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UVOD - INTRODUCTION

Vazené kolegyné, vazeni kolegové,

Dovoluji si vas véechny opét oslovit pii prileZitosti Vyro¢ni konference Ceské aerosolové
spolecnosti, ktera se letos kona v prostorach klastera Zeliv na Vysociné.

Je mi potéSenim, Ze jsem radu z vas v zari potkal na nejvyznamné;jsi evropské konferenci
s aerosolovou tematikou, EAC 2015, konané v Milané. Pocetni zastoupeni ceské vypravy
bylo opét velmi silné, jak dokladuje spole¢na fotografie ¢lenti CAS pied konferenéni
budovou. Foto poskytl kolega Jarda Schwarz, kterému timto dékuji.

K prezentaci ¢lent CAS na EAC 2015 bych jesté rad dodal par slov. Chci pochvalit nékolik
naSich doktorandi, kteii na EAC prezentovali své vysledky formou piednasky. Navrhuji
vyboru CAS, abychom tyto studenty povzbudili ocenénim v ramci CAS. Asi
nejviditelnéjSim vysledkem cCeské vypravy bylo ocenéni kolegy Talbota, jehoZ poster
obdrzel Best Poster Award. Pokud mne pamét neklame, od roku 1993, kdy se EAC
konferenci zdacastiuji, se nam néco takového povedlo poprvé.

Vsem vam dékuji za aktivni Ucast jak na konferencich poradanych spole¢nosti, tak na
radé dalSich Kkonferenci, workshoptli, popularizacnich prednasek a dalSich akci,
spojenych s aerosolovou tématikou, kde jako Clenové tuto spolecnost, byt nepiimo,
reprezentujete. Opakované bych chtél podékovat i naSemu vérnému sponzorovi, firmé
ECM ECO Monitoring, spol s.r.o.

Ve chvili, kdy piSi tento avodnik, je na konferenci zaregistrovano 20 prispévki, coZ nam
umozni, aby se délka prezentaci opét zvedla na 20 minut vcéetné dotazii. Podobné jako
loni se pritom budeme snazit oficialni konferenc¢ni program skoncit v patek kolem
poledne, abyste se vSichni mohli dostat pred vikendem domt. Prosim, abyste se snazili
délku jednotlivych prezentaci dodrzet.

Té$im se na setkani s vami v Zelivu ©

V Praze dne 6.10.2015 Vladimir Zdimal
Predseda CAS
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SEASONAL AND DIURNAL VARIABILITY OF AEROSOL NUMBER SIZE
DISTRIBUTION, CONCENTRATION AND GASEOUS POLLUTANTS IN PRAGUE CITY
CENTER

Cecilia LEONI, Jana KOZAKOVA2, Jan HOVORKA!

Institute for Environmental Studies, Faculty of Science, Charles University in Prague,
128 28 Prague 2, leonic@natur.cuni.cz

Z[nstitute of Chemical Process Fundamentals of the CAS, v. v. i. Rozvojova 2/135, 165 02
Prague 6.

Keywords: ultrafine particles, aerosol size distribution, urban atmosphere, gaseous
pollutants.

INTRODUCTION

Atmospheric aerosol is one of the key urban pollutants while much attention has
focused to the size fractions of smaller particle diameter - Dp. The most significant
sources of primary ultrafine particles (Dp<100 nm) in urban ambient air are outdoor
combustion sources: vehicles, industry and power plants. The aim of this study was to
investigate the relationship between ultrafine aerosol particles and gaseous pollutants
(O3, NOx) and their temporal variation, to analyse the size distribution differences and to
assess the major sources of ultrafine particles in Prague city center.

EXPERIMENTAL SETUP

Five minute integrates of particle number concentrations (PNC), size distributions,
trace gases (NOx and Os3) and meteorological parameters were measured in Prague city
centre at the rooftop station (GPS: 50°40’ 16.61”N, 14°25°15.28”, height 15 m) of the
Institute for Environmental Studies, Faculty of Science, in summer 2014 and winter
2015. The PNC and the number size distributions (14-723 nm) were measured by a
Scanning Mobility Particle Sizer (TSI 3936L25, up/down scan 210/60 sec., waiting 30
sec., sheath/aerosol flow 3/0.3 LPM). Gases - O3 and NOx - were measured by automatic
monitors (Horiba-360 Series).

RESULTS AND CONCLUSION

The Ultrafine particle (UFP) number and the NOx concentration are higher in
winter (+11%, +30%) while O3 is higher in summer (+25%). In both seasons, higher PNC
is related to NOx peaks during morning rush hours (7 to 11 AM, weekdays). The PNC-
NOx association was observed also in the evening (7-10 PM, weekend included), with a
delay beside the afternoon rush hours (4 to 6 PM) (Fig. 1). No peaks were registered
during weekend mornings. The inverse relationship between PNC and NO2/NOx ratio
suggests fresh emitted aerosol particles (Minoaura et al., 2005). Dilution of pollutants is
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observed: the concentration of particles and gases decreases with the increase of the
wind speed but clear relationship was not found between the UFP concentration and
wind direction.

Particle bursts were registered in summer, under conditions of higher solar
radiation intensity, temperature, wind speed, O3 concentration, and lower NOx (<20
ppb) and relative humidity (Fig. 2). Nevertheless, these events cannot be considered as
new particle formation events, because clear growth was not observed. Only one event
of new particle formation followed by condensational growth at the rate of 5 nmh-1 was
observed in the summer (Fig. 3).

Regarding the urban atmospheric chemistry, the increase of solar radiation led to
NO2 photolysis and Os formation, which resulted in the O3 typical diurnal profile.
Maximum O3 concentration was observed in the afternoon, simultaneously with a
decrease in NO2z (Fig. 2). Ozone concentration dropped at late afternoon, due to the
decrease of photochemical oxidation and O3 titration by NO.

During the morning rush hour, the aerosol number size distribution is generally
bimodal, with nucleation/accumulation modes at 30/60-90 nm. This aerosol number
size distribution was apportioned to the vehicles exhaust. The nucleation of low volatile
vapors after the cooling generated the first mode, followed by coagulation and/or
condensation of low-volatile vapors on primary particles, which generates the second
mode (Morawska et al, 2008, Wehner et al, 2002). Nevertheless, differences are
observed between winter and summer. In winter the nanoparticles in the rush hours are
smaller than in summer: the vehicle-induced nucleation is temperature dependent, with
higher nucleation rate in winter due to lower ambient temperature (Dall’Osto et al,
2011).
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Figure 1 - Diurnal pattern of hourly averages of ultrafine particle number
concentrations - UFPNC.
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Figure 3. NPF event on the 08.08.2014.

To conclude, the diurnal pattern of gases and particles indicates a morning and
evening polluted atmosphere. Major source of ultrafine particles is the traffic, while in
summer photochemical reactions forming secondary nanoparticles contributed
significantly to nanoparticle burden. Nanoparticle concentrations are not related to the
wind direction, therefore their transport from more polluted parts of the city (i.e.
Legerova traffic hot-spot) is not observed. Nanoparticles rather originated from nearby
streets. In winter the particles concentration is higher due to additional emissions from
home heating and lowering of atmospheric boundary layer mixing height.
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HIGHLY TIME-RESOLVED AEROSOL MEASUREMENT AT A SUBURBAN SITE IN
PRAGUE

Lucie KUBELOVA12, Petr VODICKAL, Jaroslav SCHWARZ?, Otakar MAKES®2, Vladimir
ZDIMAL!

1Institute of Chemical Process Fundamentals of the CAS, v.v.i., Prague, Czech Republic,
kubelova@asuch.cas.cz
2Department of Environmental Studies, Faculty of Science, Charles University, Prague,
Czech Republic, kubelovi@natur.cuni.cz

Keywords: Atmospheric aerosols, Chemical composition, AMS, PM1

INTRODUCTION

Highly time-resolved measurements of atmospheric aerosols are important as they
enable us to elucidate the aerosol sources and lifecycle processes (Zhang, 2011). In our
study we carried out two six-week measurements of submicron fraction of non-
refractory atmospheric aerosol. The measurement was performed with 1-minute
resolution and analysed with respect to influence of meteorological conditions. The
measurement was done as a part of a pan-European project ACTRIS.

EXPERIMENTAL SETUP

The measurements were done at Prague Suchdol suburban measurement site, which
is located approximately six kilometers north west from the Prague city center. During
the two measurement campaigns (summer 2012, winter 2013), we deployed the c-ToF-
AMS, field Organic Carbon/Elemental Carbon OC/EC analyser and PM1 filter
measurement analysed by Ion Chromatography (IC). The c-ToF-AMS provides us with
time resolved chemical composition and size distribution of aerosol particles (Drewnick,
2005). The vaporization and ionization occurred at 600°C and 70eV, respectively.

Tab.1: Average composition of non-refractory submicron aerosol during summer and
winter campaigns in Prague Suchdol.

SUMMER WINTER
AVERAGE AVERAGE
Compound *ST.DEV. SHARE + ST.DEV. SHARE
(ug/m’) (ug/m’)

Org  42%32 512% 84%69 395%
NH,”  12%09 140%  28+21  13.1%
s0,>  20%16 244% 44%37  209%
NO;,  08%09  97% 5446  254%
cr 0.1£01  07% 023%026 1.1%
Total  83%6.0 x  212+164
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RESULTS AND CONCLUSIONS

Table 1 shows the average composition of the summer and winter campaign. In
winter, there was a significantly higher share of nitrate than in summer, which we
explain by the influence of lower temperatures promoting the particulate phase. From
comparison with calculations done using the HYSPLIT model, we found an inverse
relationship between the mixing height of the boundary layer and the overall level of
pollution. There was also a strong correlation between the arrival of continental
(maritime) airmasses and an increased (decreased) level of pollution. The analysis of
organic fragments f43, f44, and f60 confirmed the influence of domestic heating on
winter aerosol. The high time-resolution enabled us to study the daily cycles in detail.
The daily cycles were influenced by the mixing height of the boundary layer,
photochemical reactions and entrainment of pollution from higher atmospheric layers.
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CHARACTERIZATION OF SUBMICRON AEROSOL IN PRAGUE BY COMBINED ME-2
FACTOR ANALYSIS OF AMS DATA

Otakar MAKES2, Petr VODICKA?, Jaroslav SCHWARZ! and Vladimir. ZDIMAL 1

I The Institute of Chemical Process Fundamentals, AS CR, Prague, Czech Repubilic,
makes@icpf.cas.cz
2 Charles University in Prague, Faculty of Science, Institute for Environmental Studies,
Prague, Czech Republic

Keywords: Atmospheric aerosols, Chemical composition, AMS, PMF
INTRODUCTION

Real-time measurement of submicron aerosol particles was performed at Prague -
Suchdol site (Czech Republic) during six weeks long summer and winter campaigns in
2012-2013. Highly time and size resolved data were obtained from measurements
carried out by a Compact Time-of-Flight Aerosol Mass Spectrometer (C-ToF-AMS,
Aerodyne). The retrieved data were analyzed with using the So-Fi graphical user
interface which is developed by Paul Scherrer Institute (Canonaco, 2013) and is running
under IGOR software (WaveMetrics). The preliminary results are presented in this
abstract.

DATA PROCESSING

Aerosol data were averaged to 30 min. intervals and analyzed by receptor modelling
based on positive matrix factorization. In first step, only organic aerosol (OA) data were
analyzed by both unconstrained and constrained technique using Multi-linear engine
(ME-2) (Paatero, 1999).

In the next step the OA data were merged with sulfates, nitrates, ammonium,
chlorides and potassium data obtained from C-ToF AMS. These combined data matrixes
were again analyzed by So-Fi. There was an effort to find similar profiles as we found
during the analysis of organic aerosol data.

RESULTS AND CONCLUSIONS

During the analysis of alone organic spectra were determined four factor profiles in
both seasons. In summer season were identified hydrocarbon-like organic aerosol
(HOA) from traffic, organic aerosol emitted by biomass burning (BBOA) and two
secondary OA sources. These were semi-volatile oxygenated organic aerosol (SV-00A)
and low-volatile oxygenated organic aerosol (LV-O0A). In winter season we found also
two types of primary organic aerosol (POA) both connected with local heating. Wood
burning (WB) and Coal combustion (COAL) aerosols. Two remaining sources were
denoted as LV-O0OA and SV-O0A+BBOA which mean oxygenated aerosol combined with
biomass burning aerosol.
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Fig. 1: Daily patterns of identified factors Fig. 2: Daily patterns of identified factors
during summer campaign. during winter campaign.

The second part was the analysis of combined organic and inorganic mass spectra.
As a most promising result for summer campaign seems five factors solution with one
constrained factor. Factor HOA constrained with a-value = 0,3 is consisted of fresh
organics, potassium and sulfates. Other factors were identified as low-volatile
oxygenated aerosol (LVOA) with low contribution of inorganic ions, semi-volatile
organic aerosol (SVOA) with a contribution of nitrates and potassium and two mostly
inorganic factors consisted of sulfates and ammonia, resp. nitrates and ammonia.

Four factors solution seems to be the best choice for data from winter campaign.
Constrained profiles were COAL factor (a-val = 0,25) with contribution from traffic and
WB factor (a-val = 0,6). COAL factor is joined mostly with ammonia and nitrate whereas
WB factor is strongly related to potassium, chlorides and partly also to other inorganic
species. Analogous to summer results the highly oxygenated organic aerosol (LVOA) is
connected to sulfates. Factor profile of ammonium and nitrates is supplemented by
rather low concentrations of partly oxidized organic aerosol (SVOA).
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INTRODUCTION

Fine (PM1) and coarse (PM1o-25) aerosols differ not only in size, but also in their
chemical composition, health effects, sources, and others. A dividing line between fine
and coarse aerosol has not been clearly defined. The fractions overlap in the
aerodynamic particle size range 1-2.5 um, also called the intermodal fraction. Sources of
both coarse and fine aerosols contribute to the intermodal fraction to different extents
depending on meteorological conditions and location. According to several studies, the
intermodal fraction was highly correlated with coarse aerosol in dry areas during high
wind speed episodes (Kegler et al.,, 2001, Claiborn et al,, 2011). In contrast, other studies
have shown higher or comparable correlation between the intermodal and fine aerosol
(Geller et al., 2012, Jalava et al., 2006).

The aim of this study is to characterize the intermodal fraction in urban and
suburban localities and estimate to what extent fine/coarse aerosol sources contribute
to this fraction.

EXPERIMENTAL SETUP

24 h samples of size resolved aerosol particles were sampled by a Personal Cascade
Impactor Sampler (PCIS) at four sites in the Czech Republic during summer and winter
measuring campaigns (see the Table 1 and Figure 1). At all sites we also measured a 5
min resolution of particle number concentrations using a Scanning Mobility Particle
Sizer-SMPS and Aerodynamic particle sizer-APS. These two spectrometers (TSI Inc.)
covered the aerosol diameter size range from 14 nm to 10 pm (using a PM10 sampling
cyclone). Only results from the PCIS are presented in this abstract. Meteorological
conditions (Temperature-T, Relative Humidity-RH, Wind Speed-WS, and Wind
Direction-WD) were recorded at all measuring sites. lon composition of aerosol samples
was analysed using ion chromatography. Images and individual particle analyses were
recorded by scanning electron microscope with an energy dispersive X-ray analyser
(SEM + EDX).
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Figure 1. Positions of measuring sites in Prague and Ostrava.
Table 1. Description of measuring sites.
Ostrava residential area near a large industrial winter
Radvanice  zone and traffic roads, domestic heating (6.2. - 5.3.2014)
Urban Prague summer
site Benatska city center with traffic and roads (2.1'8' - 4.9.2014)
street winter
(17.2.-3.3.2015)
Ostrava : : . . winter
Plesn4 residential area, domestic heating (6.2. - 5.3.2014)
Suburban summer
site Prague residential area, domestic heating, and (21.8.-4.9.2014)
Suchdol traffic road winter

(5.2.-19.2.2015)

RESULTS AND CONCLUSIONS

The highest average concentrations of all three fractions were observed in Ostrava
Radvanice, which we expected because of the nearby industrial source. In Prague, the
lowest concentrations of PM1 and PMzs.1 were recorded in summer, while the lowest
concentrations of PM1o-25 were recorded during winter campaign.

PM1 represented the highest portion (average 83%) of the total PM1o, while the
intermodal and the coarse fraction constituted the minor part (Fig. 2).
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Figure 2. Portions of PM fractions in the total PM1o (columns with standard
deviation bars).

Statistical dependence between the intermodal fraction and other monitored
variables can be determined with Spearman correlation coefficients (Fig. 3). PM2:s.1 was
strongly correlated with PM1o-2.5 during all the campaigns (R=0.4-0.8), but an association
with PM1 was less frequent (R=0-0.8). During the Suchdol winter campaign PM25-1 was
negatively correlated with WS, which was probably due to higher relation with PMi.
Oppositely, WS correlation was found for the Suchdol summer campaign (higher
relation to PM1o-25).

Spearman correlation coefficient

= PM1 = PM10-2.5 relative humidity
temperature ® wind speed
Radvanice_w| Plesna_| Benatska Such.dol_s Benatska Suchdol
| estatistically significant dependence (the level of the significance 0.05)

Figure 3. Spearman correlation coefficients between PM25-1 and other variables.
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Figure 4 and 5. Frequency of observations by wind direction for each PM fraction
and selected campaigns.

In Plesna the highest concentrations of PM1 and PM1o-25 occurred during different
prevailing WDs, but PM25.1 was independent in this case. During the Suchdol summer
campaign the highest concentrations of PM1 occurred during different prevailing WDs
than those for PM25-1 and PM1o-25 (Fig. 4 and 5).
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Figure 6 and 7. Images and individual particle analyses recorded by scanning electron
microscope with energy dispersive X-ray analyser (SEM + EDX).

According to ion chromatography, the average highest amount of SO42- (sulphate)
was detected in the fine fraction, followed by the intermodal and coarse fraction. As is
also known, concentrations of crustal elements (Ca%*, Mg2*) were highest in the coarse
and intermodal fractions and lowest in the fine fraction. The highest concentrations of
K* ions were measured in the fine fraction during winter and summer campaigns. The
highest concentrations of Na* and Cl- were observed in all three fractions. We did not
determine NO3- and NHa4* due to the high background of the teflon filters we used.

The shapes of aerosol particles varied (Fig. 6, 7). We observed regular spherical iron
particles (Fe, Fe oxidized or Si+Al+Fe) in all three fractions and carbonaceous particles
mainly in the fine fraction. Other particles usually appeared in irregular shapes, and
were, for example, composed of salt (NaCl), sulphate (potassium/sodium/ calcium
sulphate), aluminosilicates, sodium nitrate, and clay minerals. “Spongy“ structures were
also common, and were composed of iron with other elements (Ca, Na, Cl), carbonaceous
particles, or a mix of salt (NaCl) with oxidized iron.

In our measurements, the behavior of the intermodal fraction depended on season,
wind speed, relative humidity, and type of the locality. In all cases the intermodal
fraction was strongly associated with the coarse fraction, and the correlation with the
fine fraction was also high, except for two sites (Radvanice and Benatska) in winter.

We will try to determine detailed behaviour of the intermodal fraction using 5 min
resolution data set from SMPS and APS. Complete aerosol source identification of the
intermodal fraction will be obtained with the help of SEM + EDX (samples from the
Prague campaigns) and back trajectories modeling.
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SUMMARY

Vertical/horizontal profiles of nanoparticle number-size distributions and
concentrations were constructed from a total number of 13 airship flights conducted
within a boundary layer (30-500m) of urban atmosphere above residential district
and nearby large industrial complex in Mlada Boleslav city in winter. Vertical size
distribution profiles above sports field in the residential district exhibited strong
diurnal variation and confirmed major nanoparticle entrainment into the urban
airshed at heights above 300m, which indicates distant sources of nanoparticle. In
contrast, point sources of 40nm particles were revealed during the flights above the
industrial automotive complex. Nevertheless, emissions from those point sources
exhibited limited horizontal dispersion and did not reach the airshed of the
residential district. Also, airborne measurements revealed low contribution of mobile
sources to the total nanoparticle burden in the urban airshed. In general, airborne
measurements confirmed the results of source apportionment study (Hovorka et al,
2015) derived from land-based measurements.

UvoD

Znalost prostorového rozloZeni ¢astic atmosférického aerosolu v mezni vrstvé
meéstského ovzdusi umoznuje rozlisit mistni a vzdalené zdroje aerosolu a tim prispét
ke kvalité modelovych odhadi zdroji znecisténi méstského ovzdusi.

METODY MEREN{

Méreni prostorového rozlozeni ¢astic atmosférického aerosolu bylo provedeno s
pomoci dalkové rizené vzducholodi s uzitecnym vztlakem 15kg, 1Hz GPS lokalizaci,
pohanéné elektromotory s vrtulemi s proménnou osou rotace na cestovni rychlost
kolem 5ms1l. Letovd méreni probihala dne 21. 2. 2015 v c¢ase 7:42-22:27 GMT s
mistem vzletu na stadionu Jana Zelezného (50°25'32.50”N, 14°54’54.42”E) ve
vyskach 20-500m nad obytnou ¢tvrti a priimyslovym arealem Skoda auto a.s. v Mladé
Boleslavi s vertikalni/horizontalni lokalizaci dat kolem 8m. Z celkovy pocet letl 13
letli bylo provedeno 6 letli v rezimu SCAN a 7 letli v rezimu SINGLE. V rezimu SCAN
byly s minutovou integratni dobou méteny velikostni distribuce poctu castic v
rozmezi 10-350nm (SMPS Nanoparticle Sizer 3910, TSI). V rezimu SINGLE byly s
vtefinovou integracni dobou méreny koncentrace poctu ¢astic o priméru 40nm.
Pozemni méreni zahrnovala stanoveni meteorologickych parametri a pocetnich
koncentraci submikronového aerosolu (P-trak 8525, TSI).
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VYSLEDKY A DISKUSE

Vertikalni profil (30-500m) velikostnich distribuci poCtu castic aerosolu byl
méren nad sportovnim arealem. Obvykle bimodalni distribuce vykazovaly vyrazny
denni chod. V ¢ase 7:40-8:15 (Obr.1 vlevo) nejvyssi pocty castic velikosti 15 a 40 nm
pri zemi a jejich rychly pokles az do vysky cca 80m indikuje prizemni zdroj castic.
Naopak, v ¢ase 15:20-16:10 (Obr 1 vpravo) je rozsah koncentraci ¢astic skoro 3x
vyssi, nejvyssi koncentrace 15 a 40nm castic byly naméreny ve vySce kolem 500m,
240-280m a byl detekovan oblak ¢astic o velikosti cca 100-150nm ve vySce 150m. To
indikuje transport aerosolu do ovzdusi nad obytnou ¢tvrti ze vzdalenych zdroj.
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Obrazek 1. Vertikalni profil velikostnich distribuci aerosolu nad sidlistém rano
(vlevo) a odpoledne (vpravo)

V SINGLE modu byly na zméfeny nad priimyslovym areidlem Skoda auto a.s.

zvySené pocetni koncentrace 40nm s velmi omezenou horizontalni disperzi ¢astic nad
vyduchem z lakoven, montazni halou a mistem nakladky automobilii na vlak.

ZAVERY

Letova méteni potvrzuji transport nanocastic atmosférického aerosolu do ovzdusi
nad sidlisté ze vzdalenych zdroji ale maly vliv emisi z mobilnich zdroji, odhaluji
emisi 40nm ¢astic z industridlnich zdroji nad arealem Skoda auto a.s. které jsou ve
shodé s vysledky rozptylové studie (EKOME, 2014). Nicméné, industridlni emise
nejsou rozptylovany do ovzdusi nad sidlisté. Souhrnné, vysledky letovych méreni jsou
v souladu s modelovym feSenim odhadu zdroji aerosolu na lokalité (Hovorka a kol.,
2015) zaloZenych na pozemnich mérenich.
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SUMMARY

Elevated concentrations of particle-bond PAHs are frequent urban air quality problem in
the Czech Republic. EU limit exceedance for B(a)P is everyday reality during cold period
of winter when, as a an extreme, we recorded peak daily value of 32,3 ng.m-3 of B(a)P in
2012 in the Ostrava city during comprehensive characterization of urban aerosol study.
The study comprises determination of 24 hours averages of 16 US-EPA PAHs in four size
aerosol fractions and hourly values for 17 elements in three size aerosol fractions.
Therefore, we may analyze relationship between highly time resolved peaks in
elemental composition and PAHs enrichment in size-segregated aerosol. The study
consisted of sampling campaigns conducted for 14 or 30 days in two cities in the Czech
Republic. In the first, we analyzed database recorded during 30 days campaign
conducted in Ostrava city in winter 2012. Due to very low air temperatures and low
wind-speeds heavy smog was formed and persisted for first 20 days of the campaign.
According to analysis, no simple relationship between PAHs and aerosol elemental
composition was observed probably because of main PAHs-containing emissions were
well mixed during the smog episode. In contrast, during the last 10 days of the
campaign, when temperature and wind speed have risen and smog was dispersed, we
observed enrichment of both heavy metal and B[a]P in fine aerosol fraction. Analysis of
wind speed/direction points to plume from heavy industry complex nearby the station.
In the city of Mlada Boleslav in 2013, there were lower aerosol particle concentrations
and the local heating was the dominant source of air pollution. In both cases there is no
simple relationship between c-PAHs and elemental composition.

This work was supported by the project CENATOX under grant GACR
P503/12/G147.

UvoD

Mira znecisténi méstského ovzdusi je vyznamnym faktorem kvality Zivota vétSiny
polycyklické aromatické uhlovodiky (PAU) a to zejména ty s prokazanymi
karcinogennimi vlastnostmi (k-PAU), které maji zpravidla vyssi relativni molekulovou
hmotnost a ochotné se vazi na vSudypritomné aerosolové Castice ve vzduchu. Spolu
s nimi mohou pronikat prostrednictvim dychani az do plicnich sklipkii ¢lovéka, kde se
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mohou zachytit a dokonce proniknout azZ do krevniho reciSté. Zda se Castice zachyti,
zavisi na jejich velikosti - na aerodynamickém priimeéru castic. Z toho diivodu je vhodné
analyzovat navazané latky na aerosolové Castice v riznych velikostnich frakcich, nebot
velikostni distribuce se v ¢ase méni v zavislosti na zdrojich, meteorologii apod.

Cilem méreni kvality ovzdusi ve méstech byva zpravidla i urc¢eni zdroji znecisténi,
které se pri stacionarnim méreni vyhodnocuji napt. faktorovou analyzou (PMF), kdy
jednotlivé faktory jsou kombinace prvkid, charakteristické pro jednotlivé zdroje
znecisténi.

Cilem této prace je prehledné srovnani koncentraci k-PAU s koncentracemi
chemickych prvki a také s jednotlivymi faktory PMF ve dvou velikostnich frakcich 0,17 -
1umal- 10 um s dirazem na zjisténi, zda se mezi prvky nenachazi indikator zvysenych
koncentraci k-PAU.

METODY MEREN{

Mérici kampané probéhly ve dnech 14. - 27. Gnora 2013 v centralni ¢asti mésta
Mlada Boleslav (50°25'32.661"N, 14°54'54.506"E) a 26. 1. - 21. 2. 2012 v Ostravé -
Radvanicich  (49°48'39.666"N, 18°20'16.300"E), kde byl odebiran aerosol
velkoobjemovym kaskadnim impaktorem (BGI-900, USA), ktery ho separuje dle
aerodynamického priimeéru ¢astic dae na hruby aerosol (1<dae<10 pm), horni akumulac¢ni
aerosol (0,5<dae<1 pm) a dolni akumula¢ni (0,17<dae<0,5 pm) zachytdvanim na
polyuretanovou pénu (PUF). Ultrajemny aerosol (dae<0,17um) byl zachytavan na
kiremenné mikrovlaknové filtry potazené PTFE (Pallflex TX40). Vzduch byl nasavan do
impaktoru ve vySce 4 m nad terénem. Vzorky aerosolu byly odebirany s integracni
dobou 23 h.

Koncentrace PAU v ziskaném aerosolu byly stanoveny v laboratorich ALS Czech
Republic s.r.o.,, Praha (EN ISO CSN IEC 17025). Aerosol byl ze substrati extrahovan
dichlormethanem a extrakt nasledné analyzovin na PAU metodou HPLC
s fluorimetrickou detekci podle standardniho postupu ISO 11338-2 (Hovorka et al,
2012). Stanoveny byly koncentrace 8 PAU, které jsou dle Mezinarodni agentury pro
vyzkum rakoviny IARC Klasifikovany jako kancerogenni (k-PAU). Byl analyzovan
benzo[a]antracen  (B[a]A), chrysen  (CHRY), benzo[b]fluoranten  (B[b]F),
benzo[k]fluoranten (B[k]F), benzo[a]pyren (B[a]P), dibenzo[ah]antracen (DB[ah]A),
benzo[gh,i]perylen (B[ghi]P), a indeno[1,2,3-cd]pyren (I[cd]P).

Chemické prvky byly méreny ve vzorcich ve trech velikostnich frakcich 0,12 - 0,34
pum, 0,3 - 1,15 pm, > 1,15 pm. odebranych shodinovym rozliSenim impaktorem
s rotujicim substratem (DRUM, UC Davis). Stanoveno bylo 27 chemickych prvk pomoci
S-XRF spektrometrie v laboratorich ALS Berkeley (USA).

JelikoZ vySe uvedené pristroje se lisi clenénim velikostnich frakci, bylo nutné sloucit
je do porovnatelnych celkl. U vysokoobjemového kaskadniho impaktoru byly secteny
koncentrace k-PAU frakci 0,5 - 1 pym a0,17 - 0,5 pm, které se porovnavaly
s koncentracemi prvki pristroje DRUM ve frakcich 0,34 - 1,15 um a 0,15 - 0,34 um. Dale
probéhlo srovnani ve frakci hrubého aerosolu 1 - 10 um.

Data byla zpracovana v programu CoPlot a CoStat.
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Graf 1: Ukazka vysledku zZ Mlade Boleslav1 2013 pro frakc1 O 17 - 1 pm.
vyneseny 23 hodinové primeéry koncentraci k-PAU, barevné koncentrace prvki,
respektive faktory PMF
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Cerné jsou

VYSLEDKY, DISKUSE, ZAVERY

Na zakladé srovnani koncentraci k-PAU a chemickych prvki v ¢ase na lokalitdch Mlada
Boleslav (2013) a Ostrava (2012) bylo zjiSténo, Ze neexistuje Zadna jednoducha korelace
mezi koncentracemi chemickych prvki s koncentracemi k-PAU.

Prikladem vystupu je graf 1, ktery znazornuje frakci 0,17 - 1 pm v Mladé
Boleslavi 2013. V kazdém dil¢im grafu jsou cerné vyneseny 23 hodinové priméry
koncentraci k-PAU a barevné koncentrace jednotlivych chemickych prvka s hodinovou
rezoluci. Je zde patrné, Ze vzriistajici koncentrace prvkl neindikuji nartist koncentraci
PAU, ktery je zretelny naptiklad ve dnech 24. - 25. 2. 2013. V Mladé Boleslavi byly
dominantnim zdrojem zneciSténi ovzdusi lokalni topenisté (Hovorka et al., 2015), coZ je
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patrné i z posledniho radku grafu, kde je vynesen hnédou barvou PMF faktor ,spalovani
biomasy“ a zelenou barvou koncentrace PMo,15-1,15, které vzajemné koreluji. Vzhledem
k tomu, Ze i koncentrace k-PAU vykazuji obdobny pribéh, lze z toho vyvozovat, Ze
zdrojem k-PAU jsou zde prevazné lokalni topenisté.

Odlisna situace byla v Ostravé 2012, kde ve znecisténi ovzdusi hraje vyznamnou roli
tézky pramysl (Pokorna et al, 2015). Béhem sledovaného obdobi byla ve dnech 26. 1. -
14. 2. smogova epizoda, pri které byly vzdusné masy dobre promichany a nebyl patrny
zadny indikator zvySenych koncentraci k-PAU. Poté nasledovala zména pocasi
provazena zmeénou rychlosti a sméru vétru, zvySenim teploty a celkovym ubytkem
koncentraci prachovych castic. Vtomto obdobi byl patrny vztah mezi zvySenim
koncentraci k-PAU a koncentracemi zeleza, olova a chromu u obou frakeci.

Vysoké koncentrace k-PAU, presahujici limit WHO pro benzo(a)pyren (B[a]P) 1
ngm-3, navazané na jemny aerosol, predstavuji v zimnim obdobi vazZné zdravotni riziko.
K prekracovani tohoto limitu dochazelo nejen v Ostravé, kde hodnoty B[a]P byly vyssi az
o dva rady, ale k prekrocCeni dochazelo i v Mladé Boleslavi kazdy méreny den vyjma
jednoho. Z téchto diivodili je vhodné hledat spolehlivy indikator zvySenych koncentraci
k-PAU, kterym bohuZzel koncentrace chemickych prvki na téchto lokalitaich nebyly.
Piresto je ale uZitetné zobrazeni prvkd spolu skoncentracemi k-PAU vzhledem
k zjiStovani jejich moZnych zdroji a dalSich souvislosti.
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SUMMARY

In this work the organic compounds and organic markers used for the identification of
sources of aerosols were measured in PM1 in a small town Celakovice. Monosaccharide
anhydrides and resin acids (emissions from biomass combustion) and polyaromatic
hydrocarbons (emissions from traffic and incomplete combustion) were observed
especially. Hopanes, steranes (traffic, coal combustion) and alkanes were next groups of
analysed organic compounds. Markers were studied in the size fraction PM1 because
this fraction of aerosols is the most harmful to human health.

UvoD

V atmosféie se nachazi mnoho organickych sloucenin vazanych na aerosolové
Castice, které jsou produkovany nejriznéjSimi zdroji: primarni (prirodni, antropogenni)
a sekundarni (reakce v atmosfére). Antropogennimi zdroji aerosolu jsou napft. spalovani
ropy, plynu, fosilnich paliv, dfeva nebo odpadd, dale automobilova doprava, primys],
skladky odpadti a dalsi (Kitimal a kol., 2012). Atmosférické aerosoly ptlisobi skodlivé
také na lidské zdravi. Dlouhodoba expozice vysokych koncentraci atmosférického
aerosolu se projevuje zvySenim umrtnosti, poftu nadorovych onemocnéni plic a
kardiovaskularnich onemocnéni (Brunekreef a Holgate, 2002). Skodlivost
atmosférickych aerosolli na lidské zdravi je ddna nejen velikosti jejich ¢astic, ale i jejich
chemickym slozenim (Kitimal a kol., 2012).

Bylo sledovano chemické sloZeni frakce PM1 v Celdkovicich se zaméfenim na
analyzu molekulovych markert, které se vyuzivaji pro identifikaci emisnich zdroji
aerosold.

METODY MERENI

Organické slou¢eniny byly analyzovany v méstském aerosolu v Celakovicich (21. 1. -
5. 2. 2015) ve frakci PM1. PM1 aerosol byl odebiran pomoci velkoobjemového
vzorkovace DHA-80 (Digitel) na kifemenné filtry o priméru 150 mm (pritok vzduchu
30 m3/h) ve 12 hodinovych intervalech (6:00 - 18:00, 18:00 - 6:00). Celakovice (12 tisic
obyvatel) leZi 9 km severovychodné od Prahy.

Filtry byly rozstrihany na 2 Casti. Prvni ¢ast byla pouZita pro spoleCnou extrakci
anhydridd monosacharidii, pryskyticnych Kkyselin, monosacharidd, disacharidi a
alditolti (cukernych alkoholi) pomoci smési dichlormethan/methanol (1:1 v/v) v
ultrazvukové vodni lazni. Extrakty byly odpareny pod proudem dusiku do sucha a
derivatizovany smési BSTFA + 1% TMCS (N-methyl-N-trimethylsilyltrifluoroacetamid +
1% trimethylchlorosilan) obsahujici pyridin. Takto derivatizované vzorky byly odpareny
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do sucha, rozpustény v hexanu a analyzovany pomoci GC-MS (Kitmal a kol., 2010). Ve
druhé casti byly analyzovany alkany, hopany, sterany a polycyklické aromatické
uhlovodiky (PAU). Extrakce probihaly smési hexan/dichlormethan (1:1 v/v). Extrakty
byly frakcionovany na koloné se silikagelem do dvou frakci. Hexanova frakce obsahovala
alkany, hopany a sterany a hexan/dichlormethanova frakce obsahovala PAU. Po
zkoncentrovani frakci nasledovala analyza pomoci GC-MS (Kitimal a kol., 2013; MikuSka
a kol., 2015).

VYSLEDKY A DISKUSE

Hmotnostni koncentrace PM1 v Celakovicich se pohybovaly mezi 8,51 - 32,4 pg/m3
(Obr. 1). Hmotnostni koncentrace PM1 byly vétSinou v noci vyssi nez ve dne (Obr. 2).
Procentudlni prispévek analyzovanych organickych sloucenin v PM1 C¢inil 2,40 %.
Pribéhy hmotnostnich koncentraci analyzovanych organickych sloucenin jsou uvedeny
na Obr. 3. Nejvyssi koncentrace byly nalezeny pro anhydridy monosacharidii, coZ souvisi
s vys$$im spalovanim biomasy (dieva) v zimnim obdobi. Emisnim zdrojem PAU mize byt
spalovani jakéhokoliv organického materidlu (spalovani biomasy, fosilnich paliv,
odpadii, emise z automobilové dopravy a priimyslu a dal$i). Mezi organické markery
dopravy a spalovani uhli patfi hopany a sterany. Sterany se do ovzdusi emituji pouze z
motorovych olejii, zatimco hopany z dopravy (motorové oleje) a ze spalovani uhli. Pro
identifikaci spalovani rtiznych typl uhli se uzivaji diagnostické poméry R- a S- isomeri
17a(H),21B(H)-homohopanu. Homohopanovy index [S/(S+R) = 0,08 (0,05 - 0,14)] a
pritomnost picenu indikuje spalovani hnédého uhli. Emisni zdroje mliZeme od sebe
rozlisit také pomoci diagnostickych pomért PAU, avsak jejich vyuziti je problematické,
protoze hodnoty téchto poméri se vzajemné prekryvaji. Dalsi nevyhodou pouziti
diagnostickych pomérl je reaktivita PAU v atmosféie v pritomnosti NO2, O3 a OH
radikalt (Kitmal a kol, 2012; Kitimal a kol, 2013).
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Obr. 1: Pribéhy hmotnostnich koncentraci PM1 (pug/m3) a sumy analyzovanych
organickych slou¢enin (ng/m3) béhem méieni v Celakovicich.
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Obr. 3: Pribéhy hmotnostnich koncentraci analyzovanych organickych sloucenin
(ng/m?3) béhem méteni v Celakovicich.

PM1 silné korelovaly s anhydridy monosacharidi, alkany, hopany, sterany a PAU,
coZ dokazuje spalovani organického materidlu a dopravu jako hlavni emisni zdroje
v Celakovicich. Silné korelace byly nalezeny také mezi retenem a kyselinou
dehydroabietovou (spalovani jehlicnatého dreva) a mezi picenem, hopany a PAU
(spalovani uhli).
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ZAVER

Hmotnostni koncentrace PM1 byly u vétSiny dni vy$Si béhem noci nez béhem dne.
Nejvyssi koncentrace byly nalezeny pro anhydridy monosacharidd, které pochazeji ze
spalovani biomasy. DalSimi identifikovanymi emisnimi zdroji byla doprava (hopany,
sterany, alkany a PAU) a spalovani uhli (hopany, PAU). Vzhledem k tomu, Ze témér
vSechny skupiny analyzovanych organickych sloucenin (vyjma sacharidli) a markeri
silné korelovaly s hmotnostnimi koncentracemi PM1, je velmi obtiZné specifikovat
pirevazujici emisni zdroj v Celakovicich.
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SUMMARY

The essential task of the air quality monitoring at the KoSetice Observatory (operated by
CHMI) is to detect the long term trends of measured pollutants at the background scale
of the Czech Republic. One of the longest homogeneous data time series is PMio
measurement (since 1996). Mean annual concentration decreased from 30.6 to 18.5
pg.m3 during 19 years of measurement. Test of trend significance proved downward
trend with significance level o= 0.05. Location of the main sources of high concentration
with use modeled air mass sectors and polar graf from real measurement wind speed
and wind direction, were detected from NE, E and SE.

UvoD

Observator KoSetice leZici na SZ okraji kraje Vysocina, byla zaloZena v roce 1988.
Jeden z hlavnich cili této pozad'ové stanice je poskytovat informace o dlouhodobych
trendech vyvoje koncentraci monitorovanych polutantd na regionalni trovni Ceské
republiky. I presto, Ze priority méreni se béhem let ménily, vZdy byla snaha udrZet
existujici méfreni po co nejdelsi dobu a v odpovidajici kvalité. Po vice nez 25 letech
existence observator disponuje mnoha fadami dlouhodobych méreni. Jednim z nich je i
automatické meéreni pevnych ¢astic PM1o (Vana et al., 2014). Monitorovani koncentraci
PMi1o , zahajené v roce 1996, je soucasti Statni imisni sité (SIS) automatického imisniho
monitoringu (AIM). Pro wurCeni hmotnostni koncentrace je pouzivdna metoda
radiometrie (absorpce beta zareni ve vzorku zachyceném na filtracnim materidlu
(CHMU, 2014a)). Observatot Kosetice je zapojena do nékolika mezinarodnich programi
a projektid (ACTRIS-2, GAW, EMEP, ICP-IM, GAPS). V ramci programu EMEP jsou pro
jednotlivé ziacastnéné stanice k dispozici nastroje pro hodnoceni dlouhodobych trendi
(program Makesens, model zpétnych trajektorii), které jsou samoziejmé dostupné i pro
stanici KoSetice.

HODNOCENI TRENDU PM10

Koncentrace PM1o na pozadové stanici KoSetice od pocatku méreni klesla z ro¢ni
primérné hodnoty 30,6 ug.m3 v roce 1996 na 18,5 ug.m- v roce 2014. V letech 2001-
2006 doslo k nartistu koncentraci, které dosahly svého maxima v roce 2003 (primérna
ro¢ni koncentrace 30,5 pg.m=3 ) (Obr.1). Obdobny chod koncentraci se projevil i na
ostatnich stanicich sit¢é AIM CHMU (Cesky hydrometeorologicky tstav). Nartst
koncentraci ve zminovaném obdobi byl mimo jiné ovlivnén vyskytem nepriznivych
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rozptylovych a meteorologickych podminek (v roce 2003 bylo naméreno podnormalni
mnozstvi srazek) (CHMU 2014b).
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Obr. 1 Mési¢ni a ro¢ni chod primeérnych koncentraci PM1o (ug.m-3) mérenych na
Observatori KoSetice (1996-2014).

Hodnoceni dlouhodobého chodu koncetraci PMio v KoSeticich (Obr.2) Mann-
Kendallovym testem (program Makesens), prokazalo Kklesajici trend koncentraci s
hladinou vyznamnosti o= 0,05 (Maatta, Salmi, et al., 2002).
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Obr. 2 Hodnoceni ro¢nich koncetraci PM1o Mann-Kendalovym testem vyznamnosti
trendli mérenych na Observatoii KoSetice (1996-2014).
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Od roku 1988 jsou, centrem EMEP-MSC-W (Meteorological Synthesizing Centre -
West) pro stanici KoSetice, poc¢itany denni sektory z nichZ prichazeji vzduchové hmoty.
Ty jsou modelovany za zakladé zpétnych trajektorii za poslednich 96 hodin. Oblast
kolem cilového bodu (o rozloze od 50 do 150 km) je rozdélena na 8 sektorti odpovidajici
svétovym strandm. Kritériem pro ptirazeni daného sektoru sméru vétru je minimalné 50
% shodnych trajektorii v opatném pripadé jsou hodnoty pro dany den oznaceny jako
nezaraditelné (EMEP, 2015). Tyto modelové sektory slouZzily, jako jeden z nastrojti, pro
urceni polohy hlavnich zdroji vysokych koncentraci PMio v KoSeticich. S vyuzitim
programu TRACE2000 byly zpracovany data z let 1996-2012. Nejvyssi koncentrace,
prrevysujici primérnou hodnotu 30 pg.m3 jsou detekovany z SV, V a JV sektoru (Obr.3).
Z nejfrekventovanéjstho sméru vétru (Z) je vliv koncentraci nejmensi, stejné jako u SZ
sméru (koncentrace z téchto sektorti maji primérnou hodnotu 16,8 a 18,2 pg.m3).

M primérna koncentrace PM10

S
40 upfevladajici smér vétru
Sz 30 . sy

Obr. 3 Priimérné koncentrace PM1o (pg.m-3) v zavislosti na modelovych sektorech
sméru proudéni a prevladajici smér vétru (%) na Observatori KoSetice (1996-
2012).

JelikoZ je Observator KoSetice také profesiondlni meteorologickou stanici disponuje
podrobnymi a vysoce kvalitnimi meterologicky daty. Diky tomu je moZné sestavit
polarni graf zavisloti koncentraci PM1o na sméru a rychlosti vétru. Nejvyssi koncentrace
PM1o jsou méreny pri JV sméru vétru (Obr. 4), zejména pri vysokych rychlostech vétru
nad 10 m.s'l. Z vysledkt (Obr. 3 a Obr. 4) je zfejmé, Ze modelové sektory proudéni
vzduchu jsou stejné kvalitnim podkladem pro urceni sméru zdroji zneciSténi, jako
redlna méteni. Obé porovnani prokazaly zvySeny vliv z JV a SV sméru.
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Obr. 4 Polarni graf zavislosti koncentrace PM1o (pg.m-3) na rychlosti a sméru vétru
na Observatori KoSetice (1996-2014).

LITERATURA

CHMU. Souhrny tabelarni piehled [online], citace dne 20.9.2015, dostupné na www:
http://portal.chmi.cz/files /portal/docs/uoco/isko/tab roc/2014 enh/pdf/kom CZ.pdf;
2014a

CHMU. Znecisténi ovzdusi na tizemi Ceské republiky v roce 2013 [online], citace dne 25. 9.
2015, dostupné z WWW.
http://portal.chmi.cz/files/portal/docs/uoco/isko/grafroc/13groc/grl3cz/Obsah CZ.h
tml, 2014b

EMEP - 2D Trajectory data, [online], citace dne 25.9.2015, dostupné z WWW.
http://www.emep.int/Traj data/traj2D.html, 2015

Maatta, A., Salmi, T., et al, Excel template for the calculation of trend statistics of annual
time series. Helsinki, FMI, 2002

Vana M., Dvorskd A. KoSetice Observatory-25 years. 1st ed. Prague: Czech
Hydrometeorological Institute, 2014, 91 s. ISBN 978-80-87577-40-0.

38


http://portal.chmi.cz/files/portal/docs/uoco/isko/tab_roc/2014_enh/pdf/kom_CZ.pdf
http://portal.chmi.cz/files/portal/docs/uoco/isko/grafroc/13groc/gr13cz/Obsah_CZ.html
http://portal.chmi.cz/files/portal/docs/uoco/isko/grafroc/13groc/gr13cz/Obsah_CZ.html
http://www.emep.int/Traj_data/traj2D.html

CHARAKTERIZACE VZORKU POULICNIHO PRACHU Z PLZNE, PRAHY A OSTRAVY
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SUMMARY

Urban air quality deterioration is multifactorial problem. One of the factors is dispersion
of street dust. This study was conducted to characterize grain size distribution, shape
and mineral composition of street dust particles and to test functionality of
resuspension chamber to determine mass fraction of a street dust prone to form aerosol
particles less than 10 microns of aerodynamic diameter, i.e. street dust emission
potential. There were 9 street dusts sampled at central city square, tramway pavements
near the tram stop and roadside in Prague, Plzen and Ostrava. The highest/lowest
emission potential was determined for street dust in Masaryk Square in Ostrava (1.8%)
and for street dust in roadside in Plzen (0.03%) respectively. Nevertheless, all street
dusts from Plzen contained high number of asbestos fibers.

UvoD

Jednim z vyznamnych zdroji aerosolovych castic PMio v méstském ovzdusi je
resuspenze pouli¢niho prachu. Charakterizace jeho fyzikalné-chemickych vlastnosti ndm
miiZe pomoci pii objasnovani intenzity a ptivodu znecisténi PM1o v méstském prostiedi.
Hlavnim cilem experimentu bylo ovéreni funknosti automatického pneumatického
rozprasovace na redlnych vzorcich pouli¢niho prachu z Plzné, Prahy a Ostravy pro
stanoveni jejich velikostni distribuce castic v respirabilni frakci a stanoveni jejich
emisniho potencialu.

EXPERIMENT

Odbér vzorkl poulicniho prachu probihal ve dnech 15. 2. 2014 a 16. 2. 2014 v
Ostravé, 20. 2. 2014 v Praze a 25. 2. 2014 v Plzni. V dobé odbéru byl zpevnény povrch
suchy bez snéhové pokryvky. Celkem bylo odebrano a vysuSeno tficet osm vzorkl
(Ostrava - 13, Praha - 11, Plzen - 14). Vzorky byly odebrany pomoci smetacku a lopatky
ze zpevnéného povrhu z priblizné stejné plochy 0,5 m2. Odebrané vzorky byly uloZené
do oznacenych PE sacku. Dale byly vzorky suSeny pii teploté 50°C po dobu 24 hodin a
nasledné presitovany sadou sit s mezerami ok 0,63 mm, 0,2 mm, 0,1 mm a Tylerovym
sitem (0,037 mm). V ramci experimentu byla v resuspenzni komoie rozprasovana
podsitna frakce (0,037 mm). Z kazdého meésta bylo vybrano po trech vzorcich z
charakteristickych lokalit (centralni namésti, tramvajovy pas u zastavky v centralni casti
mésta, kraj zpevnéné komunikace u obrubniku v centralni ¢asti mésta).
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Resuspenzni komora Laboratote pro studium kvality ovzdusi UZP PiF UK je nadoba
ve tvaru kovového valce (V = 0,437 m3, S = 0,35 m2), umoznujici rozptyleni praskového
vzorku za definované teploty a vlhkosti. Ke komore je pripojen spektrometr APS (model
3321), ktery v intervalu 5 sekund sleduje velikostni distribuce ¢astic v rozmezi od 0,524
do 20 um. Pneumatickou disperzi vzorki, ktera je pomérné rychla, zajistuje automaticky
pneumaticky rozprasovac s dobrou opakovatelnosti a ddvkovacem na 5 vzorki. Béhem
50 ms po otevieni trysky je pevny vzorek o navaZce 5mg kompletné dispergovan.
Jednotlivé velikostni distribuce poc¢tu a hmotnostni koncentrace ¢astic byly méreny s 5
vterinovym c¢asovym rozliSenim po dobu 2,5 hodiny.

VYSLEDKY A DISKUSE

Odebrané vzorky byly po vysuSeni podrobeny sitové alalyze. Z obrazku ¢. 1 je
patrné, Ze vzorky maji rtizné zastoupeni velikostnich frakci. Vzorky z tramvajovych pasi
a u kraje komunikaci jsou pomérné hrubé. Podle tvarové a mineralogické analyzy se
jedna zejména o zbytky zimniho posypového materialu.
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Obr. 1: Procentudlni zastoupeni jednotlivych frakci poulicniho prachu ze sitové
analyzy

V resuspenzni komore byla rozpraSena podsitna frakce 0,037 mm jednotlivych
vzorkl a nasledné stanoven hmotnostni podil jednotlivych velikostnich frakci. Jak je
patrné z obrazku ¢. 2 vzorky z Plzné, které ve vySe uvedené sitové analyze se
projevovaly jako hrubsi, naopak po rozpraseni vykazovaly vétsi podily v jemnéjSich
frakcich v porovnani s ostatnimi vzorky.
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Obr. 2: Hmotnostni podil jednotlivych velikostnich frakci rozprasSenych vzorka
podsitné frakce 0,037 mm.

Na obr. ¢. 3 a, b, ¢ jsou vyobrazeny velikostni distribuce hmoty ¢astic v ¢ase od doby
rozpraseni pro danné charakteristické lokality.
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Obr. 3a: Velikostnich distribuci aerosolu od nastriku v ¢ase 0, 5, 20, 35,50, 1 h 5 min
(DlaZba na namésti)
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Obr. 3b: Velikostnich distribuci aerosolu od nastriku v ¢ase 0,
(Tramvajovy pas)
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Obr. 3c: Velikostnich distribuci aerosolu od nastriku v ¢ase 0,
(Kraj zpevnéné komunikace u obrubniku)
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Jak je patrné z uvedenych dat, nejrychlejsi sedimentace je u prazskych vzorkil

(PHA15, PHA24) a u vzorku z tramvajového pasu z Plzné.

Vramci experimentu byl stanoven emisni potencidl resuspendovatelné slozky
pouli¢niho prachu. Resuspendovatelna slozka prachu je takovou sloZkou prachu, ktera
zahrnuje pevné Castice, které mohou byt znovu zvireny pilisobenim vétru, nebo lidskou
¢innosti a néjakou dobu pretrvaji v atmosféie ve formé atmosférického aerosolu.
Emisnim potencialem vzorku se rozumi aerosolizovatelny podil vzorku, ktery obsahuje
Castice o aerodynamickém priméru mensi nez 10 pm. Aerosolizovatelny podil z
podsitné frakce 0,037 mm pro kazdy rozpraSeny vzorek je vyobrazen na obrazku ¢. 4.
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Obr. 4: Aerosolizovatelny podil z podsitné frakce 0,037 mm

Dale byl stanoven hmotnostni podil resuspendovatelné slozky pouli¢niho prachu z
celkové hmotnosti vzorku prachu, tzn. emisni potencial (obr. 5).

2.5

®Dlazbananamésti » Tramvajovy pis ® Krajzpevnéné komunikace u
obrubniku

tencial |[%]
- ~
w o

o
=]

Emisni

0.5
.
0.0

OSTRAVA PRAHA PLZEN

Obr. 5: Hmotnostni podil resuspendovatelné slozky pouli¢niho prachu z celkové
hmotnosti vzorku prachu

Nejvyssi emisni potencidl byl zjistén u vzorku odebraného z dlazby na ndmeésti v
Ostravé, ktery je skoro 4 krat vyssi, nez prazsky a 6 krat vyssi, nez plzensky. To je moZné
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vysvétlit tim, Ze ostravsky vzorek z namésti obsahuje nejvyssi podil ¢astic v podsitné
frakci (20,7%), neZ prazsky (13,5%) a plzensky (3,7%).

ZAVER

Vramci experimentu bylo v resuspenzni komoie rozpraSeno devét vzorkil z
vybranych lokalit (nAmésti v centru mésta; tramvajovy pas u zastavky v centralni ¢asti
mésta; kraj zpevnéné komunikace u obrubniku v centralni ¢asti mésta).

Pro kazdy vybrany vzorek byla provedena sitova analyza, béhem které bylo zjiSténo,
Ze pouli¢ni prach, ktery obsahuje velky hmotnostni podil v hrubé frakci, miize obsahovat
i pomérné velky hmotnostni podil jemnych snadno resuspendovatelnych frakci.

Velikostni distribuce castic je jednim z KkliCovych parametr(i, ktery ukazuje na
chovani Castic a na jejich acinky na zdravi lidi. Plzeriské vzorky ve srovnani s ostatnimi
vzorky mély nizsi velikostni distribuce hmotnosti s modem castic (d = 1,61 - 2,12 um), a
proto mély delSi dobu sedimentace (Ts ~ 2 h aZ 2 h 40 min), neZ vzorky z Prahy (d =
1,84 - 2,5 um; Ts ~ 1 h 10 min aZ 2 h 30 min) a Ostravy (d = 1,98 - 2,16 pm; Ts =1 h 40
min az 2 h 30 min).

Nejvyssi emisni potencial byl stanoven u vzorku z Masarykova namésti v Ostravé -
1,8%; Vaclavské namésti v Praze - 0,5%; ndmésti Republiky v Plzni a tramvajovy pas v
komunikace u obrubniku v Plzni - 0,03%; ostatni vzorky maji - 0,2%. Vysledky prace
ukazuji, Ze odebrany pouli¢ni prach se lisi v zastoupeni velikostnich frakci a jeho
potencidlem prispivat ke zneciSténi ovzdusi pri jeho znovuzvireni. Experiment rovnéz
ovéril dobrou funkci nového automatického pneumatického rozpraSovace, umisténého v
resuspenzni komofte, na redlnych vzorcich.
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SUMMARY

Nucleation of sulfuric acid with water is one of key processes during new particle
formation in the atmosphere. Despite the fact that first experiments dealing with binary
nucleation of H2S04-H20 appeared in the seventies of the 20th century (Reiss a spol.
(1976)), its mechanism is still not fully understood. This is largely due to difficulties in
specifying atmospheric conditions under which nucleation occurs and complexity of
laboratory experiments. In studies on binary nucleation using flow chambers with
turbulent mixing of components (most often used technique), the experimentalists face
two major problems. They have to determine the position of the nucleation zone as
accurately as possible, and, at the same time, define acid vapor concentration in the
nucleation zone. In this paper we present a Laminar Co-Flow Tube a device for
measuring of binary nucleation which overcomes both of these problems. First results
on nucleaction rates obtained on this type of device show that it is a useful tool for
studying binary nucleation.
UvoD

Nukleace kyseliny sirové s vodou je jednim z klicovych procest vzniku novych ¢astic
v atmosfére. Presto, Ze prvni experimenty zabyvajici se binarni nukleacii H2S04- H20 se
objevily jiz v sedmdesatych letech 19. stoleti, jeji mechanismus stale jesté neni zcela
popsan. Je to zplisobeno predevSim obtizné definovatelnymi atmosférickymi
podminkami, za kterych k nukleaci dochazi, a naroc¢nosti laboratornich experimentd,
které tento jev zkoumaji. V tomto prispévku predstavujeme inovovany typ zatizeni na
méfeni bindrni nukleace - laminarni souproudou komoru (LCFT). Prvni vysledky
naméiené na LCFT ukazuji, Ze se jedna o relevantni nastroj ke studiu binarnich nukleaci.

METODY MERENI

Lamindrni souproudd komora je vlastné trubka v trubce, kde vnitini trubkou je
privadéna smés nasycenych par kyseliny sirové v dusiku a jako obalovy proud je
priblizné stejnou postupnou rychlosti prividéna smés nasycené vodni pary v dusiku.
Stredova trubice po nékolika desitkach cm konc¢i a na jejim britu dochazi k difuznimu
kontaktu obou smési, které spolu pak dale teCou komorou. Laminarni souproud lze
modelovat a ziskat tak polohu nuklea¢ni zdény, ve které dochazi ke vzniku stabilnich
zarodkll nové faze. Tyto zarodky v presycené smeési dale rostou a jsou neseny ven
z komory. Diky umisténi kyseliny do osového proudu a tomu, Ze difazni koeficient
kyseliny v dusiku je mnohem niz$i nez difuzni koeficient vody v dusiku, jsou ztraty
H2S04 na sténach zarizeni efektivné potlaCeny. Na vystupu zkomory jsou castice
detekovany kondenzacnim citacem castic s predrazenym zvétSovakem klastrii (PSM,
AirModus).
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MATEMATICKY MODEL A ZPRACOVANI VYSLEDKU

Momentova a hmotnostni bilance byly reSeny pomoci programu Fluent 14.5. SloZeni
vstupnich prouda bylo ziskdno vypoctem z tlaki nasycenych par vody (Katz 1967) a
kyseliny sirové (Kulmala 1990) za teploty syticl. Na zakladé znalosti teplot, téchto tlakd,
a pritoki bylo vypocteno slozeni smési v kazdém misté aparatury a byly ziskany profily
relativni vlhkosti Rh a relativni kyselosti Ra. Teoretickd nukleacni rychlost Jineor byla
vypoctena podle Wyslouzil a spol. (1991) a experimentalni rychlost nukleace Jexy jako
funkce T a Ra byla urcena pomoci parametrizace Wagnera a Anisimova (1993) z toku

castic detekovanych na vystupu z komory pomoci PSM (viz Obr. 1).
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Obr. 1: Zavislost exp. nuklea¢ni rychlosti na koncentraci H2S04 v komote, T=25°C

VYSLEDKY, DISKUSE, ZAVERY

Ziskané nukleac¢ni rychlosti jsou zhruba o dva rady nizsi, nez vysledky ziskané
jinymi autory na priito¢nych aparaturach. Posun nukleacni isotermy smérem k vys$sim
koncentracim H2S04 miiZe byt zptsoben vysokou c¢istotou nami pouZitych latek, které
neobsahuji primésy amin a jinych sloZek stabilizujicich kritické klastry. Ukazali jsme, Ze
LCFT je relevantnim nastrojem pro méreni nukleac¢nich rychlosti bindrnich smési.
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INTRODUCTION

In the absence of internal sources, particle number concentrations indoors
are largely dependent on concentrations outdoors (Hussein et al, 2006). Once
indoors, particles are subjected to changes in temperature, relative humidity and
different organic compounds, changing the particles physico-chemical state.
(Lunden et al., 2003).

As people spend most of their time indoors it’s important to understand how
outdoor originating particulate can migrate indoors, their relative abundance indoors
and how physico-chemical processes acting upon particulate can change the overall
aerosol composition. Species volatility can complicate indoor data, change mass size
distribution profiles, and implant artifacts on data measurements, enhancing
uncertainty on results. This research describes the findings from high temporal
resolution 1/0, offline and online measurements, identifies outdoor aerosol loading
dynamics and describes proportional compositions indoors relative to calculated I/0
ratios.

EXPERIMENTAL SETUP

Data was collected from a ground floor flat in Suchdol, Prague during summer
2014. The flat is located in a residential area in northwestern Prague about 6 km from
the city centre and is recognized as a suburban background site. Particle number
size distribution profiles were collected using a Scanning Mobility Particle Sizer
(SMPS) model TSI 3936L consisting of a long DMA 3081 and CPC 3775. The SMPS
scanned 64 channels per decade, through sizes 14.8-724nm with 3-minute up-scan,
30 second down scan and 90 second purge. An Aerodyne Compact Time of Flight
Aerosol Mass Spectrometer (C-ToF AMS) ran alongside the SMPS sampling every
minute, providing real-time chemical composition data (Drewnick et al., 2005).

Sequential sampling was conducted using an automated switching valve
which allowed two-5 minute SMPS scans outdoors followed by two scans indoors. Two
Berner Low Pressure Impactors (BLPI) were used for a size resolved chemical
composition analysis with one BLPI located indoors and one outside. Substrate
filters were changed every 24 hours. Meteorological data was collected from a
permanent air research station located within the same ICPF compound where all
measurements were collected.
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RESULTS AND CONCLUSIONS

A New Particle Formation (NPF) event on the afternoon of Saturday 30th
August shows a clearly defined, size resolved, outdoor-indoors infiltration [Fig 1].
This allowed for the calculation of an [/O ratio using time/size subsects during
the NPF event. Ultrafine particles <40nm in diameter had the lowest [/0 ratio at
0.45 whilst particles >80nm in diameter gave a consistent ratio between 0.65-0.7.
Apparent growth rate defining particle growth between 20-50nm during the same
NPF event were 4.4nm/hr outdoors.
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concentration.

Size characterization of NR-PM1 from AMS measurements gives outdoor and
indoor modal diameters for Organic matter, NH4, NO3 and SO4 between 300-500nm.
Further intercomparison of these non-refractory species shows indoor NO;
concentrations were proportionally far lower than expected when considering the
[/0 ratio. The known volatility of NH4sNO3; was identified as the most likely cause.
Larger NO3 mass concentration losses were observed on substrate from concurrent
BLPI measurements. This difference highlights the time dependent factor when
accounting for semi-volatile species.
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INTRODUCTION

Indoor air pollution in libraries and archives can be harmful to paper-based
materials stored there. Adverse effects caused by gaseous pollutants are well described,
but less is known about airborne particles. The discussion regarding this issue mostly
concerned the soiling of the paper, the possibility of surface abrasion or microbiological
infestation (Hatchfield, 2002), but studies about the effect of particulate matter (PM)
composition are scarce. This work was focused on the changes in the properties of
cellulose-based paper caused by different size-resolved chemical components of PM.

EXPERIMENTAL SETUP

The sampling was carried out in the winter, spring, summer and autumn of 2012. A
24-h samples were collected using six Leckel LVS-3 instruments (Sven Leckel
Ingenieurbiiro, Germany). The fractions PM1 and PM10 from the indoor air of
depositories of the State Regional Archives in Tfeboii and the Research Library of South
Bohemia at Zlata Koruna were collected on cellulose filters (Whatman 41), which were
selected as a representative of cellulose-based paper. In parallel the same size fractions
were collected on Teflon (Pall, pore size 2 pm) and quartz filters (Pall, Tissuequarz).
These samples were analysed gravimetrically (Sartorius M5P, Data Weighing Systems,
USA), by Ion Chromatography (Dionex ICS-5000, Thermo Scientific, USA), PIXE (3MV
Tandetron accelerator, High Voltage Engineering Europa, Netherlands) and thermal-
optical method (EC/OC analyser Model 4, Sunset Laboratory, USA), giving mass, ionic,
elemental and organic (OC) and elemental carbon (EC) concentrations.

The cellulose samples were aged at 80 °C and a relative humidity of 65 % for 28
days in the environmental test chamber (Espec PR-2KP, Japan), according to the
standard ISO 5630-3:1996. The extent of degradation was expressed as a decrease in the
viscosity-average degree of polymerisation (DPv) of cellulose measured by a semi-
automatic viscometer (TV2000AKV, Tamson Instruments, Netherlands).

RESULTS AND CONCLUSIONS

The submicrometre fraction dominated in all samples, constituting more than 80 %
of PM. Organic matter was the dominant component of both fine and coarse fractions. In
the fine fraction, the next most abundant components were EC and sulphate, and in the
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coarse fraction the next most abundant were crustal matter and sulphate (Maskova et
al,, 2015).

The results showed that the cellulose-based paper can undergo substantial changes
when contaminated by PM and artificially aged. The decrease of the DPy of cellulose
showed a negative correlation with the deposited mass of sulfate in the particles.
Considering the particle size fraction, the results suggest the decisive importance of the
fine PM (Figure 1) (Bartl et al.,, 2015).
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Fig. 1: DPy of cellulose in relation to the deposited sulfate mass. The parallel PM1 and

PM10 samples are connected by a line. Blank = unexposed aged filters.
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SUMMARY

Chemical composition of particles and gaseous compounds in emissions of spark-
ignition engine depends on operation cycle and the method of formation of the fuel
mixture. Particulate emissions (both particle mass and especially particle number
concentration) were significantly higher at engine with the direct formation of mixture
(engine DISI) than at engine with indirect formation of the mixture (MPI), and were
affected both by the operating conditions and by the fuel used.

UvoD

Jemné prachové castice emitované z automobilli jsou v soucasnosti povazovany za
hlavni zdroj zneciSténi v méstském prostredi. MnoZstvi a sloZeni Castic zavisi na
pouzitém palivu, mazacim oleji a technologii vozidla (Spencer, 2006). Kromé castic
obsahuji automobilové emise i mnoho plynnych sloucenin. Nejrizikovéjsi z nich jsou
oxidy dusiku (NOx), a to predevsim oxid dusicity, ktery je pohlcovan v dychacich cestach
az z 90%. Plynné slouceniny produkované dopravou jsou nejvétSim zdrojem
uhlovodikovych prekursorti ozénu v Evropé (EEA, 2006).

SloZeni vyfukovych plynti z automobili pohanénych klasickymi palivy je predmétem
dlouhodobého zajmu mnoha studii, avSak pocet praci zabyvajicich se sloZenim
vyfukovych plynti z automobili pohdnénych alternativnimi biopalivy je omezeny.
Analyza procesu spalovani klasickych paliv a biopaliv naznaCuje zménu ve sloZeni
vyfukovych plynt a s nejvétsi pravdépodobnosti také odliSna rizika pro lidské zdravi pri
pouzivani paliv s riznym slozenim (Uf3ner and Miiller-Langer, 2009).

V této studii jsme porovnavali chemické sloZeni emisi (plynné slouceniny, ¢astice)
primé a neprimé tvorby smési dvou vozidel s benzinovym motorem, Ford-Focus (motor
s piimym vstfikovanim, DISI) a Skoda Fabia (motor s vicebodovym vsttikovanim, MPI).
Pri testech jsme pouzivali rozdilna paliva a riizné provozni cykly.

EXPERIMENTALNI CAST

Méreni probihalo na valcové zkuSebné MAHA AIP-ECDM 48L-4mot ve VTP v
Roztokach. Jako reprezentant automobilu s motorem s primym vstrikem (DISI) byl
pouzit Ford Focus. Automobilem reprezentujicim motor s nepfimym vstrikem byla
Skoda Fabia s vicebodovym nepiimym vstiikem paliva (MPI).
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Obr.1 Srovnani koncentrace organickych sloutenin (ng/mg) vazanych na castice
PM2.5 v emisich vozidla Ford-Focus pro riizné provozni cykly.

Vyfukové plyny vozidel byly odvaddény do plnopritokového redictho tunelu s
konstantnim priitokem (11 m3/min), kde se smisily s filtrovanym okolnim vzduchem. Z
tohoto tunelu byly odebirany vzorky pro nasledujici mérici zarizent:

- tradi¢ni sada ndastroji na méteni emisi z motori (HC - plamenoionizacni detektor
(FID), CO a CO2 - nedisperzivni infracervené spektrometry, oxidy dusiku (NOx) -
chemiluminiscen¢ni analyzator)

- dva FTIR analyzdtory pro méreni plynnych slozek (tyto vysledky zde nejsou
prezentovany)

- ¢itac netékavych castic s priimérem vétSim neZ 23 nm spliiujici pozadavky Programu
meéreni ¢astic - PMP oznacované jako pocet emitovanych ¢astic (PN)

- rychly klasifikator ¢astic (EEPS, Engine Exhaust Particle Sizer, Model 3090, TSI)

- vysokoobjemové vzorkovacCe castic: DH-77 (Digitel, priitok vzduchu 30 m3/h)
vzorkujici na filtry s kifemennymi vlaknovymi filtry o priméru 150 mm (Whatman QM-
A), a EcoTech 3000 (68 m3/h), vzorkujici na filtry z vlaken z borosilikatového skla (Pall
TX40HI20-WW).

Oba vozy byly testovany na dynamometru béhem jizdniho testovaciho cyklu WLTP
(World Light Duty Vehicle Test Procedure, navrhovany pro budouci typova schvaleni v
EU), NEDC (New European Driving Cycle, nyni pouZivany pro typové schvaleni v EU) a
doplnkovych cykli USO6 (agresivni cyklus US EPA) a Artemis (evropsky cyklus
zahrnujici méstské a venkovské prostredi a dalnici s rychlosti 130 a 150 km/h).
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Obr.2 Koncentrace organickych slouCenin (ng/mg) vazanych na castice PM2.5 v
emisich vozidla Skoda-Fabia pro rozdilna paliva béhem WLTP cyklu s teplym
startem.

Jako palivo byl pouZit tradi¢ni benzin bez bioslozky (,BA95“), smés tohoto benzinu s
etanolem (15 objemovych % etanolu, palivo ,E15), n-butanolem (25 %, ,nBu25“) a iso-
butanolem (25 %, ,iBu25“).

Kremenné filtry byly po zvazeni analyzovany na obsah organickych sloucenin.
Analyza zahrnovala extrakci filtri smési dichlormethan-hexan (1:1) a poté s
dichlormethanem, frakcionaci na koloné s oxidem hlinitym a GC-MS analyzu. Cast filtrii
byla analyzovana na obsah organického (OC) a elementarniho (EC) uhliku.

VYSLEDKY

V emisich obou vozidel byly z plynnych sloucenin analyzovany oxidy dusiku, CO, CO2
a suma uhlovodiki. Analyza organickych sloucenin vazanych na ¢astice frakce PM1 nebo
PM2,5 byla zamérena na toxické slouceniny (tj.,, polyaromatické uhlovodiky (PAHs),
nitro-PAHs), molekulové markery emisi z dopravy (tj., hopany, sterany, alkany, acyklické
isoprenoidy) a EC a OC. Vysledky jsou predbéZzné ilustrovany na 2 grafech. Obr. 1
znazornuje koncentrace PAHs, alkanti, isoprenoidl (pristan a fytan), hopanti a sterant
(vSe jako suma, ng/mg) v Casticich z emisi vozu Ford-Focus béhem rtiznych provoznich
cykld. Obr. 2 srovnava koncentrace stejnych sloucenin v &asticich z emisi vozu Skoda-
Fabia pro rozdilna paliva béhem WLTP cyklu s teplym startem. Detailni vysledky budou
presentovany.
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ZAVERY

Chemické sloZeni Castic a plynnych sloucenin v emisich zaZehového motoru zavisi
na provoznim rezimu, zptisobu tvorby palivové smési a pouZitém palivu. Emise ¢astic
(jak hmotnostni koncentrace, tak zejména pocetni koncentrace castic) byly u motoru s
pifimou tvorbou smési (motor DISI) vyrazné vyssi neZ u motoru s nepiimou tvorbou
smési (MPI).
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SUMMARY

Total metal concentrations in aerosol samples and exhaust fumes as well as the
bioaccessible proportions of metals were determined. The bioaccessibility of metals in
vitro should be assessed according to the extraction in simulated lung fluids with a low
surface tension.

UvoD

Nartstajici znecisténi Zzivotniho prostiedi v méstskych aglomeracich s sebou
piindsi znacnad zdravotni rizika. Celkové koncentrace Skodlivych sloucenin nejsou
vhodnym ukazatelem potencialni toxicity, klicovy je jejich biodostupny podil. Cilem
tohoto vyzkumu bylo stanoveni vybranych kovli v méstském aerosolu a vyfukovych
emisich a urcenti jejich biodostupnosti in vitro.

METODY MEREN{

Vramci této prace byl vzorkovan aerosol (PM1) v Brné a vyfukové emise
znékolika automobilovych paliv (benzin, nafta a biopaliva). Ke vzorkovani na
nitrocelul6zové filtry (3 pm) byl pouZit vysoko objemovy vzorkova¢ DHA-80 (Digitel).
Pro posouzeni moZné intoxikace kovy inhalacni cestou byly pouZity extrakce
v simulovanych plicnich kapalinach. Gambletv roztok (extraktant A) byl navrzen jako
simulant mezibunécné kapaliny hluboko v plicich (Moss, 1979). Gambletv roztok s 1,2-
dipalmitoyl-sn-glycero-3-fosfatidylcholinem (DPPC) byl definovan jako uméla kapalina
plicnich sklipkt (B). DPPC je hlavni slozka surfaktantu snizujici povrchové napéti v
plicnich sklipcich (Blanco a Pérez-Gil, 2007). Roztok umélé lysosomalni kapaliny (ALF,
C) simuluje uvolnénti latek pri fagocitoze v plicni tkani (Stopford et al., 2003). V ramci
této prace byl navrzen novy roztok (D) zaloZeny na DPPC. Vzorky byly dale podrobeny
extrakci ve fyziologickém roztoku (E) a deionizované vodé (F). Stanoveni celkového
obsahu kovti i jejich biodostupného podilu ve vzorcich bylo provedeno pomoci ICP-MS
Agilent 7700x. Povrchové napéti pouzitych extrak¢nich roztokd bylo stanoveno na
tensiometru Sigma 701 (KSV).

VYSLEDKY A DISKUSE

Ve vSech vzorcich byl stanoven obsah Al, Cd, Ce, Cr, Cu, Fe, Mn, Ni, Pb, V a Zn.
Sezénni variabilita obsahti kovli v méstském aerosolu byla pomérné nizka. Ve studované
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lokalité byl zaznamenan vysoky obohacovaci faktor pro kadmium, olovo, zinek a méd,
indikujici zneciSténi dopravou. Roztoky simulovanych plicnich kapalin vykazovaly
znacné rozdilnou extrakéni ucinnost. Biodostupny podil kovii stanoveny extrakci
v Gamblové roztoku a navrzeném roztoku D byl pro vétSinu prvkd podstatné nizsi nez
pro extrakci pomoci ALF a vody. Kapaliny s DPPC vykazovaly sniZené povrchové napéti,
které vice odpovida slozeni redlného plicniho surfaktantu. Zda se, Ze biodostupnost kovii
v aerosolu by tedy méla byt posuzovana podle simulovanych plicnich kapalin s niz§im
povrchovym napétim i pres jejich mensi extrakéni tcinnost. Biodostupny podil kovii ve
vyfukovych emisich byl ¢asto pod limitem stanovitelnosti. Vzorky emisi z benzinovych
motori vykazovaly niz$i biodostupnost neZ emise z naftovych motord.
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Obr. 1: Biodostupny podil Cd v méstském aerosolu definovany extrakci v simulovanych
plicnich kapalinach (relativni %)

ZAVERY

Urceni biodostupného podilu kovii v méstském aerosolu i vyfukovych emisich
pomoci extrakce v simulovanych plicnich kapalinach je zavislé na chemickém sloZeni
extraktantu. Vyvoj modelovych kapalin by mél smérovat kroztokim s niz$im
povrchovym napétim, které by se sloZenim vice bliZili nativnimu plicnimu surfaktantu.
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SUMMARY

The contribution presents current issues related to air pollution by non-exhaust
particulate matter. The abrasion is presented as a main source of the airborne
particulate matter from road traffic. It deals with the emitting of particulate matter
during the abrasion of wearing courses of pavements from different asphalt mixtures.
The abrasion of several samples of asphalt mixtures is performed in wheel tracking
machine DYNA-TRACK in the laboratory. The contribution presents an example of the
results of measurements on six trial samples of asphalt mixtures.

UvoD

K znecisteniu ovzdusia prispieva najma doprava, priemysel, pol'nohospodarstvo a
domacnosti. Aj napriek tomu, Ze sa v poslednych desatrociach podarilo zniZit produkciu
emisii a zredukovali sa niektoré znecistujuce latky, problém zd'aleka nie je vyrieSeny.
Tyka sa to najma dvoch latok - tuhych znecistujucich latok a prizemného ozonu, ktoré su
pri¢inou dychacich problémov, kardiovaskularnych choréb a znizuju dizku Zivota.

Na zaklade ziskanych informdcif z viacerych zahrani¢nych a slovenskych vedeckych
¢lankov a vyskumov o tvorbe tuhych c¢astic z automobilovej dopravy (Gehrig et al., 2010,
Gustafsson et al.,, 2009, Pirjola et al., 2009, Folkeson et al., 2009, Tervahattu et al., 2006)
sme sa rozhodli zaoberat nespalovacimi emisiami, a to produkciou tuhych castic z
obrusu povrchu vozovky. Problematikou obrusovania povrchu vozoviek a prispevkom
tychto emisii k znecisteniu ovzdusia sa zaoberajui najma severské krajiny (Gustafsson et
al., 2009, Folkeson et al., 2009). O chemickom zloZeni materidlov povrchu vozoviek a
tuhych casticiach PM z obrusovania povrchu vozovky existuje v literatirach len vel'mi
malo udajov. Emisie z obrusu vozoviek je omnoho tazsie kvantifikovat samostatne ako
emisie z obrusu pneumatik a bfzd.

Ulohou nasho vyskumu je sledovat oddelovanie tuhych ¢astic obrusovanim na
vybranej skupine vzoriek asfaltovych zmesi pouZivanych pre obrusné vrstvy. DolezZitou
fazou vyskumu je stanovenie zastipenia chemickych prvkov v nameranych tuhych
Casticiach a ich konfrontacia so zastupenim tychto prvkov v chemickom zloZeni
asfaltovej zmesi. Vyhodnotenim chemického zloZenia materialu skimanych zmesi
obrusnych vrstiev a nasledne zachytenych tuhych castic sa pokusit urcit podiel
mechanického oddel'ovania tuhych Castic z vozovky v zavislosti od zloZenia asfaltove;j
Zmesi.

Zakladné materialy na vyrobu jednotlivych typov asfaltovych stavebnych zmesi su
kamenivo, asfaltové spojivo, prisady, popripade recyklovany material. Navrh
konstrukcie vozoviek ovplyviiuje vyber materidlov a technologickych postupov na ich
vystavbu ¢i rekonStrukciu. Vplyvom prejazdov vozidiel dochadza k mechanickému

57



opotrebovaniu povrchu asfaltovej vozovky - obrusnej vrstvy pneumatikami vozidiel,
ktoré zapri¢inuju postupné rozdrobovanie a obrusovanie kameniva.

METODIKA EXPERIMENTALNYCH MERANI

Merania su vykonavané v laboratériu Katedry cestného stavitel'stva.
Experimentalnymi meraniami v laboratoériu sa odstranil do istej miery prispevok inych
zdrojov znecistenia k tuhym cCasticiam a vplyv meteorologickych faktorov. Cielom
experimentalnych merani je overit vplyv zloZenia asfaltovej zmesi na produkciu tuhych
Castic pri vyjazd'ovani vzorky.

ventilator

%

|

pojazdove koleso

L APS Leckel LVS3 Leckel LVS3

Obr. 1: Schéma zapojenia meracich zariadeni

Vzorky asfaltovych zmesi pre obrusné vrstvy su vyjazd'ované vo vyjazdovacom
zariadeni DYNA-TRACK, ktoré sa pouziva na vyjazd'ovanie kol'aji. Kazda zo skusanych
vzoriek je Specificka svojim zloZenim - druh asfaltu, mnoZstvo asfaltu, druh kameniva,
zloZenie Ciary zrnitosti kameniva. V nadvaznosti na pouzZitom materidli si vytvorené
vzorky s réznou Struktirou povrchu, ¢o moéze v konecnom désledku ovplyvnit obrus
tychto vzoriek. Blizsia Specifikacia asfaltovych zmesi je publikovana v literatire (KLAZ
1/2010).

Pre identifikdciu tuhych castic s p6vodom v obrusovani asfaltovej zmesi budu
stanovené chemické prvky (markery) obsiahnuté v zakladnych materialoch asfaltove;j
zmesi. Tieto prvky budu stanovené na zaklade analyz zloZiek obrusnych vrstiev vozovky
(asfaltovych zmesi), a to kameniva ako plniva a asfaltu ako spojiva. Identifikované prvky

58



budu nasledne konfrontované s pritomnostou prvkov v odobranych tuhych casticiach
na filtroch.
EXPERIMENTALNE MERANIA V LABORATORIU

Vzorky asfaltovych zmesi - platne velkosti 320 x 260 mm a hrdabky 40 mm su
vyjazd'ované vo vyjazd'ovacom zariadeni DYNA-TRACK. Pocas vyjazd'ovania vzoriek je
vzorkovany vzduch z vnutra zariadenia pristrojmi APS 3321 (Aerodynamic Particle
Sizer), SMPS 3080 (Scanning Mobility Particle Sizer) a Leckel LVS3. Vzduch v okoli
vyjazd'ovanej vzorky cirkuluje (je vireny dvoma ventilatormi, ktoré su sucastou
zariadenia na vyjazd'ovanie) tak, aby bola v celom priestore okolo vzorky ustdlena
teplota. Tymto je dosiahnuté aj virenie tuhych ¢astic PM produkovanych pocas obrusu
vzorky a ich nasledné vzorkovanie spektrometrom APS, SMPS a prietokovymi
Cerpadlami Leckel.

Zmesi su vyjazd'ované typizovanym kolesom po dobu 12 hodin pri ustalenych
pracovnych podmienkach. Poc¢as 12 hodin prebehne 20 000 cyklov (tj. 40 000
pojazdov).

Obr. 2: Vzorka vyjazdenej asfaltovej zmesi - AC11 0 50/70, II, K-4

Pred samotnym vyjazd'ovanim skiSobnych vzoriek asfaltovych zmesi sa vykonali
skusky chemického zloZenia materidlov (kamenivo, asfalt) tychto zmesi rontgen-
fluorescencnou spektroskopiou (XRF - X-ray fluorescence spectroscopy). Z analyzy
jednotlivych materialov sa zistilo percentualne zastupenie jednotlivych zvolenych
prvkov.

VYSLEDKY EXPERIMENTALNYCH MERANI

Skusky chemického zloZenia materidlov (kamenivo, asfalt) asfaltovych zmesi boli
vykonané v laboratériu Stavebnej fakulty Technickej univerzity v KoSiciach TUKE na
Ustave environmentalneho inZinierstva. V prvom kroku sa zac¢alo pracovat’ s vybranou
skupinou prvkov. Vysledky si uvedené v nasledujucej tabul'ke (tab. 1) a zobrazené na
nasledujucom obrazku (obr. 3).

Praskové vzorky (rozdrvené kamenivo) boli podrobené XRF spektroskopii. Pre
experimenty bol pouZity pristroj SPEKTRO iQ II (AMATEK, Germany), ktory sluZi pre
analyzu majoritnych, minoritnych a stopovych prvkov vo vSetkych typoch materialov s
citlivostou na udrovni ppm. Vysledky kameniva pouzitého do skdsSanych vzoriek
asfaltovych zmesi su prezentované v nasledujicej tabulke (tab. 1). Maximalne
dosiahnuté hodnoty su zvyraznené Zltou farbou.
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Tab. 1: Percentualne zastupenie prvkov kameniva

Prvok/
kamenivo Mg Al Si P S Cl K Ca Ti v Cr
(povod)
Maluzina 3,620 7,598 23,81 0,086 0,015 0,027 1,034 7226 0,848 0,030 0,005
Badin 1,883 10,31 28,12 0,077 0,009 0,028 1,020 6,352 0,476 0,023 <
Solosnica 6,252 7,874 23,65 0,151 0,013 0,035 0,923 7,130 0,890 0,032 0,012
Biely
17,56 0952 2,041 0,023 0,010 0,052 < 30,42 0,047 0,011 0,039
Potok
Tunezice 4,685 0,545 2,622 0,025 0,018 0,038 0,112 4829 0,029 0,012 0,036
iirany 1,509 0,237 0,510 0,004 0,007 0,022 < 51,31 0,011 0,008 0,021
Tab. 1: Percentudlne zastipenie prvkov kameniva - pokrac¢ovanie
Prvok/ Podiel
kamenivo  Mn Fe Cu Zn Rb Sr Y Ba Ta identif.
(povod) prvkov
Maluzina 0,197 5,747 0,005 0,011 0,005 0,014 0,002 0,019 0,037 50,35%
Badin 0,098 4,068 0,003 0,004 0,004 0,030 0,001 0,013 0,029 52,56%
Solosnica 0,205 7,466 0,004 0,023 0,004 0,019 0,004 0,015 0,044 54,76%
Biely 0,040 0352 < < 0001 0010 < < < 51,58%
Potok
TuneZzice 0,035 0,348 < < 0,001 0,070 < < < 56,89%
Zirany < 014 < < < 0015 < < < 53,82%

Pojazdové koleso vyjazdovacieho zariadenia je z kovového materialu, ktorého
povrch je obaleny tvrdou gumou. Chemické zloZenie gumy je z polyméru, st to organické
zliCeniny obsahujuce prvky C, O, H, N, S.

Skuskou chemického zloZenia rontgen-fluorescencnou spektroskopiou sa zistilo, Ze
asfalt (spojivo asfaltovej zmesi) neobsahuje Ziadne prvky z vybranej skupiny prvkov
(obr. 3). Preto bude nutné rozsirit, pripadne nahradit niektoré prvky o organické prvky,
resp. zluceniny.

Asfalt - chemicka analyza

5,00000%

4,00000%

3,00000%

2,00000%

1,00000%

0,00000%

4,18800%

4,8% anorganické prvky
- zvySok organické prvky

Obr. 3: Percentualne zastupenie prvkov v pouzitom asfalte
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Vo vyjazd'ovacom rariadenti sa zatial’ vyjazdilo 6 vzoriek asfaltovych zmesi, z kazdej
zmesi boli 2 platne a kazda platiia sa vyjazd'ovala 2krat:
AC11050/70,1, K- 4 (2x)

SMA 11 PMB 45/80 - 75, S - 4 (2x)

AC11050/70,1I, R-9 (2x)

AC11050/70,11,S -9 (2x)

AC110PMB45/80-75,1, R-8(2x)
« AC11050/70,1I, D -5 (2x)

VSetkych 6 vzoriek malo pocas vyjazd'ovnia rovnaké podmienky v priestore
vyjazd'ovania. Merania boli uskuto¢nené v obdobi od 24. 08. 2015 do 23. 09. 2015. Data
o koncentracii tuhych ¢astic boli ziskané pristrojmi APS a SMPS. Celkova diZka merania
bola 12 hodin. Pre kaZdy aerodynamicky priemer je k dispozicii 180 hodnét. Pre
interpretovanie vysledkov mnozstva tuhych castic su zvolené jednotky koncentracii -
hmotnost castic na meter kubicky vzduchu (pg/m3). Vysledky koncentracie tuhych
Castic st uvedené v nasledujuicej tabul'ke (tab. 2).

Tab. 2: Priemerné koncentracie tuhych ¢astic pri vyjazd'ovani vzoriek

Asfaltovi zmes: SMPS APS % (0,012~20
' (0,012~0,5um)  (0,5~20 pm)  pm)

typ ozZn. [ng/m?3] [ng/m?3] [ng/m3]

AC11050/70,11 K4' 5,49 0,94 6,43

??A 11 PMB 45/80 = ¢ _4 5,19 1,26 6,45

AC11050/70,11 Rg' 7,08 0,96 8,04

AC11050/70,11 $-9 9,49 1,54 11,03

AC11 O PMB 45/80 - R-

751 8 7,68 1,99 9,67

AC11050/70,11I DS' 4,26 1,10 5,36
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Obr. 4: Priemernda pocetna distribtcia tuhych castic pri obrusovani vzorky S - 9.
Obrazok (obr. 4) reprezentuje pocetnu distribuciu tuhych Castic pocas obrusovania
vzorky S - 9. Najvacsi pocet Castic sa pohybuje okolo aerodynamického priemeru 100

nm.
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ZAVERY

Prispevok prezentuje rozpracovanu problematiku tvorby tuhych castic od obrusu
povrchu vozovky cestnou dopravou, ktoré nepriaznivo vplyvaju na nasSe zdravie. Stru¢ne
prezentuje doteraz ziskané a spracované priebezné vysledky experimentalnych merani.

Bolo testovanych 6 druhov asfaltovych zmesi, z kazdej boli 2 vzorky a kazda sa
testovala 2-krat. Celkovo bolo uskutocnenych 24 testov. Pre kazdy druh asfaltovej zmesi
boli finalne k dispozicii 4 merania. NajvacSia koncentracia tuhych c¢astic 11,03 pug/ms3
bola namerana pri obrusovani vzorky S - 9.

Zavere¢nym stanoviskom vyskumu by malo byt porovnanie jednotlivych druhov
asfaltovych zmesi a posudenie vhodnosti ich pouZitia z hl'adiska oddel'ovania tuhych
¢astic z ich povrchu. Ulohou vyskumu do budicnosti je vykonanie, spracovanie a
vyhodnotenie ¢o najvacSieho mnozstva merani. Zaverecné vyhodnotenie by malo
posliZzit na porovnanie skuSanych vzoriek asfaltovych zmesi.
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OPTIMIZING THE ESTIMATION OF THE AEROSOL POLLUTION TRENDS IN
INDUSTRIAL PLANTS USING MODERN EXPERIMENTAL AND COMPUTATIONAL
METHODS
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Klicova slova: Airborne aerosol particles, modelling, exposure estimation

INTRODUCTION

Chemicals and aerosols personal exposure monitoring and assessment in
industrial plants still remains one of the most effective tools of HSE risk management.
In case of need to predict future or reconstruct historical exposure levels, modelling of
workplace proportions could offer solution, applicable for designing ventilation of
future buildings and workshops, but also usable for estimation of exposure levels and
lifetime cumulative doses of various chemicals in work process. Such a tool could be
succcesfuly exploited during occupational dissease investigation in case the workplace
no longer exists. In our specific case of industrial workshop, the workplace spatial
proportions, machine and technology location and ventilation conditions create quite
complicated system for 2D and 3D model validation and verification, when considered
aerosol source(s) placement and capacity determination. The aerosol particles present
in the air of the workshop originate from two main raw material sources, cadmium
oxide and nickel hydroxide (both are solid particles). This work presents results of the
first several steps preceding the 3D model construction including contemplated
sources:

- Geometric shape of computational area definition, including all technology
subjects of potential influence to flowing,

- Boundary conditions definition with respect to predominant operating regime
and spatial conditions (air temperature, pressure, humidity),

- Time dependent or time independent calculation of the air streaming field with
definition of well and badly ventilated zones,

- Source(s) location and its (their) capacity determination, active and passive
ventilating units and components determination and personel location

- Time dependent or time independent calculation of the aerosol pollution
spreading in workshop space, identification of places characterised by the lowest
and highest concentration

- Comparison with experimental data
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- Recommendation of regime measures aimed to current ventilation system,
personel operation and moving, and protective devices

MODEL

Software: ANSYS Fluent 13.0, model k-¢ model turbulence, velocity of air
streaming in workshop space (air streaming field). Total net cell number: 1 816 315,
393 597 after converion to Polyhedra, visualisation and animation: total time 600 s,
acceleration 30 times.

RESULTS

Object parameters: lenght 48.5 m, width 21 m, height 4.9-5.9 m, total volume
5400 m3, volume flowrate of filtrated air 16.64 m3/s, time of one total volume change
5 min 25 s. Six variations of calculations were performed with respect to seasonal,

ventilation and operational conditions in workshop (fig. 1, 2, 3, 4).
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Fig. 2a, 2b. Schematic drawing of ventilation (red arrows: fresh air, blue arrow: suction)
and workshop personel located in particular sectors (green circle sitting persons,
yellow circle standing not moving persons, red circle standing moving persons)
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Fig. 3a. Grid of computation field of the production workshop, winter season
(detailed in fig. 3b)
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Fig. 4a, 4b. Example of computation and visualisation of air stream flowing at two
characteristic situations, fig. 4a summer season, full operational regime compared to
fig. 4b winter season, full operation regime), personel not involved.

CONCLUSION

Results of particular steps in process of professional exposure estimation - modelling of
air stream flowing already now serve as a good indicator of well and badly ventilated
zones in production workshop and determines ventilating device whose role is
disputable. Involving sources generating the aerosol to wokplace and breathing zone of
working staff according to up to now results should confirm this prerequisite.
Comparison with experimental data before could shed light on some surprisingly low or
high results of personal monitoring of workshop staff obtained during previous
measuring campaigns.
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VLIV USPORADANI VSTUPNI TRUBKY NA TRIDICI SCHOPNOSTI VIROVEHO CLANKU
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SUMMARY
The paper deals with the influence of the arrangement of the inlet pipe into a cylindrical
cyclone chamber with a tangential inlet on the resulting behaviour of the cyclone
classifier. For the input arrangement with short inlet tube approximately [ (length) = d
(diameter) and relatively short conical passage between the sampling probe and the
inlet tube the separation capabilities were experimentally determined, that correspond
to the input arrangement with a sufficient long inlet pipe with smaller inner diameter.
Logically correct changes of separation capabilities occur in cases where the inlet tube is
sufficiently long (//d = 5) and the velocity of air and particles entering the cyclone
roughly correspond to the average speed of the developed air stream at the outlet of the

pipe.
UvoD

Na naSem pracovisti se dlouhodobé zabyvame problematikou tridéného odbéru
vzorkl emisi a imisi tuhych ¢astic, kde rozhodujicim tfidicim prvkem je virovy ¢lanek -
cyklon. U odbéru vzorku imisi frakce PM10 je evropskou normou stanoven objemovy
pritok vzorku, ktery u tzv. nizko-objemového odbéru je 2,3 m3/h.

V pribéhu vyvoje imisniho tridice frakce ¢astic PM10 jsme narazili na vyznamny
vliv, ktery ovliviiuje vysledné chovani tridicCe, jenZ Ize vyjadrit bud’ jako zavislost frakéni
odlucivosti na aerodynamické velikosti ¢astice Of(a1) nebo hodnotou meze odlucivosti
aim jako velikosti Castice, pro kterou plati Of = 0,5 nebo hodnotou pribliZzné meze
odlucivosti castice a1pmo, kde se tiidi¢ chova jako idedlni tridi¢ se skokovou zménou
frakéni odlucivosti zhodnoty 0 na 1 a tato velikost castice se stanovi z podminky
Zp(a1,pmo) = Oc (celkova odlucivost). Timto vlivem je usporadani vstupni trubky, kterou
se aerodisperzni smés tangencialné privadi do valcové komory virového Clanku.

METODA RESENI A ZPRACOVAN{ VYSLEDKU

Charakteristické rozméry virového ¢lanku stangencidlnim vstupem a
vysunovatelnou vystupni trubkou jsou uvedeny ve schématu na obr. 1. Valcova
odlucovaci komora ma vnitini primér D a vySku h, tangenciadlni vstup je realizovan
kruhovou trubkou s vnitfnim priimérem d a délkou I. Zaudsténi vstupni trubky je ve
vzdalenosti z od vnitfni horni stény valcové komory. Vystupni trubka s vnéjSim a
vnitinim primérem d: a dz je vysunovatelna a vzdalenost mezi ustim trubky a vnitini
horni sténou valcové komory je v.
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Obr. 1: Charakteristické rozméry virového clanku

vvvvvv

prumér vstupni kruhové trubky d, které nejvice ovliviiuji odstfedivou silu jako
rozhodujici silu plisobici na ¢astice prachu pti prichodu ¢lankem. Jako zakladni
oznaceni typu virového c¢lanku se proto stalo oznaceni Dx/¢dy, kde x znaci hodnotu
priméru ¢lanku D v (mm) a y primér d v (mm).

Jednotlivé konstrukéni zmeény cldnku béhem vyvoje byly stanoveny na zakladé
dosazenych vysledki méreni a aplikace zakladniho Kkriterialniho vztahu

&, 1000v, a,°1000 4V

Stk 3
18n D 18n =D

(1)

kde aim je mez odlucivosti, vp fiktivni rychlost vzduchu vztazena na vnitini prirez
valcové komory cyklonu, V standardizovany objemovy pritok odsavaného vzorku, V=
2,3m3/h = 6,38. 10-* m3/s. U geometricky podobnych cyklonti 1ze predpokladat, Ze plati
Stkm = konst.

Kromé priméru D a pritoku V tiidici schopnosti ovliviiuje i velikost vstupniho
prifezu a nasledné rychlost vzduchu na vstupu do cyklénu, kterd pri Sroubovitém
pratoku vzduchu cyklonem zilistava priblizné stejna a jako tangencialni slozka rychlosti
ve ovliviiuje odstredivou silu a tim i kone¢nou odlucovaci rychlost castice v blizkosti
valcové stény u,dle vztahu

a,71000 v,’2
r 18n D

(2)

Ve vztazich (1) a (2) znaci n dynamickou viskozitu plynu (vzduchu).

Ze vztahu (1) vyplyva, Ze pti zachovani konstantniho objemového priitoku vzorku V
= konst zvySovani hodnoty priiméru valcové komory D pii Stkm = konst obecné vede ke
zvySovani hodnoty aim a tim ke zhorSovani odlucovacich schopnosti cykléonu a posunu
tridici krivky Of(ai1) do oblasti vétSich castic.
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ZvétSovani vnitiniho praméru vstupni trubky d vede pri konstantnim objemovém
pritoku ke sniZeni rychlosti vzduchu na vstupu do cyklénu a tim ke sniZeni hodnoty
tecné slozky rychlosti v blizkosti stény cyklonu ve. Ze vztahu (2) pak vyplyva, Ze tato
zména ma za nasledek sniZeni hodnoty radidlni sloZky rychlosti ¢astice up, a zhorsSeni
odlucovacich schopnosti cyklonu.

Odlucovaci schopnosti 1ze ovlivnit i hodnotou vysunuti vystupni trubky -
vzdalenosti mezi dstim trubky a vniti'ni horni sténou valcové komory v (mm).

Experimenty byly uskute¢nény na prasné zkuSebni trati, kde odbér vzorku prachu
na zkouseny cyklénovy ttidic¢ je realizovan izokinetickym odbérem piimou odbérovou
sondou.

Jako pribliznou metodu stanoveni tiidicich (odlucovacich) schopnosti cyklénového
tridice lze pouZit jednoduchou metodu stanoveni hodnoty ptribliZné meze odlucivosti
apmo, T€Sp. dipmo, kde hodnota aipme odpovidd velikosti Castice pro hodnotu
hmotnostniho zbytku u prachu vstupujiciho do tridice (odlucovace) Zp = Oc. U tridica
(odlucovacii), kde skutecny priibéh zavislosti Of{a1) odpovida S-ktivce jdouci z hodnoty
0 do 1, teoreticky plati az,pmo =~ az,m.

Tuto metodu lze obecné pouzit v pripadech, kde s ohledem na pouzité odlucovaci
principy se frak¢ni odlucivost zarizeni méni z hodnoty 0 na 1. Tuto podminku tridi¢
pracujici na odstredivém principu jednoznacné splituje. Vyhodou této metody je snadné
a rychlé stanoveni odlucovacich schopnosti tridiCe bez nutnosti provedeni
granulometrickych analyz vzorki prachu.

Uvedend metoda ma i své nedostatky. PouZivame-li pri stanoveni aipmo primo
podavany prach, pak predpokladame, Ze zrnitost podavaného prachu je shodna se
zrnitosti rozptyleného prachu na vstupu (privodu) do zarizeni. Tento predpoklad vSak
jiZz neni presné splnén a vysledkem pouziti této metody pro nasSe experimentalni
podminKky je stanoveni parametri tridéni, pro které plati azpmo # az,m. Metodu Ize proto
pouZzit pouze jako rychlé orientacni zkousky tridicich schopnosti odbérovych zatizeni.

Vlastni experimenty byly uskutecnény se dvéma zkuSebnimi prachy, popilky ze
spalovani HU s internim oznacenim B2 a E4, kde hmotnostni median, vztazeny na
aerodynamické velikosti Castice, dosahuje hodnot aimesm = 11,4 um pro prach B2 a
aimedm = 12,3 um pro prach E4. ZkuSebni prach E4 je tedy ponékud hrubsi neZ prach B2.

VYSLEDKY EXPERIMENTU

Béhem vyvoje byl zjiStén vyznamny vliv usporddani vstupu na vysledné chovani
tridice. K predpoklddanym zménam dle vykladu vztahu (2) dochdazi v pripadech, kde
délka vstupni trubky je dostatecné dlouhd, cca | = 5d. U usporadani vstupu s kratkou
vstupni trubkou cca I = d a relativné kratkym konickym prechodem mezi odbérovou
sondou a vstupni trubkou byly zjiStény odlucovaci schopnosti, které odpovidaji
uspoi-adani vstupu s dostate¢né dlouhou vstupni trubkou s mensim vnitfnim priimérem.
Toto zjiSténi ukazuje na moZny zdroj zavaznych chyb pri experimentovani a pouZiti
pristroji pro méfeni imisi a zejména emisi, kde rozhodujici veli¢inou je vstupni rychlost
Castice do pristroje.

Prehled zakladnich geometrickych parametri zkouSenych tridici s vnitfnim
primérem valcové komory D = 73 mm, kde Ize sledovat vliv uspoiddani vstupu na
chovani tridice, je uveden v tabulce 1.
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Tab. 1: Prehled zakladnich geometrickych parametri zkousenych tridici

Oznaceni D h h/D d l l/d z z/D di dz
(mm | (mm (D (mm| (m | (mm) | (m (D (m | (mm

) ) ) | m) m) m) | )

D73/¢14 73 70 0,959 | 14 68 4,86 | 23,7| 0,362 | 20 17

D73/¢18 73 70 0959 | 18 | 21,5 1,194 | 28,7 | 0,393 | 20 17

D73/¢17,8 | 73 70 0,959 | 17,8 | 85 4,78 | 28,7 | 0,393 | 20 17

Rozsah hodnot vysunuti vystupni trubky v (mm) u experimentd a zptlisob
zpracovani vysledki méteni je uveden v tabulce 2.

Tab. 2: Rozsah hodnot vysunuti vystupni trubky v (mm) a zplisob zpracovani
vysledkli méreni

Oznaceni vysunuti v zkuSebni | stanoveni | stanove literatura
(mm) prach Of(ai) ni
d1,pmo
D73/b14 8;12,5; 20; 35; 50 B2, E4 - ano Petrak (2014)
D73/418 8; 20 B2 - ano -
D73/$17,8 8; 20; 27; 35; 50 B2, E4 ano ano Svandova(2015)

Rozdily u usporadani vstupu do tridiCe jsou ziejmé z obr. 2. U prvniho usporadanti je
mezi odbérovou sondu s vnitfnim primérem ¢10 mm a vstupni trubku s vnitfnim
primérem d = 14 mm vloZen prechodovy kus s vnitinim primérem ¢12 mm a vlastni
prechody mezi jednotlivymi priméry jsou realizovany jako koénické prechody
s vrcholovym tthlem do 30°. Cista délka vstupni trubKy je I = 68 mm a pomérna hodnota
l/d = 4,86.

U druhého usporadani je prechod mezi vnitinim primérem sondy a vnitinim
primérem vstupni trubky d = 18 mm realizovan koénickym prechodem s vrcholovym
uhlem 32° a cista délka vstupni trubky je pouze I = 21,5 mm a pomérna hodnota
l/d =1,194.

U posledniho tiettho uspotfadani jsou mezi odbérovou sondu s vnitinim primérem
$10 mm a vstupni trubku s vnitinim primérem d = 17,8 mm postupné vloZeny 3
pirechodové kusy s vnitinimi priméry ¢12 mm, ¢14 mm a ¢16 mm a vlastni prechody
mezi jednotlivymi priiméry jsou opét realizovany jako kénické prechody s vrcholovym
tthlem do 30°. Cista délka vstupni trubky je I = 85 mm a pomérna hodnota I/d = 4,78.
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Obr. 2 Uspotadani vstupu u zkousenych cyklénovych tridict
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Vysledky experimentii spocivaji ve stanoveni celkové odlucivosti Oc a hodnoty priblizné
meze odlucivosti aipmo v zavislosti na pouzitém zkuSebnim prachu a vysunuti vystupni
trubky v a jsou graficky vyjadreny na nasledujicich obr. 3 a obr. 4 formou zavislosti Oc =

f[V] a d1,mpo =f(V).
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Obr. 3: Priibéhy zavislosti Oc = f{v) u zkouSenych cyklénii
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Obr. 4: Priibéhy zavislosti az,mpo = f{v) u zkouSenych cyklont

Z vysledk vyplyva, zZe:

e U obou cyklont D73/¢14 a D73/$17,8, kde byly experimenty provedeny v celém
rozsahu hodnot vysunuti vystupni trubky v (mm), byly u obou zkusSebnich pracht
zjistény pribéhy zavislosti Oc = f{v) a aimpo = f(v). Uvnitf sledovaného rozsahu zmén
hodnoty vysunuti v (mm) existuje maximalni hodnota O, resp. minimalni hodnota
ai,pmo. Obé veliciny, Oci az,pmo 1ze tak vysunutim vystupni trubky vyznamné ovliviiovat.

e Mezi pribéhy zavislosti Oc = f{v) s riznymi zkusebnimi prachy byly zjistény logické
rozdily v tom smyslu, Ze u experimentl s hrubsim prachem E4 byly zjiStény vyssi
hodnoty celkové odlucivosti Oc.

e Protoze tridici schopnosti jednotlivych cyklonl nezaviseji na pouzitém zkusSebnim
prachu, lze pribéhy zavislosti aimpo = f{v) u jednotlivych cyklonl vyjadrit vzdy jen
jednou vyslednou zavislosti.

e Mezi vysledky experimentd u cyklond D73/¢14 a D73/¢17,8, tedy cykloni
s dostatec¢né dlouhou vstupni trubkou l/d = 5, byly zjistény rozdily, které odpovidaji
vykladu vztahu (2). ZvétSovani vnitfniho primeéru vstupni trubky d vede pfi
konstantnim objemovém priitoku ke sniZeni rychlosti vzduchu na vstupu do cykléonu
a tim ke sniZeni hodnoty te¢né slozky rychlosti v blizkosti stény cyklénu v: a nasledné
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vede ke sniZeni hodnoty radialni slozky rychlosti ¢astice up a zhorseni odlucovacich
schopnosti cyklénu.

e U cyklénu D73/¢p18 s kratkou vstupni trubkou d = 18 mm a kénickym prechodem
mezi vnitfnim primérem sondy 10 mm a vstupnim primérem d = 18 mm byly
zjistény zavislosti Oc = f{(v) a aimpo = f(v), které zcela odporuji vykladu dle vztahu (2),
ale odpovidaji fiktivnimu cyklénu s vstupni trubkou s efektivnim primérem d, ktery
je podstatné mensi nez redlny primér d = 18 mm.

e Jak vyplyva z obr. 3, v porovnani s cyklonem D73/¢14 doSlo u cyklénu s kénickym
pirechodem a vstupnim priimérem d = 18 mm pti zvétSeni hodnoty d ke zvySeni
hodnot celkové odlucivosti Oc, které by u cyklénu s dlouhou vstupni trubkou dokonce
odpovidaly priméru d < 14 mm. Misto predpokladaného sniZeni celkové odlucivosti a
posunu odlucovacich schopnosti do oblasti vétSich ¢astic jsme uvedenou zménou
vstupniho dosahli pravého opaku. Z téchto dlivodd ani nebyla provedena cela série
experimentd, ale pouze 2 méreni se zkuSebnim prachem B2 a vysunutim vystupni
trubky v=8a 20 mm.

e Zjistény vliv usporadani vstupni trubky na chovani zkouSeného tridice podstatné
prodlouzil a zkomplikoval nas vyvoj imisniho tridice PM10 . Na druhé strané byly
dodatecné vysvétleny nékteré ,nelogické vysledky“, které byly v té dobé prikladany
chybam a nepresnostem pri experimentu.

e Zjistény vliv ma podle nasSeho nazoru vliv i na chovani cyklénovych odlucovact jako
takovych, kde usporadanim vstupu lze vyrazné ovlivnit chovani celého odlucovace.

ZAVER

V priibéhu vyvoje virového ¢lanku jako tiidice frakce PM10 pti méteni imisi tuhych
¢astic jsme pri zménach primeéru kruhové vstupni trubky a zménach priméru valcové
odlucovaci komory narazili na vliv usporddani kruhové vstupni trubky, ktery vyraznym
zplsobem ovliviiuje odlucovaci (tiidici) schopnosti celého zarizeni. Logicky spravné
zmény odlucovacich schopnosti nastavaji v pripadech, kdy kruhova vstupni trubka je
dostatecné dlouhd (I/d = 5) a rychlost vzduchu a ¢astic na vstupu do cyklénu zhruba
odpovidaji stfedni rychlosti vyvinutého proudu vzduchu na vystupu z trubky.

U usporddani kruhové vstupni trubky s kénickym prechodem a kratkou vstupni
trubkou je rychlostni profil na vstupu do cyklonu nevyrovnany a nevyvinuty s vyraznym
jadrem proudu a proud vzduchu s ¢asticemi si tak na vstupu do cyklénu zachovava vyssi
rychlost a formou vyssi hodnoty tecné slozky rychlosti v blizkosti stény cykléonu v: a
vyssi hodnoty odluCovaci rychlosti Castice upse nasledné podili na zlepSeni odluc¢ovacich
schopnosti cyklonu. Cely virovy c¢lanek se pak chova jako c¢lanek s podstatné menSim
vstupnim primeérem, neZ ve skutecnosti je.
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SUMMARY

After decommissioning of the old Van de Graf Accelerator in 2012 the Aerosol analysis
has been transferred on 3MV Tandetron 4130 MC accelerator. A new target chamber,
with four axis sample carousel providing three movements: X (500mm), Y (50mm), Z
(50mm) and sample tilt (-20+90 deg) has been constructed. The data acquisition is done
using XIA PIXIE and XMAP digital modules which allow simultaneous detection with up
to eight detectors. A new LabWieV computer code was written to handle individual or
sequential analysis of large number of aerosol samples. Now the chamber is equipped
with two X-Ray detectors for PIXE analysis (for low and high Z elements) one planar
HPGE detector for PIGE and two surface barrier detectors for RBS and PESA (ERDA)
analysis. Various types of aerosols filters and deposits from cascade impactors can be
evaluated. For the precise analysis an individual efficiency calibration and special
correction for sample thickness and deposit geometry and size must be correctly
derived. Some aspects of statistical data handling including different types of
multivariate statistical techniques and their power and weaknesses are discussed in our
contribution.
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Obr. 1: Motorova cast vymeéniku vzorki pred vlozenim do vakuové komory a ukazka
riznych typa drzaki vzorki.

UvoD
Po odstaveni starého VdG urychlovace v roce 2012 byly veskeré aktivity spojené
s analyzami aerosolovych filtru a depoziti z kaskadnich impaktord presunuty na novy

3MV urychlova¢ Tandetron 4130MC. Pro potfeby simultanniho méreni vice metodami
byla zkonstruovana nova terc¢ikova komora s ¢tyfosym vymeénikem vzorkii a byly
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vyvinuty programy v prostiedi LabVIEW pro sbér dat a obsluhu méreni jak
v individudlnim tak v sekven¢nim méfeni vice vzorkl. Dva digitalni moduly firmy XIA
(PIXIE a XMAP) dovoluji soucasné nabirani az osmi spekter. V soucasnosti je komora
osazena dvéma detektory pro analyzy PIXE (Particle Induced X-Ray Emission), jednim
velkoplosnym planarnim HPGE detektorem pro analyzy metodou PIGE (Particle Induced
Gamma Emission) a dvéma povrchové bariérovymi detektory pro detekci nabitych
castic. Jednim na rozptylovém uhlu 160° pro méreni metodu RBS (Rutherford
Backscattering pektrometry) a druhym na dopredném tuhlu 35° pro metody PESA
(Proton Elastic Scattering Analysis) a ERDA (Elastic Recoil Detection Analysis)
pouzitelné pro méreni obsahu vodiku ve vzorcich v koncentracich do zlomku
atomarnich %. V pripadé potreby je mozZno rozptylovy tuhel nastavit na libovolnou
hodnotu, kterou dovoli rozmisténi dalsich detektort s krokem 2.5°. Komora je navic
vybavena dvéma nezavislymi monitory svazku pro presné stanoveni fluence Castic
dopadlych na vzorek béhem méreni. Kombinace vySe zminénych analytickych metod
umoziuje analyzy prakticky veskerych prvki periodické soustavy, pokud jsou ve vzorku
pritomny nad mezi detekce. Ta se pohybuje v fadu jednotek ppm pro metodu PIXE (pro
prvky od Al vy3e), v fadu jednotek azZ stovek ppm pro metodu PIGE (nékteré lehké prvky
jako Li, B, F, Na a Al) a v fadu desetin procenta pro lehké matricové prvky (C, O, N
a dal8i) stanovované metodou RBS. Velikost svazku lze plynule nastavit od cca 0.5mm
do 7mm nezavisle vose X a Y pomoci soustavy limitujicich clon a prizpuisobit ji tak
povaze méreného vzorku.

Kromé vySe zminéné mnohoucelové terc¢ikové komory je na Tandetronu dostupna
také vysokoenergeticka iontovd mikrosonda s rozliSenim cca 1um, umoziujici méreni
metodami p-PIXE, p-RBS a STIM (Scanning Transmission Ion Microscopy). V oblasti
analyz aerosolii lze mikrosondu pouzit napriklad k charakterizaci a stanoveni
prvkového sloZeni individualnich ¢astic v hrubém médu, ¢i ke stanoveni tvaru, tloustky
a pripadného lateralniho rozloZeni prvkové hustoty jednotlivych skvrn ve vzorcich
z kaskadnich impaktord.

KALIBRACE A STATICKE ZPRACOVANI DAT

U¢innostni kalibrace jednotlivych detektorii je provadéna pomoci sady tenkych
standardi se znamou prvkovou hustotou nebo tlustych kalibra¢nich standardi zndmého
prvkového slozeni. Metoda RBS ze své povahy nevyZaduje Gc¢innostni kalibraci a lze ji
vyuzit ke kontrole metod ostatnich. Kromé ucinnostni kalibrace je u vétSiny vzorki
dilezité znat i tloustku, velikost a homogenitu aerosolového depozitu, tak aby bylo
mozné provést prislusné korekce a spravné stanovit celkové hmotnostni frakce
jednotlivych prvki v méifeném vzorku. Dilezitou ulohu v celém procesu vyhodnoceni
aerosolovych dat hraji statistické metody pouzité v nasledném zpracovani dat, at' uz jde
o odecitani blanku, pocitani priimérnych koncentraci u vzorkl nestanovenych ve vSech
vzorcich série, i pri pouZiti mnohaparametrickych metod pro stanoveni vnitinich vazeb
a struktur v namérenych datech.
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INTRODUCTION

Zinc oxide nanoparticles (ZnO-NPs) exhibit unique chemical, optical and electrical
properties due to their strong size and shape dependence. The applications of ZnO range
from the UV emitting diodes to chemical sensors (Akgul et al., 2013). Li et al. (2010)
investigated the performance of ZnO nanoparticles (capped with aminopolysiloxane) in
photodynamic therapy of cancer and reported the ability of ZnO nanoparticles to
suppress the proliferation of cancer cells. Despite of increasing application of ZnO-NPs
for industrial purposes, data about potential toxic properties are still rather rare and
contradictory (Hackenberg et al., 2011). In this work we tested the long term generation
of ZnO-NPs for potential use in exposure experiments with laboratory animals. These
experiments require the generation of NPs in the gas phase with appropriate number
concentration (Ne>1X107 #/cm3) and geometric mean diameter (GMD<50 nm) in
duration of several weeks. Several methods of gas phase ZnO-NPs synthesis using
metalorganic precursors, such as zinc acetylacetonate (Jensen et al, 2000), zinc
tetramethylheptane dionate (Brehm et al., 2006), or diethylzinc (Ali et al. 2009) were
reported in the literature. However, NPs prepared from metalorganic precursor are
usually more or less contaminated by elemental (EC) or organic (OC) carbon (Moravec et
al., 2015). Therefore we used metallic zinc as a precursor in this study.

EXPERIMENTAL SETUP

Experiments were performed in an externally heated work tube with an i.d. 25 mm
and 1 m-long heated zone. Total length of the work tube, made from impervious
aluminous porcelain, was 1.5 m. Experimental set-up is described in more detail in
Moravec et al. (2015). The boat with 4.3 g of zinc shot (Strem Chemicals, product No. 30-
0070) was inserted into the middle of heating section. We used to call the work tube as a
reactor, but in this arrangement it functioned as a saturator. The vapour pressure of zinc
(Pzn) was calculated from the equation from Wikipedia:

G226

{lD.ESﬂL—ﬁ]

P, =133.32% 10

valid above the melting point of zinc (419.5 °C). Carrier gas (nitrogen) saturated to some
extent by Zn vapours - we do not expect saturation to the equilibrium - was mixed in
the diluter with a stream of air, where oxidation of Zn vapours to zinc oxide was carried
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out and the ZnO-NPs formation via gas-to-particle process occurred. Particle production
in the form particle size distribution was monitored with scanning mobility particle
sizer (SMPS, TSI model 3936L75) and the samples for particle characterization were
deposited onto TEM grids using a nanometer aerosol sampler (NAS, TSI model 3089)
and on cellulose and Sterlitech Ag filters. The particle characteristics were studied with
high resolution transmission electron microscopy (HRTEM, JEOL 3010, Au or Ni TEM
grids covered with C-foil), energy dispersive spectroscopy (EDS, INCA/Oxford connected
to JEOL 3010, TEM grids), inductively coupled plasma - optical emission spectrometry
(ICP-OES, IRIS Intrepid Il XDL, cellulose filters) and X-ray diffraction (XRD, Philips X'Pert
diffractometer PW3020, Ag filters). Interpretations of selected area electron diffraction
(SAED) patterns were performed using program ProcessDiffraction (Labar 2008; Labar
2009). The particle production and characteristics were studied in dependence on
reactor (saturator) temperature (7Tr), and reactor (Qr) and diluting (Qpi) flow rates.

RESULTS AND CONCLUSIONS

Besides preliminary experiments, two experimental campaigns with total duration
more than 102 hours were performed. The particle production, expressed by Nt and
GMD, in dependence on time and T, Qr and Qpil during the first campaign is shown in
Fig. 1. The particle production during first 48 scans was performed in an inert
atmosphere, i.e. by evaporation/condensation method and Nt was low, cca 1X10° #/cm3,
even though Tr was as high as 600 °C. Introducing an air into the diluter at scan 49 and
switching the process from evaporation/condensation to chemical vapour synthesis, the
particle production increased considerably. After that, the particle production
proceeded satisfactorily and can be controlled by adjusting experimental conditions:
Tr=520-530 °C, Qr=600-1000 cm3/min, Qpi=1800-2200 cm3/min.
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Fig. 1: Time dependence of Nt and GMD on time at given experimental conditions. 1 scan
~ 10 minutes.
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Scans 160-161 and 279 represent sampling of the air from the laboratory and scans
175-179 show the restart of the process after a failure of the software (LabVIEW)
controlling the electronic mass flow meters.

Morphology of NPs was studied using HRTEM and an example of HRTEM image can
be seen in Fig. 2. Primary particles are mostly spherical, agglomerated into clusters of
various sizes and the size of primary particles varies typically in the range from 10 to 20
nm.
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Fig. 2: TEM image and SAED pattern of the sample synthesized at Tr=520 °C, Qr=800
cm3/min and @Qpi=1800 cm3/min.

EDS analysis from the spot denoted as 6 and 7 showed 28 % of Zn (all results of EDS
analysis are in atomic %), 42 % of O, 27 % of C and traces (1 % or less) of Au, Cu and Si.
The composition of the spot 9 (TEM grid foil without deposit of NPs) is as follows: 90 %
C, 8 % O and traces of Cu, Au and Zn. Here Cu, Au and most of C originates from TEM
grid, some portion of C can also come from the atmosphere (CO2 and hydrocarbons
absorbed on the surface of NPs) and oxygen from NPs and partially from TEM grid foil.
When we subtract the content O in spot 9 (8 %) from the value in spot 6 (42 %) the
result is not far from the stoichiometric value for ZnO (28 %). ICP-OES analyses of three
samples deposited on cellulose filters determined the content of ZnO in the samples as
follows: 88, 89 and 69 weight %. In fact, we do not know why the third value (69 %)
differs so much from the first (88 %) and the second (89 %). It might be possibly some
error.

Crystallinity of NPs was studied by XRD and SAED. XRD analysis of four samples on
Sterlitech Ag filters detected hexagonal ZnO crystalline phase in all samples, typically
Pdf 89-0510. Mean crystallite size, calculated from the Scherrer equation, varied
between 12.5 and 13.7 nm, crystallite sizes calculated by Pawley method were smaller;
7.5 - 10.9 nm. Comparing these values with typical NPs size in Fig. 2 we can see, that
crystallite sizes are smaller than NPs, this means that NPs are not fully crystalline.
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Fig. 3: Electron diffraction pattern of the sample Zn01G (inset and red curve) and its
interpretation as hexagonal ZnO, Pdf 89-0511.
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Fig. 4: Comparison of electron diffraction pattern of the sample Zn05G (inset and red
curve) with model diffraction of hexagonal Zn, Pdf 01-1238.
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Nearly identical results were obtained by SAED method, see Fig. 3. Electron
diffraction pattern of the sample Zn01G is in very good agreements with model
diffraction of hexagonal ZnO, Pdf 89-0511. Analogical results were obtained for most
electron diffraction patterns taken by HRTEM from the samples Zn01G and ZnO5G.
However, in one electron diffraction pattern taken from the sample Zn05G a weak
diffusion ring, which can be attributed to hexagonal Zn (Pdf 01-1238) is present, too.
Other rings of the pattern fit with hexagonal ZnO, Pdf 05-0664. Nevertheless, this
diffraction was rather weak and the ring corresponding to hexagonal Zn was on the
detection limit of HRTEM, so that this result is hardly confirmative.

In conclusion, the method of evaporation of metallic zinc and subsequent oxidation
of Zn vapours by a stream of air can generate ZnO-NPs of desired size and number
concentration for sufficiently long time. Typical primary particle size varied between 10
and 20 nm, mean crystallite size of hexagonal ZnO, calculated by various methods, was
in the range 7.5 - 13.9 nm. Concentration of ZnO in most samples reached almost 90
weight % and parameters of the particle production can be tailored by Tr, Qr and Qi as
desired. Therefore, the method can be applied for long lasting exposure experiments
with laboratory animals.
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INTRODUCTION

Engineered nanomaterials have been released into the workplaces due to huge
progress of nanotechnology in last years. Not only particles in nanometer size range, but
also fibers like carbon nanotubes (CNTs) are used in wide range of applications such as
electron field emitters, conductive plastics, semiconductor devices and medical devices
(Endo et al,, 2008; Wang et al,, 2011; Chen et al., 2014). Furthermore, workers in some
industries may be exposed continually to dust of various size and composition during
extraction and grinding in mining (Vrins and Hofschreuder, 1988) or demolition,
concrete cutting, surface grinding and sanding processes in constructions (Flanagan et
al, 2003). Compared to ingestion or absorption through the skin, inhalation is
considered as the main route of entry of nanoparticles (<100 nm) to the respiratory
system.

Inexpensive and preventive protection of workers from exposure to hazardous
aerosol particles is to be wearing filtering respiratory devices recommended by many
organizations worldwide. Filtering facepiece respirators (FFR) are widely used against
harmful respirable aerosol particles to protect the user if worn properly.

There are well-known standards describing how to perform the testing of filter
efficiency, such as EN 1822 for HEPA and ULPA filters; EN 143 and 149 for respirators.
The personal protective equipments (PPE) placed within the european market has to be
certified by European Norm (EN) and marked with “Conformité Européen” (CE) mark
indicating European Community (EC) conformity, according to Personal Protective
Equipment directive (89/686/EEC). The PPE has to be tested according European
legislation based on EN 13274-7:2008, Determination of particle filter penetration,
which uses for testing of the respirator penetration non-neutralized polydisperse 1%
solution of sodium chloride and paraffin oil at flow rate of 95 Ipm. The NaCl particles are
supposed to be generated as a polydisperse aerosol having particle size range
approximately 40-1200 nm (MMD ~600 nm). In the case of paraffin oil the resulting size
distribution is supposed to be log-normal with MMD of 400 nm and GSD of 1.82. The
MMD of generated aerosol is usually supposed to be close to Most Penetrating Particle
Size (MPPS) through the filtration material.

This work presents size-resolved penetration testing of 13 commercially available
filtering facepieces (FFP1, FFP2 and FFP3 filtering classes) on pieces of filtration
material (47 mm in diameter) cut from various FFRs (referred as cut-based). Second
objective of this work was to measure the size-resolved penetration of 9 complete FFRs
(selected from identical filtering facepieces as in the first case) placed on the manikin
(refered as manikin-based). The results obtained by these two methods were compared
and the real MPPS of all FFRs obtained by both methods were estimated.
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EXPERIMENTAL SETUP

The filter testing system used in this study was developed in the Laboratory of
Aerosol Chemistry and Physics (LACP) of the Institute of Chemical Process
Fundamentals (ICPF), v.v.i, Czech Academy of Sciences (CAS). The whole system
basically consists of three main parts: particle generation system, filter holder including
the flow control through the measured material and the detectors (see Fig. 1). The LACP
filter testing system was similar for both measurement methods - cut-based and
manikin-based measurements. The only difference was in the filter holder part (simple
filter holder for cut-based measurements was replaced by sealed box with manikin) and
additional valve for cleaning the box with manikin. The whole set-up is described in
details elsewhere e.g. Zikova et al. (2015).
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Fig. 1: Setup of the LACP filter testing system for cut-based penetration measurement.

TESTED MATERIALS

Within the presented study thirteen CE-marked commercially available FFRs (see
Tab. 1) of five different brands were selected (3M, Refil, Moldex, Europa Safety and
Segre) from all three protection classes FFP1 (3 respirators), FFP2 (4 respirators) and
FFP3 (6 respirators). Two representative pieces of filtering material with diameter of
47 mm were cut from each FFR as received (i.e. without any conditioning). These
samples were used for measurement of penetration of cut-based filtration material. In
the case manikin-based measurements nine out of the thirteen FFRs of four different
brands (3M, Refil, Moldex and Segre) were selected (see. Tab. 1). The measurements on
all the FFRs were repeated to check the reproducibility of the measurement method.
Moreover, for all the measurements 2 pieces of the FFR of the same type were measured
to check for the inhomogeneity between the two identical pieces as well as the
variability within one piece of FFR.
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Tab. 1: List of FFRs used for the measurements using both methods - cut-based and
manikin-based size resolved penetration; grayed FFRs were used for both methods; all
of the FFRs are made out of polypropylene.

FFR test FFR Protection Certification
number class
1 Refil 511 FFP1 CE 1024
2 Moldex 3505 FFP3 CE0121
3 3M 9312+ FFP1 CE 0086
4 RespAir C FFP3 CE 0086
5 Refil 831 FFP2 CE 1024
6 3M 8835 FFP3 CE 0086
7 Moldex 3405 FFP3 CEO0121
8 Segre CN P3 FFP3 CE 0194
9| Moldex 2405+ FFP2 CEO0121
10 3M 9310 FFP1 CE 0086
11 3M 9322 FFP2 CE 0086
12 Refil 731 FFP2 CE 1024
13| Segre CNP3V FFP3 CE 0194

RESULTS AND CONCLUSIONS

In the case of cut-based penetration measurements, differences in penetrations
were found not only between two identical respirators, but as well between two filters
from the same piece of respirator. The real MPPS was found to be between 30 and 60
nm and corresponding maximum pentration between 0.05 and 20 % for all cut-based
FFRs (see Tab. 2 and Fig. 2). In the case of manikin-based penetration measurements,
the real MPPS was found to be between 25 and 65 nm and the corresponding maximum
penetration between 0.09 and 18 % (see Tab. 2 and Fig. 3). Detailed tests revealed that
penetration levels increased when the respirator was not sealed around the face of the
manikin and reached up to ~50% so the real protection level provided by these filtering
facepieces may be even lower if the respirator does not have a perfect fit.

Comparing the two measurement methods, the cut-based mesurements in the filter
holder and the manikin-based measurements of respirators in the experimental
chamber are in good agreement and a significant correlation of R2=0.90 was obtained.
Generally, for almost all of the tested FFRs the penetration measured on cut piece of
filtration material exhibited lower values than in the case of the whole FFR measured on
the manikin face. This could be given by several facts. First, the cut-based filter
measurements (with effective diameter 42.54 mm and corresponding effective filter
area 14.27 cm?) were challenged with the flow of 9 Ipm with corresponding face velocity
equal to 10.56 cm/s, which is equivalent to 95 Ipm aerosol flow at assumed 150 cm? of
effective filter area for the respirator in the case of manikin-based measurements.
During the manikin-based measurements we used 95 lpm aerosol flow at assumed
uniform 150 cm? of effective filter area for all the respirators which in reality may vary
from respirator to respirator as well as the respirator style (flat fold or cup shaped,
with/without exhaling valve) and this could cause the discrepancy in the percentage
penetration results.
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Fig. 2: Average size-resolved penetration of FFRs for cut-based measurement method.
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Tab. 2: Results obtained from size-resolved penetration measurements using both
methods - cut-based and manikin-based size resolved penetration; grayed FFRs were
used for both methods.

Cut-based penetration Manikin-based penetration
FER test Pressure drop Pressure drop
number MPPS [nm] kPa] MPPS [nm] [kPa]
1 57.8 0.07 52.8 0.07
2 52.4 0.15 54.7 0.12
3 28.1 0.07 25.0 0.08
4 43.3 0.21
5 42.5 0.11 44.4 0.12
6 36.7 0.23 36.0 0.15
7 46.5 0.15
8 43.8 0.21 48.1 0.17
9 58.7 0.18 64.4 0.15
10 32.5 0.08 26.5 0.06
11 32.7 0.12 43.0 0.10
12 40.4 0.04
13 38.8 0.19

Second, during the filter measurements the homogeneity of the material was
determined by measuring four filters cut out from two identical FFRs and the results
suggest rather non-homogenous distribution of the filtering material in some
respirators. And this inhomogeneity within the FFR could cause some shortcuts for the
particles penetrating the material of the respirator thus enhancing the measured
penetration.

Furthermore, the results obtained during this work show that the standard filter
testing methods are based on misleading assumption possibly leading to overestimating
of the FFR performance (taking into account the suggested MPPS at 200 - 300 nm by EU
norms compared to real ones - all bellow 100 nm and use of polydisperse versus
monodisperse aerosol). Therefore, such a study could serve also as a basis for
improvements in the filtration efficiency standard method, which seems to give
insufficient and in some perspectives limited or even misleading information.
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