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UVODz INTRODUCTION

Mili kolegové, ¢Elenové Ceské aerosolové spo

s

je mym potéSenim va i v tomto roce pozvat

s
se konam jtaykdn uo,b vtyer teo kvr &

spolecnosti, kterd
slovenskych soused?, v | dzenském mésté Pi e
vybranada |l okalita | ibit Timto bych zaroven
tymu, ktefi zafidili na mishbhfé&enceSe potfiebné
Zdjem o oO0cCast na konferenci v poslednich
vzrilistajicim poctu prezentaci. Az dosud !
prezentovat formou pfednasSky, ni cméneé Ccaso
jsmesepzhodli zachovat dosavadni <¢asovy for mé
obéda, abychom se vSichni stihl:i pfed viken
Ofici alnim jazykem konference je i |l etos ¢C
pozadate 2abgsil.i mozZznost prezentovat vasi
ohl edem na pfitomnost neékolika zahrani nich
Ji z se stava tradici, Ze soucCasti konferenc
kterd bude ocenénapfeinromows | Deleatsik,ouz & § tr ono u
se zucastnildi mi nulych roénikld snad potvrdi
a uchazet se tak 0 moznost umi st éni v tr
konference jsou firmy ECM ECO Monitoringa ENVItech Bok mi a . VS§em tf
sponzoridm jménem spolednosti srdeé¢né dékuji
Vybor Ceské aerosolové spolecnost.i opét ud
ktefi v Il etosSnim roce pfednesl. anglicky p
konfer e nc i Jako prfredseda spol ecnosti j sem r ¢
generaci Ceskych aerosolovych védcl0 k akt:i
Kkomunit é.
V tomto roce sl avi Zivotni jubil ea dga na
obnoveni aerosolového vyzkumu v CR. Jifi S
VeCefa o deset | et mén é . Obéma kolegidm k
misté& bych rad vsem &lenim CASu piipomnél,
m& ou zaslouzild. o to, aby nasSe spol ecnost
pozdej i narozenych ted zUst ava, aby spol ec¢n
Na zavér vam vsSem pfteji Gspeéesné konferencni
Vas

VI ada Zdi mal

pfedseda CAS

V Praze dne 5.10.2018
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AdélaHOL UBOV A S ME BH{eAdPIQCHR, MiroslavBITTER, Miloslav
MODLIK3

iICesky hydromet eor oltoogii ckkoys eltsitcaev,, QObsskear vRae p
adela.holubova@chmi.cz

dr ometeorologicky UGUstav, pobocC

drometeorologicky uUstav, pobo¢

Kl i GSlovm@ocet aerosplddyohecanséecicSténi, Vaze

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 Loitocated 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 @ 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 s 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.

UvoD

ZnecCi §téni ovzdu$Si watriege mé ep h( myubligen, jsou
| ouhodobé& intenzivné& sledovano v Cre&mka&ihoSt at
ydrometeorologického Ustavu I v téchto |l okalitach je vS§
chnyrotsytpryedd a proto dochazi k rozsSifeni i
byl a zal ozZzena tanice Lom |l ezZici na poze
ovice byly i p s sidmof eondyp or rodbcCea nlskE2 sk
euthprostoruvsakkté € nakonec nikdy nedosSl o.
: 7' s s, 13° 407 24.305" wvd, 265 m n. m. )
z vl ény terén | e vysl ecttkrekultivaci knajinyn Sttategckai prob
poloha ¢ ani ce v hnédouhel né panvi , obkl opena
vyhodnou pro zahrnuti stanicedopr oj ekt u pFfeshr ani éGZi20l4 pol u
2020 Hallo Nachbar.Ahoj sousede.sndazvem ,-ObdCW.ti vizace st

S
0
[

n

oS N< TQ

zapach v Erzgebirgskreis aUst eck ém kraj i “. V roce 2017 byl
stanice Lom rozsifen o méfeni el i kostni dist

Praveé vhodnost umi st éni stanlce a tedy | ej
nasledujicim porovnani. Cilem je zhodnotitmbny v I i v povrchovych dol @
vzdal en pouhy 1 k m, tepel nych el ektpl@r en, C
zneCi St éni na pocetni distribuci aerosolovych ¢
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METODY MERENI

Stanice Lom je vybavenakenovacimt ¥ i di ¢ em pohy MPS-8camihgi € a s
mobil ity particle sizer, I £ T TROPOS) , k t
velikostnim rozsahu 168 00 n m. Pro potfeby projektu OI
termodenuderem a meérfeni probiha % I nterv
termodenuderem. Stanice je dale vybavena aomat i ¢ ky mi anal yzator
koncentraci SQ, N&, PM a PMuo. Soucésti meéficiho vybave
vybranych meteor-esmégi aeakygkhposklveétru, gl ot

Méfené spektr unstaiead olse@d owywywchi t€id t er modenu
3 velikostni skupiny—n u k | e a€2mi n(nm)0,  a +1t0kOe nninv) (a2 Oa k u mu | a

(100800 nm) . PocCeedtnoddstviychv skupinach a celk
hodnocen vzhledemkmoznym zdr 6j 8manOkel byl o roz¢él en:
znecCi Sténi, které maji bezprost fseekniorwl iCv.
vyraznym zdrojem povrchovy |l om Bilina a tefj
5. |l ze j ako zdr o]jLitvinavnkdyCviollastirB &es rtachaziMaké tepelrzé

el ektrarna Polerady. V sektoru €. 4Csekdédac
republice a tepelna elektrarnaC&koknoslamwe nas

armady a VrSany.

Mo:

Obr. 1: Letecky snimek okoli stanice Lom.\\mi st &€ st anice je zobr aze

rok 2017. Okoli je rozdéleno do nékolika

zahrnujici povrchové doly, méstskou zast a\
komplex.
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EMISE

Emise produkované vokoli stanice byly hodnoceny pro okresy Most, Teplice a Usti

nad Labem. 10Wroce 206 dominuf (8 %) fugitivni emise zpevnych paliv:

tézba a manipulace s uhl im. Tyto emise vSsSak
ovzdusiice Chrsacdukované té&zbou vznikaji uvnitt

vyznamné mnozstvibse Naadleemi poadihl ee&lMo 25, 5 % | oKk
vefejn4d energetika a vyroba ¢thkeyllyy t(\OdJrrenyZ)ze(
% préaveéemekttdejné energeti ky ayvwyhbwnby ht emlfd .z
se podilely 25,7 % a chemicky pr admy sl 17 ¢
byl a vefejnad37ener¥%)et ix0 6 % se podllel chemic
mineralnichnekovow ch pr odukt 0. D o p rxpodilala 11,8 %.n emi sich

2.45% 2.15% 4.13% 1B1a - Fugitivni emise z pevnych paliv:

Tézba a manipulace s uhlim

3.58%
6.06%

1A4bi - Lokélni vytapéni domacnosti
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.22Podil zdrojl0 na wdl kogsgkhoemvéhohCPMneéni

Klasifikaci pro reporting (Nomenclature for Reporting- NFR) v okresech Most, Teplice,
Usti nad Labem, 2016.

VYSLEDKY

VIiv moznych zdr ojjednotivich yelikasthigh skiigingch ibg v
posuzovan na zakl adée j ejich cetnosti vyskyt
Pfispévek Kk pocdtu c¢astic nukl eadmeznB35°an6du s e
315°, nej vice vsSak pfi JV vétru. To naznac
produkovanych zpracovatelskym petrochemickym zavoderma po®&®ti ¢ nukl eacn
moé du . VIiiv meést a tepelnych dlegltyrs&rienpitiaslpé&:
kpoCtu castic byl zaznamenan prfti SViométru u a
pfripadé se pravdépodobné jednada o viIiiv nedal el
shodné nej vySpSocCtpuf icCsapsetvieck pki i SV veétru avsSak
registbovan i pfi JV a J etru (Obr. 3).

Vysl edky ukazuj i, Ze mérf enou l okal itu A
zpetrochemi ckeého kompl exu, kde dochazi k e Zr
vyznamné zdroje jsou teplarny, dchopéhadola a vyt

se vyrazneé neprojevil
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INTRODUCTION

Atmospheric aerosol (AA), and its influence on the clouéormation, 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 (Collettetal., 2008 Zi kova and Zdi mal , 201
Cloud processing of AA (and vice versa) can be described on fogs, or on low clouds
present at a suitable station. An exampl e of

present for al most 55 % ogfvingtalgeat oppontenity foF i S 4k e
explore the changes in the particle size distributins due to the cloud processing.

EXPERIMENTAL SETUP

The measurements took place at the meteorological observatory of the Institute of
Atmospheric Physics of the Czech Acadgmof Sciences, located on the top dhe
Mil eSovka Mth, A>H058'354'8°, 837 m a. S . . ) .
meteorological data measured continually, and additional measurements on physical
and chemical characterization of fog (visibity 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 um was conducted using
Scanning Mobility Particle Sizer (size range @00 nm, 110 size bins, SMPS 3936 L, TSI,
USA), and Aerodyamic Particle Sizer (size range 0-20 um, 52 size bins, APS 3321, TSI,
USA). The time resolution was set up to 5 min, to be able to describe the réale
changes in the particle number size distributions. The data were sampled during a
month-long campaig from 18.10. to 18.11.2013.

The sampling system consisted of noheated 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 receptomodelling 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 fogelated variables.
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RESULTS ANDONCLUSIONS

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
contributio ns 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 binodal 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 | |

300
1

200

—_— —— }
-

APS mode concentration [#/ccm]

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

Figure 1: Boxplots of APS modes divided according toglog 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 largsurface sources, like
coal strip mines, is usually caulated 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 aatge strip mine, eddycovariant
measurements by an unmanned airship, carrying an aerodynamic particle sizer, were
conducted at heights 58800m aloft a large lignite strip-mine Bilina in the Czechia in
winter 2017/2018. There was a critical height at 350m &ove 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 monomdal distribution at higher
altitudes. Mass of submicron particles was constant (Xfgm=3) up-to the critical height
while significantly dropped (5mgm3) above the height. In contrast, proportionality of
supermicron particle mass linearly decreased from 90% (max ~6mgrd) to 25% (1ngnr
3) at critical height and were constant at higher altitdes. Also, single technologies were
detected as rather narrow columnar plumes ugo 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 enwvonment under meteorology condition
of the measurement.

UvoD
Znalost dynamiky prostorovéhor oz | oz eni castic avmeans f ér i c k €
vrirstveé atmosfeéry nad vel koploSnym zdrojem aer
mohutnosti zdrojd znec¢isténi ovzduSi

METODY MERENI

Méreni prostoroveéeho rozlozeni mezdsst eé at mos
atmosf éry bylo provedeno s pouroictie Cdnaylnk owzét |faik:
15k g, 10Hz GPS dlektrhnaotory s vrifdeomhspm &@m@& nnou osou r ot a
cestovni rychlost kolem 5mst. Letova méfeni probihala nad i
hneéedél i Bilina (50.57281N,600h hadé et 8idn) ve Vv
svertikalni/horizontalni lokalizaci dat kolem 5m ve dnech 11. a 180.12.2017. Letova
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mérfeni zahrnovala stanoveni

vel i kosl15mi ch d
(Aerodynamic Paticle Sizer 3321, TSI) $rekvenci 1Hz.

VYSLEDKY A DISKUSE
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Obréazek 1. Vertikalni profil velikostnich distribuci aerosolu nad povrchem lomu s
rypadlem (vlevo) a bez rypadla(vpravo)
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Obrazek 2. Vertikalni profil koncentraci PNb (vlevo) a PM (vpravo) nade dnem lomu

ZAVERY
Z analyzy dynamiky vertikalnich profild
yplyva, Ze teézebni technol oagneznyi oaptylenzad r oj €
e vyznamny podi hvomadkudnckomowama) PMzdr oj e a
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INTRODUCTION

The atmospheric boundary layer (ABL) isthe part of the troposphere directly
influenced by the properties of the Earth surface. The ABL thickness reaches from
hundreds of meters to a few kilometres. The dailgycle of the ABL height is primarily
result of interaction between incoming solar radiation andEarth’ surface heat fluxes
because a turbulent motion is dominat in this layer. Air pollutants are generally
emitted from surface and their measured concentrationsre 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

Evaluate d data were recor ded at Nati onal At mo
(NAOK—49°34"24"N, 15°4°49"E, 534 m a. s. |.) locatedthe NW part of the Vys
Region. NAOK is equipped by a wide range of modern instrumentation intended for
measurement of selead gaseous pollutants concentrations, atmospheric aerosol
properties and meteorological conditions. Within this study data recorded by Scanning
mobility particle sizer (SMPS— IfT TROPOS) and Ceilometer (VaisalaCL51) in 2016
were evaluated. SMPS measuwseparticle number size distribution over size range 10
800 nm. Ceilometer uses a pulsed diode las€iDAR (Light Detection And Ranging)
technology. Laser pulses (wavelength of 910 nm) sent out in a vertical direction are
scattered at particles in the atmophere and the backscattered light is detected (Wagner
and Schéafer 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 aeroselayer heights and three
cloud-base heights. Firstly, the lowest aerosdhyer from instrument output was defined
as the height of mixing layer (part of the ABL). Secondly, last two aerodalers were
used to determine the height of ABL. Default data time resolatn 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 ANDONCLUSIONS

More and less dilutedconditions of the atmospherewere 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 undemore diluted
conditions. Mixing layer started increag after 6 AM and after reaching maximum value
(1500 m) around 4 PM, decreased to initial heightof 750 m. Boundary layer ha the
same evolution. In contrast the total number concentrations (TNC) ha opposite daily
development under these conditions. The rising height fothe ABL was followed by a
drop of TNCdue to the dilution (Fig 1 a).More or less constant height of the boundary
layer and TNCis typical for less diluted conditions. Although theincrease in TNC after
the ABL height decreasin the afternoon is also vsible (Fig 1.b).

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

| | | | I |

2000 @ ~5000 2000~ —— —— Mixing Layer 5000

b = Boundary Layer
" === Total Aerosol Concetration
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1ooo—>%>4\_\/7© 3000
500 —\f\/\’\— 2000
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Fig. 1:Daily evolution of the ABL and TNC abov@) and below (b) daily median of
mixing layer heightin 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 ordeliberate 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 (PM.s),
causing almost 430.000 premature deaths in Europe each yearad.2 million globally
(WHO 2016, EEA 2018). Key contributor to PM 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, Pl¥ls levels do not show mtable 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 dueotmild test
procedures, obsolete instrumentation, relaxed limits and ways to circumvent it (Kadijk
et al. 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 emntters, 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 emission€Q, CO and NOXx
using FTIR. C®was used to determine speific 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 viele 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 GOneasured is gaerated 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)/200km 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 identifiddr example
vehicles that should have DPF but it does not seemeanational could be identified.

Initial study was conducted in Prague in October 2017 in two lo¢®ns —ramp to
Hl & v k 0 vandnrangptfrom Povitawskd to VHol|l eSovi ¢kach. Addi ti
conducted in May 2018 in cooperation with Police and Ministry of Transportation. In
this secondstudy the roadside measurement described above was used to pselect
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. Preselection of passing vehicles using remote sensirgexhaust plume
roadside samping

RESULTS ANOONCLUSIONS

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 vebie 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 vehicles2/3 compared to 1/3 of gasoline.
Good news is that half of them are newer vehicles equipped witbPFE. Hence on the road
is 1/3 non-DPF diesel, 1/3 DPF diesel and 1/3 gasoline.

Vehicle emission analysis requires measured datatime 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 (510Hz) 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

21



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. Tocomplicate things further still, due to technical restrictions
the camera capturingthe passingvehicles did not point to the inlet of the sampling line,
except for a brief period in the initial setup trials. Distance betweermprobe inlet and
camera capture point was only 1015 meters. However, given variable vehicle speed
that resulted in additional £ 1s variation in sampling delay. Unfortunately, that rendered
most of the emission data unusable. Thereforeemission data for aly about 2000
vehicles could be assigned to a particular vehiclestill 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 diluted
or had concentrations below the detection limit.

Key finding from the analyzed datais very uneven distribution of emission
contribution: 5% highest polluters generate 50% of particulate emissions, both PN and
PM, see cumulative distribution & 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 pekm
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 mostfahem 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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PM Emissions calculated per 1 km
PN, PM [#/km, mg/km]
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Fig. 3: Specific PM and PN emissiorgzombining measured data and fuel consumption
From the above results it is apparent that efficient air pollution improvement
measure would affect small percentage of vehiclghat would have to be fixed or kepbff
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 fromthe 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 measurd organic compounds were the highest from the
combustion of fuels in the oldest overfire boiler.

UvoD
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METODY MERENI

Spalovaci zkouSky byly provedeny s hnédy
spalovacich zafizenéekaspal owddniSnfijcmme rpoudinti yn
Pouzité spalovaci zatfizeni pfedstavovaly |
(prohofivaci a odhofivaci kotl e), tak tak
kotl e) Spal ovaci zkouBky ®bdybawdapmrobiveaadearyy cz
303-5) . Spaliny byl y z kot !l 0 odvedeny i zol
pozadavkd) k Ffedicimu tunel u. F?edici pomér
spalin Odbér vzorkO spalin priediacsilmedneén
Spaliny (TSP frakce) byl y odeblrany I zoki
podrobeny analyzam organickych sl oucdeni n,
polycyklickych aromatickych uhl ovodi ku (PAL
mar kerd (hopany), pomoci kterych | ze ident.i

Ve vzorcich (kfemenné filtry) byly kr omé
Extrakce filtrlQd probihaly smési hexan/ dic
frakcionaci andyzovany pomoci GeMS ( Kf tmal a kol , 2013; Mi

VYSLEDKY A DISKUSE

Emi sni faktory <¢astic (TSP) a organickych
spalovani ve starych typech kotl O neZz.v mo
hnédé wuhl i a cerné uhli. Nejvyssi e8i2 se ¢
mg/ kg) a CernébBd wmbl/ kglazpllé&devsSim v konst
(prohofivacim). Naopak emisni faktory—-Céast.i

468 mg/kg) a koncentrace mnohaor gani c k y c hyly spbdolimiem rdétakce

anal ytické met odyozdiluDlev ojdienmy t ohios @b p¥i kl ad

konstrukce kotle a odlisdny zpUlsob spalovani
plynulé,pr ot oZe palivo je v menSich davkéach pf¥i
paliva nékol i Su@dda kancmemturtauc.i v3Sech analyz
hopany, allan y ) t voR lhamoa h o &1t i TSP. Suma emi sni c
pohybovala mezi 0,01 a 219 mg/kga pro alkany mezi0,009 a 115 mg/kg v zavislosti na
pouziteém kotli a palivu. Sumy emisnich fa
spalovani uhli) byly7mgwkgohem ni z28i, tj. 0,00
NasSe pozornost byl a zaméfeama chiyeltewmAirrme
ndsl edné stanoveni di agnostickych pomér a,
emi snich zdrojld ¢astic v ovzdusSi. Di agnost. i
index) byly pfiblizné shodné s b®dinokampomeé
pro al kany a p“bQ/de/vsnlamppirko hPAW élitemtdil eéPALI é o d
vzni kaji predevsim pf¥ nedokonal ém spal ovar
uvadené v jsduivysiedkem spaldovani pallv v kamnech a krbech sastatkem
vzduchu (dokonal é hofeni). Cilem nasSich exp
domacnost i, proto bylo palivo spalovano v |

vykony (cca 30% a 60%).
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m HU 30-40% TSP
W HU 60-70%
m HU 95-105%

B CU 30-40%
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automaticky odhofivaci

B HU 30-40% PAU
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HCU 30-40%
OCU 60-70%
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ZAVER

Nejvyssi emisni faktory bylaySnhahezgmpechpf
vSechna paliva. Kromé stanoveni toxi ckych
(markery), pomoci kterych | ze urcit zdroj é
Zji$téné hodnoty diagnosti ckycshe ppoonhéurtant &
spalovani hnédého a ¢cerného uhli v domacnos
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VZNIKJE . , #( | <3 4) HOVANIBIOMABY LABORATORNICH
PODMINKACH

Jan P OLlKAsthaKiRABOVA Barbora SCHULLEROVYA
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2Ustav soudni ho i nzeadrnickkyBvn¢ Vysoké ucer

KI'if Covdesmhévaamlsoveedri 8&v o, SMPS, TGA

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 combnes the thermogravimetric analysis with detailed monitoring of
the size distribution of fine particles produced. The cool aerosol stream leaving TGA
enters aScanning 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
Zneci Sténi ovzdusSi emisemi ze spalovacich p
souasnosti. Vyznamny podil na tom maj i I ma |

je navic pimopa@éeahvzhor S§enych kowmkhinpct yl ovych po
snizkou vy&kauvkedbkmiyym mnozstvim uvolnénych zne:

e

j sou procesy spalovani biomasyépbvazpvVvapwupdeah
vzni ku jemnych <¢éastic, jejichz vznik zavisi n
vihkosti, typuspd ovaci ho zafizeni a podminkéadch spal ové
spalovani jsou ¢as setrvani hoflavé slozky ve
turbul ence a nsomagtawin ék Ydolbiek lexi stuj e nékol ik
avyhodnocovaf, mmnefs kopt , emnoleskindd étal.t201¢, (

Hovorka etal.2015).J emné C¢Cé&astice uvolnované pfi spal ova

velikosti, ale i fyzikalnimi

a chemickymi vlastnostmiCilemt ohot o pfi spévku t
analyz7usSMPS pfistrojem pro detekci jemnych ¢€a
j emny c h hrdadnestnihaubyaku vzorkuvl abor at orni ch podminkéach

pfispétkkvému porozuméni déju, které se odehr
v realnych podminkach.

i imetrickpy o p o j i t e
st

METODY MERENI

Tento | aboratorni postup kombinuje termogr a
Pod pojmem termicka analyza rozumime vesSkeré
pozorujeme zmény sl ozeni a v |palsstonboesntéi tpeopzeol rnoy
zat €zoVvVIGAI mumoznuj e ur ¢i t tepl otni i ntervaly
hmot nosti V souvislosti s rdznymi procesy, |
daného vzor ku. Béhem méfeni pfistroj ofl GA mon
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ztr at u. Méfeni

teplem a identifikuje jJjeho n
TGA kfivka z
z

NETZCH Jupiter FA3Vy sl edkem méfeni | e n
k-

za&dvi sl osti na teploteé vzor kuvzorkijsoy rozp&lené | o
vie st ované .Rrouch@aeosaduivstupuje do SMPSSEanning Mobility Particle
Sizen kde docha2| ke tfridéni jemnych c¢astioc
urc¢ena | ejichafikioznecreint T@Aea SMPS byly navzaé
vodvou si |l i konovou hadi Ckou a dél ce 1,5 met
procesu spalovani vzor kU bukovéiBhPSdVWodel a b
3080-El ektrostatické klasifikatory vietné CPC
Charge
neutralizer
i Detection
) \III/III
Ao OO OO )
cor%l;?srgtlion
CPC
DMA
Obr . 1: Experi ment &l m-Hv | ,eavsot g e rsit rmg 7 iTcGA aa
Tab. 1: Charakteristiky bukového dfeva
Materidl | Hustota | CPSaN Lignin |Holoceluléza 1° 6LOA
vody celuloza
Bukove | 730 15196 | 20% 78% 50% | 2%
df ev q kg/m3
Byl i méfené 3 ruzné velikosti b (milp wetkipo dFf
stfedni) . Detail ni rozméry jsou popsaneée v
dekompozice, rychl ost hofeni, Ubyt ek h mo t
Experiment dal ni méfeni probihave wzduchw a O\
i nertni atmosféfe s dusi kem.
Tab. 2: Popis vzorkid
hlyEoS  aivs Vaha Povrch
vzorku
L (Large) 20x13x2 mm 280 mg 652
M (Medium) 20x8x2 mm 150 mg 432
S(Small) 20%3x2 mm 80 mg 180
Méfeni jemnych Céasti pfistrojemchSphlEe®u pr ob
dobu teplotniho ovli neni vzorku bukoveého



VYSLEDKYDISKUSE

Teplotni program termogravimetru byl nastaven na dobu 1 hodina a 32 minut.
Vzorek bukového dfeva BGZaminuumé maxim&ind teptojpuc hl ost i
650°C. Setrvdai vzorku pfti této teploté bylo 30 mintu
produkce jemnych C¢Céastic pfi tepelné dekompozi
byt vyznamna pfi bilCi, Zrced Zodsdpuaipdwd nsi npGvllihvkéo.s t i
Nasl|l eaxé méal ni produkce jemnych C&as°Ciazbyloa s
teplotu 250 °C. Vrozmezi teplot 300 — 340 °C byl sledovan nahly pokles produkce
jemnych C¢céastic. Jejich vyznamn°€jGdiétotepglatyu st op €
dochazi kposunu maxima produkcekme n$Si m vel i kostem ¢astic, pfi
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Ve

Obrazek 4 znazornuji pocet jednetlivpchyvelikostc ast i ¢ p
i

vzorkld pfiCtemhoz&t¥00j emnych ¢astha zAavi s
velikosti (tvaru) vzorku. Zatimcovi nert ni at mosf éfe je produkc
Ggmérna vel i kpofsitpia dvéz ovrzkduu,c hvu j e t omu opacné.
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ZAVERY
Vysl edky uvedeného experimentu pfinéadsi dv

produkce | e mozgeaziteplot28)+360°C. Teno jev byl zaznamenan
hl avwé@&t §ii ch vz or k.ouvisttb fedy eadikosti ativrem vzorku.

Jednimzmo Znych vysveétleni tohotsoi |jiekvoun g vey ckho nhdae
pfoichl azovani aerosol u. Dr uhytm cj epvieim tGeep | port oé
Zatimcovi nertni atmosf éfe je jejich produkce 0
vzduchu je tomu opacné. Tento jev souvisi s
povrchem. VyS§38i produkce jsthké shgemasabsenct v z or k u
vyrazného pokl esu pr odu3Rx'@Vyslalgtohooo pfFi tepl o
experimentalniho méfeni budou pf evdyrhéotuen nd a |l
chyb méfeni zplUsobenyolk preideadnecpakomdaeamz pd
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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 indstrial 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 arehave 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/mn. Such legislative measures are compelling
the producers to make steps to decreaséoiler’s pollutions. However, itis hard to
achieve the desired resultdy optimization of burning processesonly. 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 mostperspective. 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 precipit@gon 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 equipmentsishown onFig. 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 boilerwas about107 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 colleting 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 voltaggth
value about 12 kV. Mass concentrationwere measured due gravimetric method, based
on the isokinetic flue gases sampling andurther filtration by pre and post weighted
filters, due norms ISO 9096 and EN 132484. Respective sampling point was set
consequently behind the ESP and samplings weprovided 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 conuation 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 patées concentration.

Numeric particle concentrations measuring washeld 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 detiled 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 O 40,00 13,34

Sulphur S 0,05 1,01

Water content H20 6,00 22,00
Ash A 0,39 59
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THEEXPERIMENTR®ESULTS, 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 precleaned by ESP. The experiments were
provided under the conditions due the All samples expanded data about evaluation of
ESP effectivity are given imab.3.

All samples expanded data about evaluation of ESP effectivity are giveniab. 3.

Tab.2 The coalcombustion 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’ effectivityin coal combustioncase
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 ESP on ESP off ESP on ESP off ESP on
Ach concentration mg/m3n 37 8 35 8 34 8
ESP effectivity % 78,4 77,1 76,5

In the background of expected masgoncentration declining, the numerical particles
concentrations’ growi ng was detected. Det ec!
concentration growing has its reflection inFig. 3.

Fig. 2 Coal burning full power case samples filtes.
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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 furtheffig. 4. It should also de noted, that all
samples were made in similar (with deviaton less 5%) experiment condition, such as

boiler power output, flue gases temperature, quantity and their under pressure in
chimney.

6,0E+06

1 EO OFF 9:59-10:38

5,0E+06 -2 EO OFF 11:26-12:03

e D

3 EO OFF 12:43-13:23

4,0E+06 =1 EO ON 10:51-11:15

2 EOON 12:11-12:37

3,0E+06 =3 EOON 13:28-13:53

2,0E+06

particles concentration, [#/cm3]

1,0E+06

0,0E+00
0,005 0,05 0,5 5
particles diameter,[um]

Fig.4 The coal burned case. ELPI+. Numerical particles distributions with ESP on/off.
In case ofthe wooden pellets combustion, there were taken several alternately
samples with off and onESP switcling. Only two samples were selected out due the

stability of experi ment condition. The con
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 expande®ESP effectivity data in expressed with decreasing of mass
concentration is summarized for those samples iifab.5.
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Tab.5. ESP’ effectivity in pelletsombustion case.

Filter's number 190 191 193 194
Samging start h:min 11:09 11:44 13:10 13:48
Sampling end h:min 11:39 12:15 13:41 14:18
Remark ESP off ESPon ESPoff ESPon
Ach concentration ~ mg/m 3y 21 5 19 6
ESPeffectivity % 76,2 68,4

The accepted filters” photo is presented inFig. 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 ESFhe decreasing of
numeric concentration distributed by fractions is presented on

Fig.6.

Fig.5 Pellets combustionfull power case samples filters

6,00E+05

5,00E+05 ’:A =1 ESP OFF 11:09-11:39 | = |
/ =1 ESP ON 11:44-12:15

=2 ESP OFF 13:10-13:41
\ =2 ESP ON 13:48-11:18

4,00E+05

3,00E+05 ll

2,00E+05

particles concentration, [#fcm3]

1,00E+05

0,00E+00 —‘—/ " —\-\L

0,005 0,05 particles diameter, [pm] 0,5 5

Fig.6 The pellets combustion case. ELPI+. Numerical particles distributions with ESP
on/off.

Affecting of the ESP employing on thearticle 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 m. That changinghas been
noticed only in cases of coal burning, and has not been accrued whilst the pelletsre
combusting. Meanwhile, content of ash in flue gases was has been supposedly reduced
by ESP for 7880 % in mass concentration meaning.

As a reason of that digressionthe 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 S©up to SQ. The existence of
this oxide, coupled with flue gases humidity, accuse the nucleation of2$0 drops.
During the ordinary conditions of the flue gases- when the ESP is switching off this
acid drops find a condensation on a surface of suspended ash particle evenly. Thus runs
the heterogenic nucleation with the ash particles as condensation nuclei. By ESP
switching on, all the ash particles are precipitating with certain effectivity. The adence
of sufficient particles” array leads to nucleation is becomes a homogenous. In other
words, in the ESP particles are separating, but conditions in flue gases are such, that
mount of particles with diameter about 17 nm are nucleatingThis possibility of new
acid particles nucleating mast be considered in a new cleaning apparatus design, in
meaning of its efficiency and ensure reliability and working life.
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OXI$! 1 .~ 0/ 4%. #SFERICKEHD-AEROSOLIAKO INDIKATOR TVORE
ROS

Hana BARB&®RI ROVAI 2 WkakdBGRO®A Jozef KRAJCOVI C

'Vysoké uceni technickeé v Brneg, Fakulta chem
zivotniho prostf t elitd xchaBorikoweh@fdb.eusdza Repub
2Ustav analytické cBrenmoi,e CeVs IGGR,Revp.uvb.lii k a

3 Centrum dopravniho vyzkumu, v.v.iDi vi ze dopravni infrastrukt
prostfedi, Brno, Cesk& Republika
Kl i &Slovmder osol , Oxi &ang Dithiottpettdd e nc i &l ,
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 oxidizarget molecule, has been
proposed as a metric that is related to biological responses to PM exposuresor
determination of the particulate matter oxidative potential are currently used different
assays. The aim of this study was to determine the totaletal concentration in PM and
PMs aerosol in winter and spring period and investigate role of metals in oxidative
potential of particulate matter.

UvoD
Aerosol ové <Castice (PM, Pardti mad fad fee Malk & ah
mi mo | i né igokickél Koeynkteréymohou do lidského organismu vstupovat
prostifednictvim inhalace a zplUsobit vazné zdr

adsorbované na PM mohou vytvaret reaktivni

Oxygen Spejsou edng r a kciokzaly vytvorfené z mol ekul vy
neparovy elektrona sl ouc¢eniny kysliku, ze kterych mo
koncentrace ROS pifesahne koncentraci antioxid
k oxidaci dal $i c hr abusmneEkmprcds tsil oEM ko x iMdo v at ur
oxidacni potencial) je indikatorem tvorby ROS
na zdravi (Charrier a kol. 2012).

METODY MERENI

PviaPMsaer os ol byl paralelné vzorkow&arldpomoc i
DHA80aDHA77 (Digitel, prih)kna zdiutcthac 8l0ulm zov é
150 mm, porozita 3 um, Sartorius) ve 48 hodinovych intervalech v zimnim (12. —

1.3.2018) a jarnim (18.4.—2 .5.2018) obdobi.

Hmot nostni koncenlta aaoegirearea mestorlitc kypbyna zakl ai
hmotnosti filtrG pFfed a po expozici.

Filtry s navzorkovanymi aerosoly byly rozst
rozl okgsalvné dusi c¢né vyuzitim mikrovlnného r
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extrakt b y | analyzovadn na cel kovy obMdaahtrojifymdnot |
kvadrupélem (ICRMS 8800, Agilent).

VIiv kovl na oxidaci dithiothreitolu (D
roztokld kovid. Standard kovu pM)VO0.1Mrfokfatdvéomv & n [
pufru o pH 7,4 (celkovy objemIdml ) po dobu od 15 do 90 minut
i nkubacni s mMmé B0% triphforioaoaénkysdliny. Po promichani bylo 0,5nl
SMeési odebr an o u&ysding b,6-tithiobis -2-sitrol2e 5zooveé a Iml 0,4 M
Tris-HCI (pH 8,9) obsahujici 2onM EDT A. Ubytek DTT byl mer el
pomoci UMWWI S spektrofotometru (DU 520nm(@eak man
kol., 2005).

VYSLEDKY A ZAVER

Prdmérna hmotnost n aeroddo nzimmimtobdabd €21,9RgVn3)
byl a téméf Z2amimwlydsbs (L1,5pgemB). W PM;s byl pozorovan podobny
trend: pr Gdmér nzimnikn obdabie30,4pg/ra 3¢ vgarnivn obdobi 16,0ug/m3.

Castice meést skedrhkoi PM a PMeshyly analyzovany na obsah 21
prvkd (Cu, Pb, Ccd, Mn , Fe, Cr, V, Co, Na,
Koncentrace Vvév®Wun PMkaenwsdlu myilmni m obdobi vV €
viarnim. Chemickeé slozeni aerdso] uchezrmwacdci s
ovzdusSi a meteorologickych podminkach.

Dosud byl zméfen Ubyhka@&ti OKtdW fkromn kg téd mda rCdiy
Co,V,Pb,Fe, Ni,Zn,CdaCh.&st ovanych kovl zpUsobuji ne

mangan. N a o p dowek DT jbyh prokdzén ulstandardu s Cd a Cr, u kterych
nebyl o moZné prlikazné zméfit Ubytek DTT.
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GerhardLAMMELL2, KlaraHILSCHEROVA ZoranKITANOVSKE, PetrK UK UG K AJ i F i
NOVAK, PetraP R| B Y L, GAfpA PCODLING, JarKUTAL, BarboraN E Z | KOV A
ZuzanaNOVAKOVA, RomanP R O KIE S O nSIA Nel MarcoWIETZORECK

IMasaryk University, Research Centre for Toxic Compounds in the Environment, Brno,
Czech Republic, lammel@recetox.muni.cz
2Max Planck Institute for Chemistry, Multiphase Chemistry Dept., Mainz, Gaany,
g.lammel@mpic.de

Key words: PAHs, NPAHs, Oxygenated PAHs, Aerosols

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 ty@tfor 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, partiel 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. FinlaysofPitts and J.N. Ris, 2000; EU Working
Group on Polycyclic Aromatic Hydrocarbons, 2001and quinones, a prominent class of
oxy-PAHs (OPAHS), contribute to reactive oxygen species generation upon particle
deposition in the lung (J.G. Charrieand C. Anastasio, 201

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.Lammelet al.,2017).

EXPERIMENTAL SETUP

PAHs, NPAHs, oxygenated PAHs QPAHs including various quinones) and
nitromonoaromatic hydrocarbons (NMAHSs i.e., nitrosalicylic acid,-phenols and -
catechols) were determined at two polluted urban sites, Kladno-Sv er mo v
(50°10°02"N/14°06°42" E and OstravaP f i v(04z9 ° 51" 23" N/, the °latted = 1 1 " E)
being a hot spot of air pollution (P. Pokornaet al.,2015), anda rural site, Ko S et i ce
(49° 347 24" N/ Thé sahpling digcrimihated between pases (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 0.4@nd 7.0 um).

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

The bioavailability through inhalation of the sampled PM was determined by
analysing the fractions leached in artificial epithelial lung fluids namelyartificial
lysosomal fluid (pH 4.5) or a modifiedGa mbl e’ s sol ution (pH 7. 4
contains proteins and phospholipids at realistic concentrations)

RESULTS

In winter time, concentration levels are higher by one oder of magnitude than
in summer (Table 1). The carcinogenic BaP and D&)P levels in winter were high, = 4
and =2.5ng m3, respectively. At the urban site, 4itrocatechol (4NC, up to 0.19 pg rd)
dominated NMAHs and @BAA (up to 009 pg m3) OPAHs. OPAHs are found to be
distributed evenly among gas and particulate phases in bothinter and summer, while
NPAHs are found to shift from particulate in the winteftime to gasphase in the
summer-time. The mass size distribution of thearomatic compounds peaked in
submicrometer size fractions (PM; Fig. 1)

Table 1: Characteristics of arent, oxygenated and nitrated aromatic substance classes in
atmospheric matrices. (a) Total, gs + particulate, concentrations in air (ng m?; in
brackets mixing ratios in PMo, ppm), together with other major organic sum parameters
(ug m3) and meteorological datg (b) particulate mass fractions,0, (in brackets mass
median diameters (um)).

a)
KosSetice winter Kladno winter | Ostrava Ostrava
winter summer

>16PAH 7.9 (415) 51 (3030) 140 (3600) 63 (1550)
>110PAH 0.51 (44) 5.6 (380) 32 (790) 1.25(31)
>1sNPAH 0.015(1.2) 0.064 (3.3) 4.7 (115) 1.05 (26)
>12NMAH n.d. 932(4940) 1012 (2530) 8.82(220)
PMio/ PM2s 9.1/5.9 16.9/15.4 39.9/34.2 40.2/30.1
(Mg/m3)
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)

KosSetice Kladno winter | Ostrava Ostrava
winter winter summer
>16PAH 0.48 1.00 0.38 0.16
(0.16) (0.41) (0.29) (0.24)
>11:0PAH 0.78 (0.089) 0.41 0.42 0.59 (0.064)
(0.82) (0.30)
>18sNPAH 0.76(0.087) 0.96(0.088) 0.87 0.06 (0.079)
(0.14)
>12NMAH n.d. n.d. (0.17) n.d. (0.31) n.d. (0.14)

aparticulate phase only

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

Season PAH NPAH O,PAH Fe
Ostrava
Winter o ' -
g S,;cu:
o
S 40 95 6 lrjr'ww“}’ 05 10 e
0 log D (pm)
Ostrava 02 '
Summer W ] '
é}]l} v
2004 T i )
10 05 00 ‘05 10 0000{ £5 00 05 10 NTM L5 00 05 10 0‘-0 ‘JD mg[g]um) D'S “D
log D {um) log D (um) log D (um) |
Fig. 1:Me a n 1§PaA)H i8N PZA H1OPAH Fe (ng n®), (b) NMAH and NOPAHsub-

fractions’ and TMs,-feadti(ohsPMmasd PSPAHesdbst:
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 «c¢l i matte the ynast effiment(lighe nd et
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 len 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 realime EBC measurements

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

EXPERIMENTAL SETUP

The EBC in PM is monitored from September 2012 to December 2017 at the rural
background NAOK (National At mospheric Observ.
central Czech Republic. Ground based measurements were performedtiwat 5 min
time resolution using a #wavelength aethalometer (AE31, Magee Scientific). The EBC
data have been corrected for loading effect (Virkulla et al, 2007).

Delta-C variable (DeltaC = EBC370 nm EBC880 nm), a proxy for biomass burning
(Wang et al 2011) and Angstr 6 m-vaue)swere palcilated fore x p o n e n
source identification (Sandradewi et al., 2008; Vaishya et al 2017).
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RESULTS ANDONCLUSIONS

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: EBGs7oom= 1. 53 =3 EBGmnm#E gl mOO = & andl Towep \glues
during warmer months (summer: EBGzoom= 0. 45 0. 2d%mmp 0.44mB29 EBC
W g /®m

In winter wood burning is the important sources of BC consitent with the higher
Delta-C  a nvdlueaneasured during this season compare to summer when fossil fuel
combustion isthe main source of EBCThis result is also in agreement with preliminary
comparison with Levoglucosan (tracer of wood smoke), which show that there is higher
correlation between Levoglucosan and Delt&f ( r = 0 ~va8l&)(r =athed) o
observed in winter.

EEBC_370nm MEBC_880nm O Delta-C --3- a-value - 1.8
- 1.6
T =" L 14
4.0 - % r 08 v
o =
3.5 . L 1.2
- A i T
3.0 - 8 _ | 40 ®
= 2.5 o E
£ “ - 04 e | 0B
= 201 u L os
8 15- -0z &
TT =
a]
1.0
O 0.0
0.5
- -0.2
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Fig.1:Monthly and seasonal variation of EBC, Dek@ anda-value at the NAOK
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The di st r ivdilue turing the lonfyterm measurement is depicted in Figure
2. The mevawe (Irle@?2) io summer is consistent with reported value for
traffic emissions (Sandradewi et al., 2008). In winter, increased emissions from wood
burni ng | e a dalue (1.5 a0.2) seg dise Figure 1.

Diurnal cycles of EBC (Fig. 3) is more pronounced 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 noentration in the
evening time with a corresponding maximum DeltaC values that could be attributed to
the increased wood burning.

2.5 -

—— Winter_370 nm —— Winter_880 nm

= & = Sumner_370 nm = & = Sumner_&80 nm

EBC(pg.m3)

0.5-@:.@5@;555g§§@€ﬁ‘gﬁ_@_§_ﬁ.@$§%§q“ g

SELS ISP SSS S

Fig.3:Di ur nal cy cl e 8 duirfg wikt®& @nd §ummer.y g/ m

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 ohtmospheric dilution exists, concentrations still high on
Saturday that could be related to transport and accumulation of pollutants emitted from
the previous working days. EB&onm > EBGsonm is observed during summer on Friday
afternoons and the weekendsvhich 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/DeltaC / -@alue and other parallel measurements of
atmospheric pollutants (CO/NQ) at NAOK
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Ustav chemickych procest AV CR, v. Vv.
KI'i Cova sl ova: Atmosférickeé aerosoly, Cher
SUMMARY

This article discusses source apportionment analysis of fine aerosol fraction
measured by GToF 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 prlibéhu ¢ervenceladaupmaa ida0r2 20d8! sev na
Praze—Suchdol e uskutec¢nily dveé Sestitydenni int
charakterizaci PM1. Nasl edné obdobné méfici
atmosférickk obser vat of i KosSetice (NAOK) na VysocCin
|l edna do bfezna 2014 a druha kampan se konal
Praha — Suchdol reprezentuje pfiméstskou pozado\
pozadovou stani oliku pro Ceskou repu

METODY MERENI

Pomoci Compact Timeof-Flight aerosolového hmotnostniho spektrometru (€ToF

AMS, Aerodyne) byl o béhem v3Sech kampani méf el
hmot nostni koncentrace. Me z i dal §i gsinabézneé g
filtry, méfeni pocetnich koncentraci pomoci S
ziskana z AMS v minutovém rozliSeni byla ocCi:
intervaly a sestavena do matic zobr aupwj i cich
kazdou mmotmoniér hmot nost i ku néaboji) a odpo

matice pak byly analyzovany pomoci softwaru SoFi (Canonaco et al., 2013), ktery
vyuzivéad stati st-Hined enginerME29 d  Paalt teir o, 1999) za
pri nci pu positive matrix factorization (PMF).

midze omezi't obl ast feSeni, na zakl adé Ccast ec
zdrojid aerosolu a tim zrychlit a zpfesnit vys

VYSLEDKY, DISKUSAY ER Y

BEhem | etni Bocmédleni model identifikoval pét
Jedinym identifikovanym primarnim zdrojem byl aerosol pochazejici dopravy
(hydrocarbon-l i ke aerosol , HOA) . Me z i sekundarni Z (
aerosol (semivolat i | e aerosol , SVOA) , ktery se VYyzna
zejména vl et ni ch mési cich ma vyrazny denni trend

aerosolu byl vysoce oxidovany aerosol (lowolatile aerosol, LVOA), ktery vykazuje
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vysokou stabiydh upadmianepki iminier setrvavat v
Zbyvajici dva identifikované zdroje se ses
byl y o02znaCsetrmMih fakta B NG SN f akt or , kde druhy 2z mi
vyrazny denni ¢ hnoceahtrasemivaeo §Siealy mh o d&ionéch.
Béhem zi mni kampané v Suchdolu bylo takée
vysl edném FfeSeni se v3ak objevilo nékolik
zdr oj i se noveée vyskyt|l f a k buming asrpsal,| BBOA) n i b
pochazejicid ok al ni ch topeni $t. Pravdépodobneée d
model schopen rozlisit SVOA faktor. ACkol i
protoze stani ce neni bezprostifednéaniovl i
frekventovanou dopravou, byly modelem identifikovdny obdobné zdroje. V et ni s ez 6
mo d el identifikoval jeden primarni zdr oj B |

sekundarni zdroje SVOA a LVOA s vyraznymi
anorganické faktory SQ + NHs a NQ + NH.. V. zimnim obdobi se o
primarni zdr o] HOA, ktery je vSak pravdép
Faktor SVOA nebyl opét rozpoznan.
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Obr . 1 Korelace primarnich f ankemoNAOK&HOA 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 atmospher¢e.g. Kawamura et al.,, 2004)Here, we present
seasonal v &°N iofatdtal mtrogen (iTNY in &he PML1 fraction of atmospheric
aerosols at a rural background site in Central Europe.

EXPERIMENTAL SETUP

Fine aerosolwas sampled for 24 h every second day from September 27, 2013 to
August 9, 2014 onpre-baked quartz fibre fitersat t he KoSetice erur al b
(N49°35, E15°05, 534 m a.s.].part of the EMEP, ACTRIS, and GAW netwqrks Central
Europe (e.g. Schwarz et al., 2016)With some sampling gaps, we collected 146 sample
which were subsequently analyzed by EARMS (elemental analysis isotope ratio mass
spectrometry) for stable nitrogen isotoper a t i eN§in totall nitrogen (TN).

Nitrogen in collected aerosol was also analyzed for watesoluble ions (NGs-, NH:*)
and content oforganic nitrogen (OrgN) was calculated fromfollowing equation: OrgN =
TN —14*[NOs/62 + NH4*/18]

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

RESULTS ANOONCLUSIONS

Seasonal alNefar @aegp®IsTN aré degicted in Fig. 1 (left) and showlethe
maximum enrichment of15N in summerand the lowest in winer. Similar seasonal patern
has been observedalso in other studies (e.g., Kundu et al, 201Q) however, a large
vari at ®Nant otfh ed K o Scemparisoa with othereworksnsuggestng bigger
diversity of aerosol sources on site, especially in winter and summer.
A compar N with N@f NHd and OrgN revealed that although a higher
contentof NQwas associ at ed WN valuesan TN, &lld and &rghehad n o
the opposgte influences. The highest concentrations of nitrate, mainly represented by
NHaNGs, originated from the emissions #®#Kom bior
val ues of appr oxi mBauring lspying,lthe Yercentagevoi NOtinePM1
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decreased, ad 1°N enrichment was probably driven by equilibrium exchange between
the gas and aerosol phases (N g )  43(p)Nald supported by the increased ambient
temperature (Fig. 2).

The majority the yearly data ®Nanavanbtbiena st r
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’>N enr i chment at the KoSetice sit
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. 2and suppressed
equilibrium exchange between gaseous NHand aerosol NH*. And thus, we observe a
seasonalcycle of enrichment and depletion ot>N in aerosol particles.

During winter, we o0bser veldN vauaswhich daviate wi t h
from temperature dependencein Figure 2 The winter Event was connected with
prevailing southeast windsand the lowe s #°N values wereprobably associated with
agriculture emissions of NH 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).
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Fig.1:Sea o n al t¥PNamTdl 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 c.
5 | the higher % NO3-N/TN . - ’:’o',:

--- 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: Rlationships between temperatue a #NM in BN (right). The color scde
reflects the total radiation, and te larger circles indicate highercontent of NG-in TN.
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INTRODUCTION

Mineral dust aerosol in the climate system has receivedonsiderable 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 liriting 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, conlbuting 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 bekications 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 depodion measurement data pose a
major challenge to assess dust deposition at regional and global scal@MO, 201).
Consequently, data from observations are most important to support the modelling of
deposition fluxes of mineral dust particles. Deposition 10other passive measurement
techniques are used to sample mineral dust from the atmosphere. However, there exists
a mutitude of different collection instruments with different, usually not well-
characterized sampling efficiencies, so the resulting data git be considerably biased
with respect to their size representatively.

The purpose of this study is to assess the particle collection representativengegest
models relating atmospheric concentration anddeposition flux, based orsingle particle
measurenents, proving average diameter, composition, and estimated density.
Moreover, to our knowledge this is the first study to describe the deposition of mineral
dustaerosol( parti cul arly for si ze byrmeansaf @amgle-bet ween
particle SEMEDX Analysis approach.
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METHODS

For this study, we conducted a continuous two month(from July to August 2017)
aerosol collection and dry deposition sampling at Izanalobal Atmospheric Watch
observatory located in Tenerife Island (28.309°N, 16.500°W)Sampling was performed
on top of a measurement installation, approximately 2m above the ground. Aerosol
concentrations and wind speeds varied widely during the samplinggme, allowing for an
accordingly wide value range of deposition velocities/sampling efficiency estimates.

An ultra-sonic anemometer (Gilllnstruments Limited, Lymington, Hampshire, UK)
was installed to obtain the 3D wind velocity and direction and was @erated with a time
resolution of 10 Hz. Airmass backrajectories computed using the HYSPLIT mode&lere
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 (UN@lerived) 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 pasive samplers.

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

RESULTS ANDONCLUSIONS

Over 150,000 particles from 90 samples were analyzed. Only the first paof the
result is reported here. The minimum andnaximum horizontal flux is approximately 15
and 4300mg/m 2day respectively. Comparatively, the deposition flux is lower and its the
minimum and maximum value is approximately 7 and 240mg/miday respectively. Tke
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 adted 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 considerahigher
horizontal flux in particular, it shows higher at coarser particle sizes (see figure 1). For
al |l sampl ers, flux size distributions peak
agrees with previous data.Mendez et al (2016) already suggested thatparticle 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)
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Fig.1: Sze resolveddust 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 magnetiudeof 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: Sze resolveddust horizontal and deposition flux measurement dring 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 partioks 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 tle particle size across the size distribution. Small
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amount of Ferich particles is also distinguished particularly for particles less than 10pm

in size which aggres well with the previous studies (Kanék et al., 2007). Consquently,
this analysis clearly iows 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 typeAs expected, he airmassback 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 aerosofAA) samples collectedin
parallel for one-year at two suburban sites. Chemical analysis of RMand PMo for
elements by ICPMS, for elemental and organic carbon by thermoptical method and
water-soluble inorganic ions by IC was performed. ThAA in Prague air shed was well
mixed and nine common PNb sources of local, urban, regional antbng range transport
(LRT) origin were apportioned.

UvoD
Zl epSenbvkdvaes imméyst ech | e mo pochdpenz adklgdiichd p o k1 ac
mechani smi predevSim pokud se jedna o AA a je
et al ., 2008). Cilem piaoezlyuy&deuwundi radbplilacd r
paral el niho méfeskyycAAponaadooycméstanicich.

METODY MERENI

Odbér 24 hodinoxgPMopvodrih@al RMah mpetradovych
stanicich Libu$8 a Suchdol od dudmnalyaovayon@ 8 do Db
prvkove siMB)enior(gla@R cky a el eopckatmetoda)ia uhl i k
sl o¥enivodé rozpglGstnych iontdid

Za uUCelem vySetienékrbybtpbdodvydédhmpaedmihadni
posti hnout dynanlatekwvo vzzndewsi is.t uj i ci ch

Kziskani chemickych profi lPMolzylr opd@uai tj eja e
Positive Matrix Factorization (EPA PMF 5.0).
model u byl pouzit program R Openair Package.
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VYSLEDKY A DISKUSE

Roc¢nlimérrné konczeaRMowac ki P MS1B.0 o26.915.7 ugn3) byly
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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 levelspical 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 Republibas improved greatly
during past decades, air pollution remains to bea 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 heatingand
transborder sources from Polad!. These emissions contribute to the low air quality
which directly affects human health Longterm exposure to air pollutants can result in
higher incidence of pulmonary and cardiovasculadiseases or cancer. Moreover, it has
been shown that compounds occurring in the ambient aican pose a hazard tadisrupt
our hormone/immune/reproductive system. It is thus very important to assess he
bioactivity of air pollution .

Since the air pollutantsoccur in complex mixtures, it is appropriate to use an effeet
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 awarious toxic potentials and endocrine disruptive mechanisms
associated with air pollutant mixtures (seeTable 2) and their distribution with respect
to 1) gas/PM partitioning II) PM size and 1ll) pollutant polarity.

EXPERIMENTAL SETUP

Two sites were selected or air sampling, Ostrava and Ko
an urban site heavily polluted by industries, transportation and coalbased domestic
heatingwh i | e Ko § et d reg®mnalsbackgvoans.Sampdeswere 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 M
size subfractions were sampled.Moreover, samples were also fractionated according to
polarity (details on samples processing can be found ihable1).
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Human cells-basedin vitro bioassays were employed to studyhe 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 procesing scheme.

Polarity zbased fractionation 2

NF F1 F2 F3

non fractionated non polar semipolar polar

PM mass size distribution

A B C D E =

7.2-10 pm 3-72um 15-3pum 0.95-1.5pm 0.49-0.95um <0.49 pm

Table 2: List of employed bioassays.

Endpoint Description Bioassay Ref. compound
ER Anti-/estrogenicity HelLa9903 Estradiol/ Fulvestrant
AR Anti-/androgenicity MDA-kb24 DHT/Flutamide

AhR Dioxin-like activity AZ-AHRe TCDD
TR Thyroid hormone-like activity PZTRe T3
Viability Cytotoxicity BEAS2B’ -

RESULTS ANDONCLUSIONS

The results show thatair pollutants possess endocrine disruptive potentials and
significant cytotoxicity. Sudied effects were associated mainly withthe particulate
phase. The most significant effects were attributed to the easily inhalable fine and
ultrafine particles. This distribution pattern was found for example for AhRmediated
toxicity (Fig. 1A), androgenicity (Fig. 1C) andestrogenicity (Fig. 1E) The studied txic
potentials were elicited mainly by chemicals in the polar fraction containing relatively
high levels of oxyPAHs.Additionally, significant seasonal variation was observed.

To conclude, his study confirms that air pollutants could affect the health of the
exposedpopulation via different mechanismsand highlights the complexity of pollutant
mixtures. For further understanding, the results will be discussed together with the
results of the chemicalanalysis which focused on PAHs and their derivativesjtro - and
oxy-PAHSs.
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Figure 1: Toxicological profiling of air samples extracts. Graphs A& show specific toxic
potentials assessed in vitro using reportergene bioassays (A = dioxHlike activity, B =

thyroid receptor-mediated activity, C = androgenicity, D = antandrogenicity, E =

estrogenicity). Graphs F H show cytotoxicity for lung cells BEASB measured by 3
reagents (F = CalcerAM, G = Alamar Blue, H = neutral red). Results from reportgene
assays are expressed as eyalent of corresponding reference compound (see Table 2),

cytotoxicity is expressed asan indexof cytotoxicity (1/IC 20). 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

var

abi

ty (winter vs.

summer ) in

background site in winter. All graphs show mean+SD.
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INTRODUCTION

Atmospheric aerosols are a small butvery mpor t ant part of the Ear
The proportion of inorganic and organic compounds in aerosol partiels seems to be
equal on average (Saxena, 1996; Schwarz, 2018Yhile the inorganic composition of
aerosols is well explored, knowledge about therganic part is still very limited. It is well
known that the major part of organic aerosol compound¢Saxena, 1998 is represented
by polar, water-soluble organic compounds (WSOCSo far GEMS is the most frequently
used method for WSOC analysis. @S s 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 GBAS, about
150 organic compounds have been idenidd in aerosol particles. NMR spectroscopy for
the purpose of aerosol chemisty was “di scovered® onlagitis ecent |
rather insensitive method. Nevertheless, NMR has undergone rapid development and
sensitivity gain of late. Moreover, itis 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 subsequenyl 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 . l
PU foam extraction lyophilization
Quartz filter (2.5h) (6h)
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 lyophilizedand the lyophilizate is
dissolved in proper amount of deuterated water containing internal standard and the
sample is transferred into NMR tube. ThéH NMR spectrum is usually obtained inthe
overnight measurement.

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

RESULTS ANOONCLUSIONS

Here we propose to employ the metabolomic approach for the complex evaluation
of aerosol composition. In NMR aerosolomics the assignment dbminant 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 1H NMR spectra of organic ampounds 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 irersol 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 (1Zpmpounds
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 inaerosols.
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INTRODUCTION

The hygroscopicity represents the ability of the particle to uptake water from the
surrounding air. It depends mainly onthe size and the phase state, and therefore
influences several physicochemical properties fo 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 speciesln many regions, organic
aerosol dominates the ambient aerosol masgKanakidou et al., 2005) It is well
established that highmolecular-weight organic compounds like oligomer with
molecular masses ranging from 200 to 1600 gol-, represent an important fraction in
atmospheric aerosols(Hodas et al., 2016; Kanakidou et al., 2005but their interactions
with other inorganic/organic, and atmospheric water vapor ae not well understood.
Moreover, single particle measurements suggest that organic and inorganic constituents
are internally mixed in particulate matter (Murphy et al., 2006) Therefore, nonideal
interactions between the organic and inorganic aerosol frdions affect water uptake
and solubility and, may induce liquid-liquid phase separation (LLPS) into an organicich
and an aqueous electrolyte phas€Zuend et al., 2011)

Here, the hygroscopic behavior of submicron particles composed of ammonium
sulfate (AS), dicarboxylic acids (including oxalic acid (OA), malonic aci(MA)), and
oligomer Poly(ethylene glycol) (PEG00 (-CHOCH-)n) is investigated with a
Hygroscopicity Tandem Differetial Mobility Analyzer (HTDMA), under relative
humidity (RH) below 100%. The aerosol systems were varied in their complexity and
ranged from singlecomponent to more complex systems (23 and 4 components).The
experimental data are compared with predictions from ZdanovskiStokesRobinson

(ZSR) mixing rule(Stokes and Robinsn, 1966)and t he t her modynami c mo:
Inorganic-cOr gani ¢ Mi xtures Functional gr ¢Zuemés Act i vi
et al., 2011)
EXPERIMENTAL SETUP
The schematic otthe HTDMA system is shown in Figl. The HTDMA setup consists
intheaemsol s generation and drying section h un

size selection and detection system. Thavet polydisperse submicrometer particles
were generated using a constant outpout atomizeirom aqueous solution prepared from
reagentplus grade chemicals. The solution was prepared with deionized water (18
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MQ.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 quask
monodisperse particles with a mobility diameter of 100 nm bythe first differential
mobility analyzer (DMA1). The sizeselected particles were exposed to a given RH (40
90%) in the humidified section usingNafion conditioner tubes $ze distribution for the
wet particles was measuredusing the second differential mobility analyzer (DMA2) and
a condensation particle counter (CPC, TSH022A). The ratio of sheath air to aerosol flow
rate was maintained at P:1 for both DMAs. For dehydration cycles, the nearly
monodispersed particles selected by DMAL firstly pass through a nafion membrane
humidifier (Saturator) at 30°C, in which the particles areexposed to highRH conditions
~98% to be sure that all particles are completely in liquid stateThe RH at the inlet of
DMA2 s 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 difhe
algorithm TDMAInv developed by Gysel et al. (2009)Particle hygroscopicity can be
expressed by the particle growth factor (GF)rom the mobility diameters Dwet(RH,
DMA2) and Dury (<5%, DMA1) as follows:

D,,..(RH,DMA2)

Dy, (RH < 5%, DMA1)
Aerosol generation + Drying section Size selection + Detection system
Compressed dry air
————— o N
/
¢ / Humidity o ‘ \\
| Aerosol IN I Monodisperse RH,T , control section I
" | particles (OUT) |
l : (100 nm) ” |
E‘L_,_J - - !
' E

E | DMA1 8_ DMA2 Cj Humidification |

S
a | (bry) I | - (Wet) RHIT |
i TR |
% | ] J I Dry Polydisperse I i
k) | particles (IN) M |
(] l | ) o ) 1l Dary,Ru<s%)  Dwet, RH) |
S L& I 1| RH=10-92% @ 2 |
b \ Neutralizer /\ t=30s-1min e D RmOMAD | (0 /'

L (Kr®3) RH< 8% Dy / \ = Dy, (RH < 5%) (DMAD) 7 )

—————— e e — =

Fig.1: Schematics of HTDMA.

RESULTS ANOONCLUSIONS

Fig.2 $iows the hygroscopic behavior of pure component used on this studyhe
hygroscopicgrowths 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 prediction¢Choi and
Chan, 2002) However, OA particles showd anon hygroscopic behavior Thissuggested
that OA paricles generated during the drying process correspond to dehydrate
crystalline stat (Mikhailov et al., 2009) In the other hand, MA and PE@GOO particles
showed continuous water uptake without sharp phase transition in good agreement
with the previous studies and thermodynamic modelgJing et al., 2016)
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Fig.2: Hygroscopic growth factors of (a) AS, (b) oxalic acid, (c) malonic acid, and (d)
PEG300 particles (100 nm) as a function of water activity.

Asseen in Fig. 3the mixed particlesPEGOAand PEGMA showed slow and gradual
continuous water-uptake behavior under tydration and dehydration cycles. The
disagreement between the hygroscopic growth curves an&lIOMFACcalculations may
indicate a partial crystallization of organc acids probably present in solidliiquid
equimibrium with PEGOA and PE&Ja aqueous solution Note that all organic
compounds are assumed to be in liquidike state all for AIOMFAC predictionsThe
presence of solid organicacids in the mixture is supported by the comparison
measurementsZSR predictions(see Fig. 3a) In Fig. 3a the measured GFs are between
the values determined from ZSRon the basis ofliquid and solid OA. For mixed
PEG/organic acid/AS particles (See Fig. 4), in general, under hydratiamycles, # 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 wate uptake
was observed prior to the full deliquescence compared to PEG/OA/Ad PEG/MA/AS,
since organics may suppress the crystallization of OA and MA in the systemd 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) PEGOA, (b) PEGVIA, with different dry mass ratiosof 1:1.

Upon dehydration, all the mixed systemsrelease water gradually without clear
efflorescence phase transitions The disagreement experimental resultsAIOMFAC
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 residerce time in the HTDMA humidify section may be caused by the
presence of viscosity enhancingerosol components such the PEGOO, which mayaffect
the kinetic of water transport with the particles (Wang et al., 2017) The comparison
between measurements ZSRsupports 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 resuits
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 predictss LLPS at RHs d39.52, 82.50 and 87.57or
PEG/OA/AS, PEG/MA/AS and REHOA/MA/AS. After the full deliquescence, the particles
are expected to separatanto two phases, an electrolyterich phasea composed mainly
of ammonium sulfate, OA and/or MA as a core coated by an organicrich phase (3
composed mainly of PEG300. The two phases are supposed to merge to one phasieeat
RH of the LLPS.

In this study we have studied the hygroscopic belaviors 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 observal even more discrepancies
compared to what is expected from models where a solid component is present
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Fig.4: shows the measured and AIOMFAC and ZSR predicted hygroscopic growth
factors: (a) PEGOAAS, (b) PEGVA-AS,(c): PEGOAMA-ASwith different dry mass
ratios of 1:1:1, 1:1:1, and 1:1:1:1, respectivelyPanels belowillustrate RH-dependent

hygroscopic growth curves shoving AIOMFAC predictions of the number of phasand
corresponding composition at thermodynamic equilibrium duringdehydration cycles.

ACKNOWLEDGEMENT

This work was supported by the infrastructure project of the MEYS of the Czech
Republic ACTRISCZ - LM2015037 and from ERDF project "ACTRISZ RI" (No.
CZ.02.1.01/0.0/0.0/16_013/0001315).

REFERENCES

Choi, M.Y., Cm C.K.The Effects of Organic Species on the Hygroscopietaviors of
Inorganic AerosolsEnvironmental Science & Technolo@6, 2422-2428, (2002).

Hodas, N., Zuend, A., Schilling, K., Berkemeier, T., Shiraiwa, M., Flagan, R.C., Seinfeld, J.H.,
Discontinuities in hygroscopic growth below and above water saturation for
laboratory surrogates of oligomersin organic atmospheric aerosolsAtmos. Chem.

Phys, 16, 12767-12792 (2016).

Jing, B., Tong, S., Liu, Q., Li, K., Wang, W., Zhang, Y., Ge, M., Hygrbsbapior of
multicomponent organic aerosols and their internal mixtures with ammonium
sulfate, Atmos. Chem. Phy46, 4101-4118 (2016).

Kanakidou, M., Seinfeld, J.H., Pandis, S.N., Barnes, I., Dentener, F.J., Facchini, M.C., Van
Dingenen, R., Ervens, BNgnes, A., Nielsen, C.J., Swietlicki, E., Putaud, J.P., Balkanski,
Y., Fuzzi, S., Horth, J., Moortgat, G.K., Winterhalter, R., Myhre, C.E.L., Tsigaridis, K.,
Vignati, E., Stephanou, E.G., Wilson, JQrganic aerosol and global climate
modelling: a review,Atmos. Chem. Phys, 1053-1123 (2005).



Mikhailov, E., Vlasenko, S., Martin, S.T., Koop, T., P6éschl, U., Amorphous and crystalline
aerosol particles interacting with water vapor: conceptual framework and
experimental evidence for restructuring, phase trasitions and kinetic limitations,
Atmos. Chem. Phy®, 94919522 (2009).

Murphy, D.M., Cziczo, D.J., Froyd, K.D., Hudson, P.K., Matthew, B.M., Middlebrook, A.M.,
Peltier, R.E., Sullivan, A., Thomson, D.S., Weber, R.J., Siagiele mass
spectrometry of tropospheric aerosol particles, Journal of Geophysical Research
Atmospheres 111, n/an/a (2006).

Stokes, Rd., Robinson, R.Alnteractions in Aqueous Nonelectrolyte Solutionsl. Solute
Solvent Equilibria, The Journal of Physical Chemisti#0, 21262131 (1966).

Swietlicki, E., Hansson, H.C., Hameri, K., Svenningsson, B., Massling, A., McFiggans, G.,
McMurry, P.H., Petgja, T., Tunved, P., Gysel, M., Topping, D., Weingartner, E.,
Baltensperger, U., Rissler, J., Wiedensohler, A., Kulmala, M., Hygroscapigepties
of submicrometer atmospheric aerosol particles measured with HDMA
instruments in various environments - a review, Tellus B: Chemical and Physical
Meteorology 60, 432469 (2008).

Varutbangkul, V., Brechtel, F.J., Bahreini, R., Ng, N.L., Keywdb®., Kroll, J.H., Flagan,
R.C., Seinfeld, J.H., Lee, A., Goldstein, A.H., Hygroscopicity of secondary organic
aerosols formed by oxidation of cycloalkenes, monoterpenes, sesquiterpenes, and
related compounds. Atmos. Chem. Phy&,. 2367-2388 (2006).

Wang, L:N., Cai, C., Zhang, -M., Kinetically Determined Hygroscopicity and
Efflorescence of SucroseAmmonium Sulfate Aerosol Droplets under Lower
Relative Humidity, The Journal of Physical Chemistry B1, 85518557 (2017).

Zuend, A., Marcolli, C., Boot#®\.M., Lienhard, D.M., Soonsin, V., Krieger, U.K., Topping,
D.O., McFiggans, G., Peter, T., Seinfeld, J.H., New and extended parameterization of
the thermodynamic model AIOMFAC: calculation of activity coefficients for
organic-inorganic mixtures containing carboxyl, hydroxyl, carbonyl, ether, ester,
alkenyl, alkyl, andaromatic functional groups Atmos. Chem. Phyd41, 91559206
(2011).

71



STANOVENI DIKARBOXYOVYCH KYSELINWVZDE £~ 0/ -/ #~ 'EMW@/ 3/ ,/ 6
6:/2+/6!'1 %

Lukas CAPMIAKUAPK Vel
Ustav analytické chemie AVcagdiachvczv. i ., Bron

KIl'i ova sl ova: Di kar box yACDIY, ®tine gnalyed, i ny, Vzor
Atmosféricky aerosol

SUMARRY

Dicarboxylic acids OCAs) are important components of water solubleaerosol
compounds. Aerosol particles are quantitatively collected using a continuous aerosol
sampler, CGLACTJU, into deionized water. The ACTJU effluent is permanently sucked
out from the sampler and online analysed for DCAs content by means of ion
chromatography.

UvoD
Di karboxylové kyseliny (DCAs) jsou dilezit
aerosolovych sl oukysna kné Ve hp ledtemo sk i Ve vod
modi fi kovat hygroskopické vliastnosti at mosf ér
aktivity CCN (Grogean et al., 1978).
Vsoucdasné dobé je ke stanoveni chemického s

zadchyt aerosol G nla nfei latnralay zrma s INeedvrydh oadfofu t oh o
pomérné dl ouha d othnasouvisejwirirkegrald miormaae vdlouhém
casovém UuUseku. Tyto nedostatky Fesi pouziti
vyuzivajici kontinudl nidsleddbcdnyt n@aeanabyZouwove
rozpustné aerosolove frakce.

Prezentovany pfispevek p o pd endipeestarmverd | yt i ¢ ko
dikarboxylovych  kyselin vat mosf éri ck ém aerosol u, pouzi
aerosolového MW€lWW.kovace CGU

METODWE RE N |

Méstsky aerosol (PM2.5)dbyivodypniviercGldlom & ov a
ACTJU dikarboxylové kyseliny byly stanoveny vACTJU effluentupomoci iontové
chromatografie. Vzorkovani probihalo ve dnech 122 1 . cervence 2017 na
Ustavu analytické chemie AVCRt ok ByldapwvdRe nkovr
nasavan pftes cyklon odstbhanum i CURKadsai adslveéd

anul arni difuzni denuder p rkentingabhiba vr zaonréknoi v apCley n r
CGUACTJU (Mi kusSka a koocentrgtu z20 1viz or k\bwsatCwep by | P
kpi stové pumpé (AXP, Di onex, USA)r eke ncveenma apan!
kolonami( 2 x 50 mm, Di onex |l onPac™ ACIldestny Ther mo
dadvkovaci vent il a nasl edn é-21R0, Diamext USA)ésenu c hr o

separacni kol onou (2 x 2450, Tmemp Scemtiicd®Axa | onPac
pfedkol onou (2 x 50 msC, Tiermo Baextific] WSA)P dzorkf A G1l 1
ACTJU effluenttby l y odebirédany v hodinovych intervale
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pficemzZ ve stejném Case probihala eluce z
separaci a analyzowa n i ona toritovém chromatografuPar al el né byl y PM2
vzorkovany v 24-hodinovém intervalu na filtry (47 mm, porozita 1 pum, Zefluor) pro
porovnani 0cCiDnédnlioes thiy Inyetnoédiyeny met eor ol ogi cKk
vzduchu a gl obalni zafeni.

VYSLEDKWDISKUSE

Kontinudalni VACDIUKkmoZafu j @GUkvantitativni z
jemné frakceat mosf éri ckého aerosol u az kaheentrate | i ko
ACTJU byly analyzovéany d ildvéa mblanavy, | jantaréva, k y s e
glutarovda, adipova, pimelova a maleinovd). Pomoci vyvinuté dme metody siontovou
chromatografii jako analytickou koncovkou byly \jednohodinovych intervalech
analyzovéany vzor ky limitg detelcd dikarlmoxywah &ysetinl 027 s
1,74 ng/ms. NejvysSsi koncentrace v ovzduSsi byl
jant ar ov é @)anasleddané kysgiimommalonovou (do 60 ng/s), glutarovou,
adipovou, pimelovou a maleinovou (do 30 ng/rf), Obr. 1.
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Kombinace CGWACTIJU-I C mOZe sl ouzi't jako vhodnéa
sl edovéani zmén koncentraci di lkexosdiuossediném vy ¢ h
case.
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AEROSOL MEASUREMENT:
TRACEABILITY, UNCERAINTY AND ACCURACY
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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 Kulkarniet 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 evalugon 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

Reattime mass measurement of aerosol particles usgoptical 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 sh@e, and response curves
variability, see Szymanskigt 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 anglased 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. Binniget al) or on dte (see e.g. Gérneet al) to obtain reliable
measurement results. Another challenging task is the estimation of final measurement
uncertainty from its major sources, see Walsekt al.

Uncertainty related to elastic light scattering can be examined egpimentally or
using numerical modelling. Open sourcé€&inite Difference in Time Domain (FDTD}olver
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 Migolution for
scattering on spherical particles (see http://gsvit.net).

74

Br nc



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 weltknown properties are neither difficult to perform
nor time consuming, and lead to more reliable measurements.

ACKNOWLEDGEMENT

Aeromet project leading to this contribution has received funding from the EMPIR
programme cof i nanced by the Participating State
Horizon 2020 research and innovation programme.

REFERENCES

Kulkarni, P., Baron, P. A., WillekK., eds. Aerosol measurement: principles, techniques,
and applications. John Wiley & Sons, 2011.

Szymanski, W. W., Nagy, A., Czitrovszky, A., Optical particle spectromeRyoblems and
prospects,Journal of Quantitative Spectroscopy and Radiative Traars10.11, 918
929, 2009.

Binnig, J., Meyer, J. and Kasper. G., Calibration of an optical particle counter to provide
PM2.5 mass for welldefined particle materials,Journal of aerosol scien@8.3, 325
332, 2007.

Gorner, P., Simon, X., Bémer, D., & Lidéh.,, Workplace aerosol mass concentration
measurement using optical particle countersJournal of Environmental Monitoring
14(2), 420-428, 2012.

Walser, A., Sauer, D., Spanu, A., Gasteiger, J., Weinzierl, B., On the parametrization of
optical particle counter response including instrumentinduced broadening of size
spectra and a selconsistent evaluation of calibration measurementsAtmospheric
Measurement Techniqued0(11), 4341-4361, 2017.

75



VELIKOSTNI DISTRIBU®@ | < 3 4ANHALATOR® 7z VLIV NADECHOVE RYCHLSY|
A VLHKOSTI

Luci e ONDRACKOVA, Jakub ONDRACEK, Jana KOZ.

Ustav chemickych procesO AV oftRckova@iopf.cas.cz Pr aha

Kl i Cslova:8DlaDPlInhalatory Vel i kostni distribuce ¢
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
distribution s were measured by APS 3321 (TSI, USA) for three different inspiratory flow
rates — 30, 60 and 90 I/min. Hygroscopicity of particles was determined by comparing
data obtained at laborabry conditions and at relative humidity of 90%. During the
measurements of number PSDs by using of APS spectrometer, weeorded bimodal
distributions for Flutiform and Fullhale and monomodal distributions for Ventolin and
DPI Spiriva. The increasing inspatory flow rate had anegligible effect on the position of
modes of individual distributions. The differences in PSD, measured under ambient
conditions and at RH of 90%, werealso minimal and did not significantly affect the
assumed probability of drug deposition.

UvoD

l nhal aéni aerosoly produkované inhalatory t
(dry powder inhaler) pftedst av plicnimi cheabami,nou sou
jako je astma a chronicka obstrukdanetiem pl i cni
ur ¢ujnicsitno a U0cCi nmosthadé pno alisdea oy i j e velikos:
aerosolu (Byron,1990) Tas e miGZe z@&misit oeti na sl ozeni | éc¢i
relativni vI hkasnthial gitior pf eloh oddyucahBrac dndlygau U st r o]
vel i kostni dizs tnhiab wetdemrpi & ut€iug lea spkodudzniitcih i mpakt
(European Farmacopeia, 200 . Tato metoda je vSak Ccasoveé n
rozliSeni v e | i Altersativaui j&@ oné Fsepneik t v @l i koe pomodi di st r
spektrometrd méficich dobuktperrié ejtas iCapitesera
rychl ejsi a poskytuje vysoké rozliSeni naméfen

METODY MERENI

Byly testovany Ctyfri komer cné doSdznampneé i nh:
inhal atorl spolu s informacemi O vyrobci j e
vel i kost.i ¢ &4 sling spektiomdtr ARS03824 (TSI, USA). Vzorky aerosolu z
jednotlivych inhal atord byly vedenggomptdit rubi m
|l i dského resppradni bboybrakt dgstni dutinou. Vel
jednotlivych inhal adatord byly méfeny pfti priito
podmi nek t = 25 £ 0,5 °C a RH = azamnikh 5 %, K 1
Tinytag. VIiv zvysSené relativni vl hkost.i byl
1% a prdtoku 30 |/ min
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Tab.1:Seznam i nhal d&tord s informacemi vyrobci

Inhalator Typ Aktivni latka (ug/ davka) Pomocna latka

Flutiform MDI Fluticasone progonate (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

VYSLEDKYDISKUSE ZAVERY

Z velikostnich di stribuci naméfenych pr
pritocich jwy SpugtnAdechqva eycklostm &d minimalni vliv na pozici
mo d jédnotlivych velikostnich r o z d éR cewnri ézddily ve velikostnich distribucich
¢ & s,hameé T yehzalaboratornichp o d mi n e k  aRH, foylyiminvnglrsi & riebylo

tak ovliivnéno pravdépodobné mRiFistmédepozi aée
aerosold pomoci APS je dlUl eZjovél iniivitsigdiiyz p ar
tvar velikostnich distribuci. P &omdentracev el kych <¢astic {Bv nas:¢
um) mdze byt ak o ddjida koincideecnv det ek énismalfnn &€ AP
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Obr.1:Vel i kostni d roi
2 za rlUznych podminek.
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Kl i ova sl ova: Nanodastice, |l nhal ace, \

SUMMARY

Nanoparticles of different conposition and sizesare 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 nanoparticlesadult 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

UvoD
Nanocastice, tj . casedoem kbemér gsmenal espd
pouzivaji v béZném Zivoteé pfFi mnoha aplikacic
potravin, vyroba energie, elektronika atd. Ze zdravotniho hlediska jsou nagod st i c e
nebezpec¢né tim, Ze na rozdil od Castic veétsi

proni kat do plic a plicni¢kbjtkEBAnppSkdeepik ki
vyustit v chronické dychaci problémy.

V. soucdasné dobé exinfrmmacj zin ek @emnme st &, Kkt
popisuji intedbakkipire¥yadoéswviecdi né experi ment
nanocCamddtcu kbunék vys§si nez 1000: 1, cCoz je m
které se dand bunka miZezdeaVo€nidokibwviozi PFeav
experimentid je tedy diskut ainvitoexperimeRty &mt ozZe | e
mohou vyznamnym 2z p 0 pradov@mmeatodiky dadmocepi zdravoinich

rizik spojenych spf it omnosti onwandoutSédstailoe wen vimoeveénuj e
experimentidm naleZzité&d pozornost.
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malych ex per i ment al ni c
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é¢ byhamizkoA¥t CRowB&a&mMa speci
uj e provadéeéet dl ouhodobé i
vi fatech tama Cdestdch a Mi
0 byly mysSi Ox@ddnovany

78



PbO, TiQ,k, ZnO, CuO). Koncentrace pprrﬁdocéthfuo veampyea h
pohybovaly vrozmezi 1-3 x 107 ¢ &4 s t B svelikostni distribuci 7-60 nm. Re d éni m

proudem vzduchu byla loncentrace phadodvassttuipcem do i nha
sni zena nab5d®axWnctarsatcsi®eonimal aci byl a pouziwv
40 mysSi, inhal adobi halxypyepoomeBotbymé g8rcdnd 24 h
Exponované my§Si byly postupné v priUbéhu

i nterval ech odebirany a humannim zpUOsobem
vybrané vnitini organy ( pla)keebylyramalzvinynd e d v i
obsah daného kovu (Obr. 1).

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

slezina

/ 3,7%

—
T—_mozek
3,4%

plice
28,9%

Obr. 1 Hmotnostni distribuce Pbowr ganech my§i

Obsah kovu v orgéanech exponovanych my38i by
kontrolniho vzorku myS$Si, k t e r detobenyn @daldraaé i n ¢
organy exponované a kontrolni skupiny my§i
hi stologické a imunologické analyze (napt.
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INTRODUCTION

Iron oxide nanoparticles (NFs) 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 causé&brile 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 investigatedAn overview of recent studies
evaluating iron oxide NPs cytotoxicity, geatoxicity, developmental toxicity and
neurotoxicity was presented by Valdiglesiat 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 animalswas constructed at the Institute of Analytical
Chemi stry of dtd,&010Arfs som® raetheds af NPs generation for these
experiments were already tested in our laboratory (Moraveet al, 2015; Moravecet al,
2016). In this study we testeda method of long lasting generation of iron oxide NPs by
pyrolysis and oxidation of ironlll 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. Totdength of the work tube made from impervious
aluminous porcelain was 1.5 m. Experimental setup was described in more detail at
Moravecet al. (2015). A stream of nitrogen carrier gas, saturated by precursor vapours
in a saturator (), was fed into the rector, where it was mixed with a stream otither
nitrogen (pyrolysis) or a mixture of nitrogen and air(oxidation), see Figure 1 A stream
of particle laden gas r) was diluted at the outer part of the work tube by a diluting
stream (Qvi) of nitrogen (pyrolysis) or air (oxidation). The particle production was
studied in dependence orprecursor vapour pressure(Preaas), reactor (Tr) and saturator
temperature (Ts) and on flow rates Qr, Qs and Qvi. 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 &Getze et al. (1970) from the
equation:
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a2 59434) Q
P.g(Pa)=13332210 ('3 Q—S (1)
R

NPs production was monitored using SMPS (TSI model 3936L75). Samples IiPs
characterization were deposited onto TEM grids, using a nanometer aerosol sampler
(TSI model 3089) and on cellulose, quartz, and Sterlitech Ag filters. The patrticle
characteristics were studied using HRTEMJEOL 301)) energy dispersive spectroscopy
(EDS;INCA/Oxfordconnected to JEOL 301)) selected area electron diffraction $AED;
JEOL 301) inductively coupled plasma— optical emission spectrometry (CROES;
Agilent 4200 MPAES, elemental and organic carbon analysis (EC/Q®™odel 4, Sunset
Laboratory) and X-ray diffraction (XRD;Bruker D8 Discover diffractometgr

PYROLYSIS N
2
N, +

v |v|

N, + FeAA3(q)

air
N,

N, + FeAA3(g)

v |v|

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

RESULTS ANOONCLUSIONS

Two experimental campaigns in total duration 100 and 80 hours were performed.
The NPs productionwas studied in the range ofTr: 500-800 °C,Ts 155-160 °C, Qr:
1200-1500 cm’/min, Qs 100-200 cnB/min , Qoii: 1600-1800 cnmB/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 sumarized in Table 1.

Tab. 1: NPs production in dependence onlr. Different Reaas for individual samples
Mt —total mass concentration, ER-emission rate.

Pyrolysis Oxidation
Tr[°C] 600 700 500 600 700 800
M, SMPS 3785- 1765 1090-
Cigd m | 480894 | U0 ospg | 9961448 | 5842086 oo
Mk, Filters 1021- 1575 2121 1719-
[ ugd m | 23%068 | 1596 2017 2608 | 80724061 1744
'[ER“’ E“fprii 1.42.7 |11.4142| 5377 | 3246 | 1.966 | 3538
'?RL’J Fg"t/erfni 1620 | 3139 | 4761 | 6883 | 2677 | 5556
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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 @k 500 °C
mostly only evaporation and condensation of precursor occurs. At 600 and 700 °C the
decompasition of precursor is much deeper, but samples contain a lot of EC. All samples
prepared by oxidation of FeAA3 ailr 500-800 °C have almost identical colour, content
of Fe, very low content of OC and zero content of EC. Nevertheless, they slightly differ
morphology and crystallinity. The NPs characteristics in depence on decomposition
process andTrare summarized in Table 2.

Fig. 2: Concentrations of Fe, EC and OC of the samples prepared by pyrolysis and
oxidation of FEAA3 in dependence offir.

Tab. 2: NPs characteristics in dependence odecoposition process andTr. TC — total
carbon.

Pyrolysis Oxidation
Tr[°C] 600 700 500 600 700 800
TC [mass %], EC/OC 37.2 33.7 3.5 3.7 54 n.a.
Fe [mass %], ICFOES 51.9 38.8 58.7 58.7 59.2 59.3
Cryst. PhaseXRD | amorphous | amorphous | FexOs Fe:Os FeOs Fe:Os
Qyst. Phase SAED n.a. FeOs Fe.O3 Fe.Os FeOs Fe.Os

Results have shown that NPs generation by oxidation of FeAA3Tat600 or 700 °C
is bestsuited for long term inhalation exposure experiments. The gesration provides
NPs production rate sufficiently high (up to 30 0 pu3gile®@3pu g/ mi n) and can
further increased by an increase ofTs or/fand Qs and it is stable at steady state
conditions for sufficiently long time. Primary particle size is typicdly between 10-20 nm,
see Figure 3 the content of Fe varies from 58.7 to 59.wt. %, which corresponds with
84.0—84.7 wt. % of FeOs. NPs are free of EC and contain only53- 5.4 wt. % of OC. Both
XRD and SAED method identified cubic & crystalline phase, Pdf 320469. 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 @3.7 — 37.2 wt. %), the content of Fe varies between 20 and 51.9 wt. % and
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because the NPs arXRDamorphous and almost SAED amorphoust is very difficult to
identify the form of Fe in NPs.

Tl i o 4 ;
Fig. 3: TEM image and electron diffraction pattern of NPs synthesized @&=600 °C,
Qx=1500 crm¥/min, Qoi=1700 cnB/min, Preaas=2.4 Pa.
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INTRODUCTION

Currently, people spend more than 80% otheir time indoors (Ondr ac¢ ek
2017). It is widely recognized that bioaerosols play a significant role in indoorair
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 infiltratio n, it also originates from outdoot

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 deggned 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 assesnent inlet and outlet recuperator's filters were used.

EXPERIMENTAL SETUP

The exposition of the recuperator filters was executed in the singlamily house in
the village of Kot 6rz Maty (Pol and, 50°
A nonwoven filters F7 (EU7) with average filtration efficiency above 80% for particles
of 0.4mm (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 n® 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 dividd 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% wi/v
Tween 80 and shaken for 3860 minutes. Serial diutions up to 10-3 were prepared.
Aliquots, 0.5 ml, of the original sample and its serial dilutions were spreaglated, in
triplicate, onto the surface of trypticase soy agar (TSA) to perform the bacteria count
and Sabouraud dextrose agar (SDA), containiraploramphenicol 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-& days. Microorganisms cell numbers
were counted and concentration was expresed 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 mierand 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 PP2 results conparison, the
non-parametric Wilcoxon test was used. The relationships between variables were
examined using Spearman correlatioriThe ggnificance level of 0.05 was adopted.

RESULTS ANDONCLUSIONS
Figure 1 shows the profiles of bacteria and fungi conogration 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 { %
~a- P2 fungii i

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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S 3)
= 200000 = 20000 I |_f[| a

100000 =1 10000 o L]

[ I ——— il —— ===
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Fig 2. Seasonatoncentration of microorganismcomparison in P1 and P2Boxes show

the range between the 2% and 75" percentiles. The whiskers extend from the edge of

the box to the 8" and 95" percentiles of the data. The squares inside indicate median
values

The con@ntrations of bacteria associated with filters P1 (5.0x19-2.7x10* CFU/qg)

were higher than fungi (1.3x16 — 9.7x1® 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 anual average 1/O ratio for bacteria was 1.01 and for fungi 1.23. The
lowest 1/O 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 activitiesOQndr a¢ek et al ., 2017)

Besides the summer period (p=0.67), the Wilcoxon test results clearly confirmed
statistically significant differences ketween indoor and outdoor concentrations of fungi
(p <0.01). For bacteri a, there wer evaluda
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 microbiotAlternaria,
Chaetomium, Cladosporiurand Penicillium were the common fungal types, with higher
concentrations associated with filters P1. In the filters PZrom November to March,the
highest percentage (80100%) of isolated fungi was represented by specieBenicillium
chrysogenumand P. digitatum. The filters microbiota was dominated by Grarrpositive
bacteria belonging toActinobacteria andFirmicutes A wide diversity of Gramnegative
Proteobacteriawere isolated. Very similar results, in terms of bacteria presence, were

any

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 depeted 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
Penicilliim
Trichoderma
Phoma
Arthrinium

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 Rvalues for checked variables.The conducted analysis
demonstrated thata positive correlation between fungi and bacteria concentrations and
temperature and RH could be found. It seems, thdor 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 Sgnificant 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, thatthe results canrot be supralocal dimension. But they can find
confirmation in houseswith similar characteristics of use and location.
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KI adové sl ova: Znecistenie ovzduSi a, Tuhé ¢ ac
Meteorologické parametre

SUMMARY

Cities and their functional areas (residential areas, industrial zones, recreational
zones, transport hubs, ...) constitute the revironment 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 @roblem 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 afombustion engines, exhaust gases contain
large amounts of gaseous pollutantsaas well asparticulate 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 ofroads 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 exeeded frequently. A proposal for an air quality

monitoring network was <created in Zilina. Th
based on the basic idea of covering typical Functional Urban Areas (FUAs) in the city of
Zilina. Sel ect e dre alwagssaucongbimation tof several sosirces of air
pollution.
UvoD

Medzi hl avné zdroje znecCistenia ovzduSia Vv
vyfukovych plynov, resuspenzia cestného prachu wakurovanie domacnosti drevom
auhlim. Ide ozdroje, ktoréprodukuj 0 emi si e do okolitého ovzd

pod 20 m,vg¢pnamdéemukvplyvu na uroven koncentr
z6ne T udi [ Janda cKaisoe 2013 Thorpe— Rafistin/ 2008 Praliova
et al. 2010.

Dve najdolezitejsSie | atky, ktorymi cestna
dusi Ci2t ya (jNOmn é t wd. Sektdraleptavy ¥ EU v(rdkavR013 prispel 13
% k cel kovym e mia4dh % kemiSi@stihycki aR M bscJenthdfrakcia
PMstvori 40 —80 % hmotnostnej koncentracie PMov o kol i t om ovzdusSi v E
2013, Jandacka et al ., 2017] . Zatial ¢o vyful
vdaka technologickym zdokpnakéndamasozcdvel fi
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s

sa nevyfukové emisie tuhych <¢astic vznika.
Nevyfukové =zdroje tvoria v sucasnost. vel
vozidiel—-pr i bl i Zne poloatweiinotuhychd a s { £s(ERAR0LE].
METODIKA MERANIKVALTY OVZDUSI A
V Ziline bol vytvoreny navrh siete na mo

mer acich stanic bol o zvol ené na zakl ade r

mestskych oblasti (Obr. 1).Meraciemi esta suU vzdy kombinéaci o
znecCi stenia ovzduSi a.

Monitorovanie kvality ovzdusia 2% ; ’ : : Legend :
Mesta Zilina 1o b 7R B FiPeia nie’s, ; & Meracie stanoviste
. - ” A 4 ’ " . 7 -
od 4

=

=
I({So

Jut | BSh sl

Obr. 1. Meramest®et Zndvindti a v

Prvym meracim stanovisStom bol o Namestie A
cestnej premavky. \bkoli sa nachadza len malo aut parkujucichv miestnych

prevadzkach. Druhym meracim stanovi sStom | e
mest a. |l de o Kkri zovatku troch ul uUlicaJurdfao me n s
Fandl yho. Okolie je tvorené obytnymi ybudoy
Tretim meracim stanovi S§t om-KeS inak & diakssii aa .k r
kri zovatky sa nachadza mestska tepl aren (Zi
Dal i e meracie stanovidte je ulicjanvemtyver zi
amest sky par k Lesopar k. blizkbstr miestneg koswini&acie, vi St
kri zZzovatka ulic UnVelekyidiné&l,. PPas |lhead mén moni
sa nachadza yriemyselnej zéne, W | i zkost i u oblasti previidarn&kiadné . Vv
doprava.

Boli merané tuhé ¢ aws,PVaPViabbaoalchpbdbuaktéin

meracie metddy:
- opticka metoda,
-met 6da absorpcie Ziarenia bet a,
- gravimetricka metoda.
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PocCas monitorovania bol i k& gparametrae(tepdotae a | m ¢
vliI hkost, rychl ost a smer vetr a, tl ak) . Mer a |
kazdom meracom stanovis$ti 7 dni v nasleduj aci

-meracie stanovi §t e -RBafebeudra 2068, A. HI i nku: 22.

-mer aci e <Konemskeékioiukca: €1:- 07. marca 2018,

-meracie stanovi S-ReapHl@aXdi8c kéd wulica: 19

-meracie stanovi St e-20novemera20i7t na ul i c a: 14.

-mer acie stanovi $fiSemédmel&ova ulica: 9.

VYSLEDKY MERANITUEYH CASTIi C
Merani a znecistenia ovzduSia v meste Zilina

znecCistujacich | at o KPMgadRPVhpznymi nietddakicmerania. P M
Vnasl edujucom suU vyhodnotené mer anviyau zZtiuh yc h

pristroja Fidas 200, spol o nost.i Pal as. Koncentracie Z
vyhodnotené ako 24h odi nov é pr i e mer y dispozici baton7ahodndt & , Ze

koncentracii pre kazdiu znecistujucu | adatku na
tlohou merani bolo porovnanie konceh r 4ci i znedc¢i stujuacich | atok
obl astiach messhi tZi vphgv asekundarnych faktc
znecCistujucich |l atok v ovzdusSi. Mer aci e stan:
uvedené vopi se metodi ky. Namezaudi anen®diZzet emic hadza
zdrojov, ktoré sa nachadzali v okoli meracict
A. Hl i nku | e petioa bdadre&koat i nebol Ziadny vy
ovzdusSi a. Mi est ne komuni dsttaca aestnk doprdva aem&h a ok r @
pristup do pesej zony . Meracie stanovisSte na
komuni kaci e, kde najvyznamnejS§im zdrojom zne
stanovi Ste na KoSickej ul i ci yznpamnynv zdrbojdmi z k o st i
znecCi stenia ovzdusSia je cestnada doprava, vel ké
a priemyselnd&d z6na mesta. Meracie stanovi Ste
parkom avb |l i zkosti stanovi §ta sU mcaejetvoergre komuni
priemysel nej zony, kde potencional ny mi zdr oj

al ahky priemysel
V ramci merani boli sledované aj meteorologické parametre (Tab. 1), ktoré
vyznamnou mierou prispievaj 0 k adtucichuldtdknme mu st &

ovzdusi (pozitivne alebo negativne). Vyznamn
Namesti A. Hinkuena Ko Si ckej ul i ci ( Tabna Kamgnskéllda Na me ¢
ulici boli pocCas merani zaznamenané nizke tep
Tab.1 . Met eorol ogi cké parametre pocCas monitorov
funkénych mestskych oblastiach mesta Zilina.
0OEAT Aol i OLLAATTT EITAI
Lokalita Rychl os Smervetra Tlak Teplota VI hko
[m/s] [deg] [hPa] [°C] [%]
1,7 Ssz 979,4 -6,3 60,6
0,7 V 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 JIV 972,0 16,0 69,7

90



Pocas cel ého merania na Komenského udiei ci b
PocCas mdJnienrziinejumlai c i bol i Zaznamenané ni z28i e
ulici Strkova kdlair atke glrotsy anydudliSécdaa Ka $p rcik &l
NajvysSSie koncentréacie tuhych <¢Castitioa bol i
Komenskeého ulici. Priemerna koncentracia PM pre celé meracie obdobie bola 86,5
Mg /l3mrePMsbol a 663a@eRAMgb/onh a 623, 1Vyuygdime koncentr
Castic boli spb6sobené spojenim tak VvynEnamne
tepl ot ami a inverziou. Priemerna koncentra
Hlinku pre PMiob ol a 273, e PMg2 8, 9 3apgé M 22, 8 SuygPmC as
tychto merani bola zaznamenana nizka tepl

(labiné zvr st veni e at mosf éry). Priemerna koncen
na monitorovacom st anovoib%tlia RKo/§ ifre QMg 128 i c a
Mg /Bapre PML9, 2 (g b . 2) . Pocas merani bol a za
vysSSi aoastywhkltra (labilné zvrstvenie at mosf ¢
castic pre cel é& meranie na monitor ewbdacom s
27,9 3wePks23, 3 Spmdhkk2 1, 7 3pPdgemerna koncentracia tuhych
Castic nperreandeel éna moni torovacom sbhlola®@29 St i
Mg /3mprePMs11, 0 SpgePk8, 1 g/ m
Namestie A. Hlinku Komenského ulica
. 140 140
£ 120 £ 120
Ewo gloo l I
2 g Z g0 | . l
2 60 g 60
g 40 % 10 . =
g 0 — B B = | — = g 10
S 2 o
b N P & P S &P o S i P > N 4
q/,l\Q"b\,‘/Q 'i’,\&\vﬁ K h\@‘\’»b .-fy\s "S) e b\Q '\9 q/’\\b,\’\"'g \Q'\;\WQ < \\0”*;0 S ,\/\Q":\r& < ’,}\Q’&\f& g bA\Q’h\r& P G)\Q%QQ o (Q\Q";\(LQ 0,\ \Q%\’i’b
PM1 mPM1-25 mPM2.5-10 PM1 ®PMI1-2.5 ®PM2.5-10
Kosicka ulica Univerzitna ulica
— 140 . 140
£ 120 £ 120
2100 2100
Z a0 Z g
l% 60 1§ 60
= 40 £ 40 = H —
Eo m - B [} . B B £ = . — -
= 0 % 0
I T S & & & & &
@\@,\* WQ\Q& 0\@,\” @“b\m {;@\” W»\B& f}\B& \&& \%\0\” \b\g\” G\Q\ \%\Q\W @\0\” @Q\\;\“
PM1 mPM1-2.5 mPM2.5-10 PM1 MPMI1-2.5 EPM2.5-10
Strkova ulica
__140
%120
= 100
Z a0
2 60
g 40
| B B = - B =
N &P &P & &P &P P
Qq\d’)\’\/ . \Q@\"’ Q\Qﬁ\” Q\51\m C)\ch\'L . \Q‘;\’L '\?\Qﬁ\“’
PM1 EPMI1-25 ®PM25-10
Obr . 2. Koncentracie tuhych c¢astic vo funlk



Di striblUucia tuhych Cacsitdl staamcavwg/tblreamh'/ct a km
Hrub& frakcia PMsiobol a naj vi ac astupenda na KoSickej
frakcie PMoana Str kovej uIiC|, t v o fiod Je & sfdbeté cel ko
intenzivnou cestnou dopravou a vhodnymi pothienkami na rozptyl, kde dochadza
kresuspenzi. cestného prachu, predovset kym
Komenského ulici predstavovala hruba frakcia Pbk-10 23 %, na Namesti A. Hlinku len
12 % ana Univerzitnej ulici 16 % celkovej frakcie Phb (Obr. 3). Vysoky podiel jemne;j

frakcie PMbsna tychto troch monitorovacich stanovi §
teplotami ana uliciach Komenského & ni ver zi t na aj zhor Seny mi
podmi enkami. Za tychto podmi enok astic,,ngmddoc héadz

jemnej frakcie, kedy plynné polutanty kondenzuju na tuhy aerosol.

Namestie A. Hlinku Komenského ulica Kosicka ulica

12%
a% 23%
5%

(]

HPM2.5-10 EPMI1-2.5 PM1 HPM2.5-10 ®mPM1-2.5 PM1 mPM2.5-10 mPM1-2.5 PM1

Univerzitna ulica Strkova ulica

HPM2.5-10 ®PM1-2.5 PM1 HPM2.5-10 ®PM1-2.5 PM1

Obr. 3. Distribucia tuhych c¢astic vo funk<c¢n)
Zporovnania nameranych dadajov r6éznymi mer acim
prekrytie dat (R2> 0, 9 ; r>0, 93) , ¢o poukazuje na VYSI(
nereferencnych mer acich metod (opticka metodd
vporovnanisr ef er enc¢nou gravimetrlckou met 6dou.

ZAVERY

Uroven koncentracii vzinseiCiptegadacsehkylnitod p
potenci &4l nych zdr oj ov znecCi stenia ovzdusSi a.
zdroj ov, ale v mestach a ich funk¢nych obl a
ukazuju, Ze znecCistenim ovzdefgslatredenacgstaast i hnut

a

doprava-ul i ce Komenskeého a Ko SmetekrélagickSgo#dmienky ar ne f
-ti ez prispievaju k vysS§sSim koncentraciam zneci
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monitorovacom stanovi Sti na K o znanmg kd¥oh o ul
zneCi sdesnd doprava a nepriaznivé meteorologické podmienky inverzia, nizka

rychlost vetra a nizka teplota vzduchu. Na
na Namesti A. HI i nku nie je vyzrnrapodmgnkyz dr o]
pocCas mer ani -bvoylSiS i @r irayzcnhidbibés fvrstwerget atnaosfégy,

napriek nizkym tepl ot am. Moni torovacie start
vyznamnym zdrojom znecistenia ovzduwuiShola, ce
zaznamenané vel mi priaznivé podmiewkySina
teplota vzduchu, |l abilné zvrstvenie at mosf é

Kombinaci ou viacerych faktorov (primarn
meteorologické podmienkyy m6é zZu koncentracie znecCistujuc

Groven a prekracdovanie | imitnych hodnét zn:
oblastiach (Komenského ulica: maximéalna hodnota Pivbola hamerana 5. marca 2018
114,9 pg/m3). Vysoké koncentrac e znecCistujacich | at ok z

obyvatel stva.
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KALIBRACE IMPAKTORUWPM10/2.5 POMOCI APS ANALYZATRU

Fraeki 8OPAN, Jifi HORAK, Kamil KRPEC, Mi
Lenka KUBONOVA, Jifi RYSAVY

6 £ *“ TECHNICKA UNIVERZITAOSTRAVA VYZKUMNE ENERGETICKEENTRUM
FRANTISEKHOPANQVSRBCZ

K1 i Cslowa:dmpaktor, PM2.5PM10, Kalibrace, APS

SUMMARY

The calibration of the impactor PM10/2.5 is a complicated, tim&onsuming process.
Monodisperse aerosol of different particle size close to the expected particle size aift
is successively fed to the impactor and the effiency 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 sizepractically any polydisperse aerosol
can be used for calibration and the débration can be done simply and quickly.

UvoD

Kali brace i mpaktoru PM10/ 2.5 je slozity, ¢ a
postupné pfivadén monodi sperzni aerosol s riz
G¢i nnost z A Hapémuaerodyaasnickénc pr G mér u . V pfipadé, y
i mpaktor kalibrovan pomoci APS (aerodynamic p
kali braci Vyuzit polydispeizhiiaerdsgl. Kalibrabeopakorhinzyye byt
provedena jedrCddwede pa arceehlem.vypepdbtkal i brace
a naslugédtnlédpraxena pracovi $ti autord prispévku.

METODY MERENI

Kali brace i mpaktoru probihala v tzv. prasné
déelce 4 m, které je pifipojemadois dpmilt odbémékyuy
ventil &t oru ] sou nastaveny t ak, aby rychl os:
3,3m/s . Na uppoocCtartukb i byl y davkovany CA-8ti ce k €

EthylhexylSebacat u (DEHS) pomoci gener &t orho Céastic
pevnych polydisper awyitalv n&aop comnond i aggdn &kmuatzor u
RGB 1000 rovnéz od firmy RAgdé&do/ dRIvkdbdm&pocCet i
nastaven na konstantni davk egwéorsit atasdhic dtdou
stabilizovan (cca 30 minut). Do potrubi cca 3 metry od vstupu aerosolyje vI oz en a

odbérova trubka o 3mmpoddhtemmi ipb@imEmé& el sefi znut
Vst upem. Na odbeérovou trubku byjimya 20bfimh poj ov ar
impaktoru MSSI firmy TECORA.. Za | mpezlkdmizesnt ugeoiki neti cky
proudu pl ynu, Kdeepfvedl @ejnidai awndtiesw ati ckou h a
prdméru 4 mm na analyzator APS 8mM@R@OfC, r my T
1013 hPa). Hl avni Crazsdté | pVv p i eje piriowadie n a Kk pridto
avyvéév Pr 0t ok onpérdtiorkinirBke@ p5eC, 101hPa). Cel kovy pri
i mpakc¢ni mjes85ul/min §@n0°C, 1013hPa). Tato hodnota vychazi z teploty,

d

S|
k
t
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tlaku a vI hkosti vijevdyupcohcut evn ap rpaosdnl ée tproaktyin da v
Data APSjsou méf ena vzZzdy <c¢ca 3 minuty (ccaje20 d
vyhodnocovana hmotnostni koncentraceaerosolu snastavenimhustoty ¢ ast i ¢3 1 g/
a Stokesow korekce byly vypnuty.

Zapojeni impaktorua APSjer eal i zovadano v téchto 3 konf
obr.c. 1 a 2.

—
T —

obr. ¢. 1 Konfigurace a) bez impak<c¢Cn

Impaktor 10 pm nebo
2,5 um

{

—

i

Koni‘mgakanembﬁ;tapnémslo Hm nebo

Za odbérovou trubkou byl y pbyasct)uptné sst Fiindpa

stupa®Buma25uma bez i mpakcéniho stupnée. Koncent
neni i pfes max izealdKonstantneP@rhavnani méfeni pfed
jevyhodnocovammz ¢Easoveé bl izkych meéf eariosolhthdit moes in i
separace dané velikostni f i) a Bocsee  aveyr poodCyt nea mp
vzorce (1).

E.; =100 — ( ’“xloo) (1)
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kde

[ index kanalu vyhodnocovare frakce v APS (od 0,542 um do 19,81 um)

X index impaktoru (10 pm nebo 2,5 pm)
Exi G € iost pAchytu na daném stupni impaktoru a na dané velikostni frakci

dMx;i hmot nostni koncentrace stanovena APS z
ana dané velikostni frakci viz obr. ¢ . kdhfigurace b) nebo c)
simpaktorem 10 pm nebo 25 um

dMi hmotnostni koncentrace stanovend APS na dané velikostni frakci
viz obr. ¢ 1 konfigurace a) bez impaktoru

DGl ezitym parametrem pro popi s piSmgkesdvdé or u | e

Cislo je pro impaktor definovano jako pomér b
Stk — Sg _ T%:'.cv _ 2XTp XV _ qpxd%xvxcc @
P Ly 1 i QKT]KDJ'
2

kde

Sq brzdna dr aha Ccastice [ m]

ri pol omér trysky [ m]

Dj prUmér Kkr uhje2g D=0, D.dm=0,00238 [m]

Tp relaxacni <¢cas Ccastice [ s]

v rychlost plynu v trysce impaktoru viopm = 2,53, ¥.5um= 13,6 [ms?]

Pp hustot a ¢ akornstantad 000 [kg.m-3]

dp aerodynamicky pridmér castice [ m]

C Cuninninghamiv korekénpr i m&tumije 1,82ap ¥t . pr
pro¢ Ast i ce 2pumijedsr i

n dynamicka viskozita plynu pro vzduch s vihkosti 1 % a teplotu 25 °C

V. rovni

je1,823.10° [kg.m1.s1]
Ci (2) j € mo %,nov ,pjrsipnowt gykonstamtp.a kt or o

Proménnou

Pro
svodorovnou

j(@jefukcidb)e a vypl yvaj ez ptfoihnoo, gEneeé rdn é S
i mpaktor je mozZno kal i bacae i C\&sisezsitoabvi(i.t &g.r a:
osou danou paramétrem dp nebo uni\
100 T | T T T
Ideal cutoff Oversize particles
curve that get through
g Actual cutoff
§ curve
% S0 ——— — ———
s
E:
3
Undersize particles
that get collected
o ] ] 4 | |
0.2 . 0.6 0.8
V' Stk Vv Stkgg
Obr ¢ 3 Realnada a idealni Uc¢innostni k f
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pf i pade mso.Stkoj& enaraktersstické komdtaatni j e S

Speci @l nim
kdy i mpaktor

St okesovo ¢ipsalkat odan éhouricnuj e,

(vi z 3J).Btko.je si@noven podle vzorce (3).
opxdEg xvxC,
Stk = £
50 oxnxD; 3
kde
dso tzv. cuto f f p r 0 mé kterd jednm timpaktoru zachycena s 50 %

G¢innosti [ m]
Vyrobce impaktoru TECORA stanal:
Stksoaoym= 0, 235, pot . slhudpdEF2,vYm 2, 5 m

Stkso2syum= 0, 201, pot oghbudgdio=2M,0n 13, 6 m
VYSLEDKY, DISKUSAY ER Y

kapal nych <&dastic
hust ombNagéneratark ou 1

Kalibrace impaktoru byla provedenap o mo c i
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INTRODUCTION

ACTRIS (Aerosols, Clouds and Trace gases Research Infrastructure) is an initiative
gathering partners all over Europe oncentrating 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 mportant environmental challenges (such as air
guality, 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 p&uropean 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 besmg pan
European research infrastructure with its own legal entity and operational structure,
being supported by two EU projects (ACTRI2 and ACTRIS PPR 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 o ACTRIS Legal Entity
ACTRIS-2

EUROCHAMP-2020

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

The majority of the ACTRIS measurement data will be provided by ACTRIS National
Facilities (NF). ACTRIS Central Facilities (CF) will provide tp-date operation support
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to the NFs as well as services to the users according to the ACTRIS accessypdCTRIS
CF include following units:

1 ACTRIS Head Office (HO)

1 ACTRIS Data Centre (DC)

1 ACTRIS Topical Centres (TCs)

U Centre for Aerosol Remote Sensing

Centre for Aerosol In Situ Measurements
Centre for Cloud Remote Sensing
Centre for Cloud In Situ Measumaents
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.

c.cCc.cCcCc

CZECH REPUBLIC INCARIS

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) andResearchCentre for Toxic Compounds in the Environment at
MU (RECETOX All these institutions are cooperating withinfour projects: ACTRIZ,
ACTRIS CZACTRISCZ Rland ACTRIS PPPACTRISCZ 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 participatiom ACTRISis to have three
stations: Kosetice (CHMI, ICPF, GCRRECETO)X Usti nad Labem (CHMI) and Prague
(ICPF). Currently there is onestation fully complying with the requirements of ACTRIS
to become ACTRIS NF within more TGsNational 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 Physis (WCCAP, TROPOS, IfT, Leipzig).

NATIONAL ATMOSPHERIC OBSERVATORY KOSETICE (NAOK)

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

1 gaseous pollutants (S@ NO, N@ NQ, tropospheric ozone, VOCs, methane,
PAHS, benzene)
1 aerosol properties (PMo, PM.5, EC/OC, chemical composition).
In adition to these quantities, RECETOX holds a long term measurement of POPs within
Kosetice Observatory.

Moreover, KoseticeObservatory (CHMI) is part of the CHMI network of professional
meteorological stations (25 allover CRand measures following quantites:

9 climatology (temperature, atmospheric pressure, RH, wind speed and
direction, etc.)
1 solar radiation (UV-A, UVB, diffusional radiation)
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1 precipitations.

The Atmospheric talltower was built recently by GCRI in 2012. The taliower is
250 m high and hasseveral 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:

1 greenhouse gases (COCH, NO and CO at 10, 50, 125 and 250-AGCRI)
1 gaseous Hg and tropospheric ozone (at 3, 80, 230 and 240 m- GCRI)
1 aerosol fluxes (at 80 m-ICPF, GCRI)
1 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 Observath System) program is a pafEuropean
research infrastructure providing harmonized and high precision scientific data on
carbon cycle and greenhouse gases budgdétart of the talFtower measurements is a
container at the base level containing following measements:
1 aerosol optical properties (scattering and absorption- GCRI, ICPF)
1 EC/OC (GCRI)
1 aerosol physical properties (number size distribution <Irm, nucleation
particles size distribution <3nm, total number concentration— ICPF).

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

- at230 m:

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

- atground level:

9 aerosol physical propeties (number size distribution >1mm, hygroscopic
properties, CCN-ICPF)
1 aerosol chemical properties (ACSM, AMS, R\ffline —ICPF).

PRAGUE AEROSOL CALIBRATION CENTRE (PACC)

Prague Aerosol Calibration Centre will be part of the Centre for Aerosol Int$
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 includerganization of related workshops and
training of aerosol instrumentation users (NF, ACTRIS users or external users of ACTRIS
services). The PACC unit of ACTRIS Centi@ Aerosol In Situ Measurementshould 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 acces® the users on national or internationd
level through open access policy (national) or Trandlational Access (TNA) within
ACTRIS2 project (international). There is a possibility to install new devices at NAOK as
well as access to following measurements:
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in-situ chemical and physical properties of aerosols

air quality data

meteorological data and precipitation

vertical gradient of greenhouse gases

gaseous compounds.

The instrumentation can be extended on demand by various techniques (such faghly
time and sizeresolved chemical composition, ge-resolved aerosol hygroscopicity,
volatility studies, etc.).

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

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

1 GENASIS (PORSRECETOX)

1 WDCGG (greenhouse gase€HMI, 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:

1 calibration of aerosol instrumentation according to ACTRIS standards
(MPSS, CPC, APSS)
training of users for operation of aerosol instrumentation
workshops for ACTRIS internal and external users.
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PROLOG

Dekati ® eDiluter ™ Pr o ekems thah allqwe easyadampe di | ut |
conditioning for a wide range of particle measurement application. Its compact structure
includes a twostage dilution system with an adjustable dilution factor ranging from
1:25 to 1:225. The high sample output of the Dekati® eéDI ut er ™ Pr o al |l ows t h
be fully integrated with all Dekati® Instruments and is also compatible with all other
commercially available measurement instruments.

OPERATING PRINCIPLE

The operating principle of t twestdgeddutdani ® eDi |
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 aiflow. 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
, X~

Exhaust Exhaust
Operating principle of the Dekati ® eDil

Sample
in

RESULTS

Dekati ® e Dienswes stability oPdiluion factor under varying conditions
(Sample temperature, pressure) accuracy and repeatability of measurement by
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integrated setup (less risk of variations in setup configuration), minimizes particle
losses

Active Pressure Compensation: diluter operation is adjusted based on inlet pressure
measurement @nstant dilution factor even when sample pressure changes (within(@
— 1200 mbar range) @an be combined with DEEEBOO for higher pressures patent

pending.

DI-1000 vs. eDiluter Pro
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