - tropospheric ozone and gaseous Hg (GCRI) and one for aerosol
measurements (ICPF)). Currently the tall/tower measurements include following
variables:

e greenhouse gases (COz, CH4, N20 and CO at 10, 50, 125 and 250 m - GCRI)
e gaseous Hg and tropospheric ozone (at 3, 8, 50, 230 and 240 m - GCRI)
e aerosol fluxes (at 80 m - ICPF, GCRI)
e aerosol physical properties (total number concentration at 230 m - ICPF).
The tall-tower measurement is also part of the ICOS Atmospheric Measurement
Network. ICOS (Integrated Carbon Observation System) program is a pan-European
research infrastructure providing harmonized and high precision scientific data on
carbon cycle and greenhouse gases budget. Part of the tall-tower measurements is a
container at the base level containing following measurements:
e aerosol optical properties (scattering and absorption — GCRI, ICPF)
e EC/OC (GCRI)
e aerosol physical properties (number size distribution <1um, nucleation
particles size distribution <3nm, total number concentration - ICPF).

In the near future, the plan for the extension of research activities includes following
measurements

- at230m:

e aerosol optical properties (scattering and absorption - GCRI)
e aerosol physical properties (number size distribution <1um - ICPF)

- atground level:

e aerosol physical properties (number size distribution >1um, hygroscopic
properties, CCN - ICPF)
e aerosol chemical properties (ACSM, AMS, PM1o offline - ICPF).

PRAGUE AEROSOL CALIBRATION CENTRE (PACC)

Prague Aerosol Calibration Centre will be part of the Centre for Aerosol In Situ
Measurements and it will be hosted by Laboratory of Aerosol Chemistry and Physics
(LACP) at ICPF. The initial plan of PACC activities includes calibration of aerosol
instruments measuring physical properties of aerosols such as MPSS, CPC and APSS.
Furthermore, the activities of PACC include organization of related workshops and
training of aerosol instrumentation users (NF, ACTRIS users or external users of ACTRIS
services). The PACC unit of ACTRIS Centre for Aerosol In Situ Measurements should be
fully operational in 2023. Meanwhile the PACC will undergo implementation and pre-
operation phase, where only some services will be offered.

SERVICES OFFERED TO EXTERNAL USERS

The NAOK infrastructure offers the access to the users on national or international
level through open access policy (national) or Trans-National Access (TNA) within
ACTRIS-2 project (international). There is a possibility to install new devices at NAOK as
well as access to following measurements:
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e in-situ chemical and physical properties of aerosols
air quality data
meteorological data and precipitation

e vertical gradient of greenhouse gases

e gaseous compounds.
The instrumentation can be extended on demand by various techniques (such as highly
time and size-resolved chemical composition, size-resolved aerosol hygroscopicity,
volatility studies, etc.).

Measured data from permanently running instruments are accessible through
various data portals:

e EBAS (aerosol chemical, optical and physical properties, meteorology,
gaseous pollutants - CHMI, ICPF, GCRI)

e GENASIS (POPs - RECETOX)

e WDCGG (greenhouse gases - CHMI, GCRI).

The services of PACC calibration facility will be offered on the open access policy
basis (national) and through TNA access (international users) as well. The services
offered by PACC will include:

e calibration of aerosol instrumentation according to ACTRIS standards
(MPSS, CPC, APSS)

e training of users for operation of aerosol instrumentation

e workshops for ACTRIS internal and external users.
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PROLOG

Dekati® eDiluter™ Pro is a portable dilution system that allows easy sample
conditioning for a wide range of particle measurement application. Its compact structure
includes a two-stage dilution system with an adjustable dilution factor ranging from
1:25 to 1:225. The high sample output of the Dekati® eDiluter™ Pro allows the system to
be fully integrated with all Dekati® Instruments and is also compatible with all other
commercially available measurement instruments.

OPERATING PRINCIPLE

The operating principle of the Dekati® eDiluter™ Pro is based on two-stage dilution.
The first dilution stage is heated while the second diution stage operates at room
temperature where the aerosol sample is also cooled in a controlled manner. Each
dilution stage consists of an ejector diluter with additional sheath air flow. The use of a
large ejector nozzle and sheath air reduced the need for cleaning, and also minimizes
particle losses within the system.

Heated Dilution
dilution air air

l' ‘ Diluted
sample
A X~

Exhaust Exhaust
Operating principle of the Dekati® eDiluter™ Pro

Sample
in

RESULTS

Dekati® eDiluter™ Pro ensures stability of dilution factor under varying conditions
(Sample temperature, pressure), accuracy and repeatability of measurement by
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integrated set-up (less risk of variations in set-up configuration), minimizes particle
losses.

Active Pressure Compensation: diluter operation is adjusted based on inlet pressure
measurement, constant dilution factor even when sample pressure changes (within 900
- 1200 mbar range), can be combined with DEED-300 for higher pressures, patent
pending.

DI-1000 vs. eDiluter Pro
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