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UVOD - INTRODUCTION

Vazené kolegyné, vaZzeni kolegové,

Leto$ni jiz sedmnacty ro¢nik Vyroéni konference Ceské aerosolové spole¢nosti se kona
diky iniciativé naSich moravskych kolegti v Mikulové. S potéSenim musim konstatovat,
Ze tato konference je s dvaceti deviti prispévky historicky nejvétSi. Témata zahrnuji
chovani aerosoli ve vnéjsSim i vnitinim prostiedi, jejich sloZeni a identifikaci zdrojt,
tak i stale popularnéjsi nanocastice.

Tradic¢ni byla hojna aktivni Gicast nasich ¢lenti na Evropské aerosolové konferenci, ktera
se letos konala ve starobylém francouzském meésté Tours. Tentokrat jsme bohuZel
zapomnéli na skupinové foto, které byva nedilnou soucasti tohoto sborniku. Urcité to
napravime pristi rok v Curychu.

0d leto$niho roku se Ceska aerosolova spole¢nost rozhodla finanéné podpotit ty mladsi
kolegyné a kolegy, kteii se rozhodnou prezentovat svij prispévek na mezinarodni
konferenci formou piednasky. Vroce 2016 tuto formu podpory zatim vyuzily dvé
odvazné kolegyné, Cecilia Leoni a Petra Pokorna, kterym timto blahopfteji.

Jiz tradi¢ni je také podpora nasi konference firmou ECM ECO Monitoring. Velmi mne tési,
Ze letos pribyli dal$i dva sponzofri, a to firmy Testo a Dekati. Novinkou leto$niho roku je
také soutéZ o nejlepsi prednasku mladého védce podporena firmou Dekati. VSem nasSim
sponzorim bych timto chtél upfimné podékovat.

Tésim se na setkani s Vami v Mikulové ©

V Praze dne 5.10.2016 Vladimir Zdimal

Predseda CAS
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ON USAGE OF SIZE SEGREGATED PARTICLE NUMBER CONCENTRATION TO GUESS
THE ORIGIN OF PM2.5 AT THE RURAL BACKGROUND SITE KOSETICE

Jaroslav SCHWARZ1, Michael CUSACKY, Jindfich KARBAN?, Eva CHALUPNICKOVA?,
Vladimir HAVRANEKS, Jii SMOLIK?, Vladimir ZDIMAL!

nstitute of Chemical Process Fundamentals CAS, Prague, Czechia, schwarz@icpf.cas.cz
2Czech Hydrometeorological Institute, Prague, Czechia, chalup@chmi.cz
3Nuclear Physics Institute, ReZ at Prague, Czechia, havranek@uijf.cas.cz

Keywords: PM2.5, Chemical composition, Number concentration
INTRODUCTION

Rural background studies serve mainly to assess the long-range transport influence
and long-term trends. However, it is difficult to find a place with no influence of local
sources. This is also the case of KoSetice observatory having three small settlements
within two km from the observatory. Therefore we attempted to analyze if the influence
of these or other nearby sources can be seen in our data on PM2.5 chemical composition.
Besides other possibilities like specific ratios of various gaseous compounds we
concentrated on using size resolved number concentration data because of their
dynamics that leads in general into particle growth until they reach accumulation mode.
Several similar studies (e.g. Cusack et al. 2013) were performed during recent years.

EXPERIMENTAL SETUP

PM2.5 chemical composition was measured using two parallel samplers equipped
with PM2.5 sampling heads. Double 47 mm in diameter quartz fibre filters were used in
one sampler while TEFLO (47 mm in diam., 2 pm porosity) was used in the other one. 24
hour sampling was done every 6t day from February 2009 till March 2010 leading to 70
sampling days in total. The quartz fiber filters were analyzed for water soluble ions
using IC, for EC and OC using TOT method, and for levoglucosan using GC-MS. The
TEFLO filters were analyzed using PIXE for elemental composition. Number size
distributions were obtained with 5-min time resolution in parallel using SMPS that
measured within EUSAAR project. Average concentrations for each sampling day were
calculated in 6 size fractions: 10-25 nm, 25-50 nm, 50-80 nm, 80-150 nm, 150-300 nm,
and 300-800 nm. Correlation matrix was provided using Spearman correlation
coefficients for all analyzed compounds and number concentrations in each fraction.
Besides the correlations for the whole period, correlation analysis was carried out also
separately for cold and warm period of the year.

RESULTS AND CONCLUSIONS

Correlations of individual analyzed species were quite common. PM2.5 highly
correlated with ammonium (Spearman correlation coefficient r=0.90), sulphate (0.81),
and OC (0.82). An influence of industry or coal combustion can be deduced from its
correlation with Zn (0.89) and Pb (0.78) (Pacyna et al. 2007). Correlation of PM2.5 with
K (0.84) supports the influence of biomass combustion.
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While correlations for the cold period were similar to overall correlations (PM2.5
correlated with sulphate (0.84), ammonium (0.84), OC (0.86), Zn (0.90), Pb (0.72), and K
(0.86)), the warmer season correlations were partially different. Species that may be
connected with industrial sources had similar correlation with PM2.5 as for the whole
period (sulphates (0.94), ammonium (0.94), Pb (0.83), and Zn (0.76)), whereas
correlations of others, such as OC, were much lower.

Correlations between PM2.5 and chemical species with number concentration of
particles in individual size fractions also differed between cold and warm period of the
year. During cold part of the year PM2.5 correlated highly with number concentration of
particles between 300-800 nm (N300-800; r= 0.98), but also with N150-300 (0.92) and
N80-150 (0.83). In contrast, during the warm period PM2.5 correlated highly only with
particle number concentration of N300-800 (0.85). The correlation obtained for the next
smaller particle size interval N150-300 was much lower (0.54). Such differences in
correlations with particle number size distributions can provide us with information not
only about particle sources but also about the aerosol age. The example described above
suggests that PM2.5 aerosol mass is of mainly aged, long range transported or regional
origin during warmer part of the year, i.e. with little influence of local sources, whereas
during the cold period we observed quite important influence of local aerosols.

Similar reasoning, based on correlations of individual chemical species with particle
number concentrations in six size classes, lead us (Schwarz et al. 2016) to conclusion
that the aged industrial and coal combustion sources form major part of PM2.5 aerosol
at KoSetice site during warmer period. Nevertheless, secondary organic aerosol could
not be inferred directly from our data while some influence of biomass combustion was
seen even in warm period.

On the other hand, although aged industrial and coal combustion sources remained
significant in the cold period, biomass and wood combustion aerosol exhibited
important role in PM2.5 as well, nevertheless being connected with more local sources.
More data are needed to enable full PMF source apportionment analysis of PM2.5 at this
site.
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INTRODUCTION

One of the most important characteristics of atmospheric aerosols is their volatility.
Volatility affects the formation, life time, and removal of aerosol particles (Huffman et
al., 2009). Accurate description of volatility of atmospheric aerosols can lead to a better
identification of their sources and it is also crucial for models incorporating
condensation and aging of aerosols (Wu et al,, 2009; Zhao et al., 2016). However, there is
still a lack of knowledge regarding aerosol properties such as volatility especially in case
of organic aerosols (Lee et al., 2010).

To increase our understanding of aerosols volatility, we have performed summer
(21.8.-2.10.2012; 17.6.-18.8.2014) and winter (19.2.-28.5.2013; 9.1.-13.3.2014)
measurement campaigns with a thermodenuder at a suburban site in Prague Suchdol
and at a rural site KoSetice, respectively.

EXPERIMENTAL SETUP

The following instruments were deployed during the summer and winter
measurement campaigns with a thermodenuder: Compact Time-Of-Flight Aerosol Mass
Spectrometer (C-ToF-AMS), Scanning Mobility Particle Sizer (SMPS), Filter Measurement
Analyzed by Ion Chromatography (IC).

The collection efficiencies for the non-thermodenuded sample measured by the AMS
during particular campaigns were determined by comparison of sulphate
concentrations measured by the AMS and chemical analyses of PM1 filter samples taken
in parallel. The resulting values are following: Suchdol Summer (PS) 0.36, Suchdol
Winter (PW) 0.33, KoSetice Summer (KS) 0.25%*, KoSetice Winter (KW) 0.14*.

* Uncorrected for sample dilution.

RESULTS

Figure 1 shows the ratio of thermodenuded and non-thermodenuded samples for
particular campaigns. Sulphate was the least volatile compound during all campaigns,
followed by ammonnium, chloride, organics and nitrate - the most volatile compounds.
The relatively lower volatility of nitrate in summer compared to winter is caused by
higher average temperatures in summer leading to its evaporation prior to entering the
sampling head. We have also studied the volatility in relationship to the origin of
relevant air masses.
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Fig. 1: Ratio of thermodenuded and non-thermodenuded mass concentrations measured
by the AMS during particular campaigns
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CHARACTERIZATION OF SUBMICRON AEROSOL IN PRAGUE BY SOURCE
APPORTIONMENT ANALYSIS OF COMBINED AMS DATA
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Keywords: Atmospheric aerosols, Chemical composition, AMS, PMF
INTRODUCTION

PM1 non-refractory chemical composition and concentration was measured by
Aerodyne Compact Time-of-Flight Aerosol Mass Spectrometer (AMS) during two six
weeks long summer and winter campaigns in 2012-2013. The retrieved highly time
resolved data were analyzed using the SoFi graphical user interface that is developed by
Paul Scherrer Institute (Canonaco et al.,, 2013) and is running under IGOR software
(WaveMetrics).

DATA PROCESSING

Aerosol data and error matrixes were trimmed and averaged to 30 min intervals
and analyzed by receptor modelling based on positive matrix factorization. In the first
step only organic aerosol (0OA) data were analyzed by both unconstrained and
constrained technique using Multi-linear engine (ME-2) (Paatero, 1999). Four factor
profiles were determined in both seasons. In summer season we 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-O0A) and low-volatile oxygenated organic aerosol (LV-
00A). In winter season we found the same four factors but with slightly different mass
profiles. HOA traffic factor was probably mixed up with coal combustion from domestic
heating and BBOA factor was influenced by wood burning in local stoves.

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

RESULTS AND CONCLUSIONS

As a most promising result for summer campaign seems a five factors solution with
two constrained factors. Factor HOA was constrained with rather high a-value = 0,3,
because traffic aerosol from city center is already a bit changed when it reaches Suchdol
site. SVOA factor was also constrained with a-value = 0,3. Other three factors remained
unconstrained. LV-O0A factor consisted mainly from organics whereas two remaining
factors sulfate combined with ammonium (SO4+NH4) and nitrate with ammonium
(NO3+NH4) were mostly inorganic.

Five factors solution seems to be best fitting also for data from winter campaign.
Constrained profiles were again HOA factor (a-val = 0,3) and BBOA factor (a-val = 0,3).
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HOA factor was combined mainly with chlorides, sulfate and ammonium whereas BBOA
factor is related mostly to potassium and partly also to nitrates. Like in summer LV-O0A
factor remained mostly organic and both inorganic factors SO4+NH4 and NO3+NH4 also
remained almost unchanged. Both inorganic factor profiles were supplemented by
rather low concentrations of partly oxidized organic aerosol.
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Fig. 1: Comparison of ratios of levoglucosan to total aerosol and BBOA factor to total
aerosol during winter campaign.
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INTRODUCTION

Source apportionment of airborne particulate matter (PM) has assumed increasing
importance in recent years. Such apportionments can serve as the basis to design
effective strategies for reducing PM concentrations. There are several receptor model
approaches of which factor analysis (FA) is the most frequently used to estimate the
number and chemical profiles of the sources and their contributions to the receptor
concentrations (Viana et al., 2008, Belis at al., 2013). Recent air quality studies use an
advanced variant of the FA, Positive Matrix Factorization (PMF). Due to the dependence
of the toxicity of particles on their chemical composition and size, recent source
apportionment studies focus not only on chemical composition but on particle number
distribution data as well (Kim et al,, 2004, Zhou et al., 2004, 2005, Ogulei et al., 20073,
2007b, Kasumba et al., 2009). Typically, sources of an important pollutant in urban
atmosphere, ultrafine particles (UFPs), are not possible to resolve efficiently by source
apportionment modelling based only on aerosol mass and chemical composition. By
investigating particles in various size ranges, it is possible to identify more clearly and
apportion the sources that contribute more to the particle number than to the particle
mass (Vu et al., 2015). The two approaches appear to be complementary, as the analysis
of the PM chemical composition data is able to distinguish components contributing to
particle mass, whereas the particle number size distribution data set is more effective
for identifying components making an appreciable contribution to particle number
(Zhou et al., 2005, Beddows et al., 2015).

This study aims: to apply PMF to number size distribution data, to apportion the
aerosol particle sources over size range of 14nm-10pm, to investigate the relationship
between size distribution and composition data.

EXPERIMENTAL SETUP

A sampling campaign was carried out from the 5t of February to the 7th of March
2014, with an isothermal mobile station, at Ostrava Radvanice residential district. Five
minute integrates of particle number concentration (PNC) and number size distribution
(PNSD) data were recorded. Ultrafine, fine and coarse particle concentrations and size
distributions were measured using a SMPS model 3936L25 (TSI Inc., size range: 14-723
nm) and an APS model 3321 (TSI Inc., size range 0.54-20 um). Davis Rotating-drum
Uniform-size-cut Monitor - 8DRUM (DELTA Group UC-Davis) was used to collect
particles in five size ranges from 0.09 to 1.15 pm. Particles were collected on Mylar
substrates lightly greased with ApiezonTM and the strips were analysed with an
integration time of 2 hours (8DRUM) for 24 elements using synchrotron X-ray
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fluorescence (S-XRF) in the Air Quality Research Center, University of California (UC-
Davis). Additionally, 5-min. integrates gaseous components CO, SOz NOy, O3, CHs were
measured with Horiba 360 series analysers. The meteorological parameters were wind
speed/direction (WindSonic M, Gill), global radiation (Thies), ambient air temperature
(Rotronic) and humidity (Commeter).

RESULTS AND CONCLUSION

The PMF analysis of 5-minutesd PNSD yielded an optimum four factors solution. The
four factors have a predominant mode at nucleation, Aitken, accumulation, and coarse
size range (Fig. 1) and they contribute to the total PNC by 43, 32, 20 and 5%
respectively. Comparison of the four factor optimum solution with three, five and six
factors was performed. All the solutions had nucleation mode and coarse mode factors
in common. The three factors solution was discarded due to high number of residuals.
When using five factors, an obscure factor with mode at 0.9 - 1.2 pm appeared, but its
contribution to the total PNC was negligible. Using six factors, the accumulation mode
factor split into two, with a noticeable correlation, leading to the conclusion that four
factor solution is meaningful solution.

The modelling of mass concentration and chemical composition revealed five factors
and their relative contributions: urban background 39%, biomass burning 27%, road
dust 18%, iron production 9%, steel production/sintering 6%. The accumulation mode
factor resolved with PNSD occurs with low wind speed or with north-easterly winds.
The diurnal pattern suggests local domestic heating, but also reflects boundary layer
dynamics. Long range transport cannot be excluded. The urban background factor,
resolved using the chemical composition, has the same wind pattern. The factor
associated with nucleation mode particles is related to south-westerly sector but also to
low wind speed. It has a consistent diurnal pattern with morning and evening peak,
suggesting traffic emission. Nevertheless, different combustion sources can emit
nanoparticles, and association with this factor and gaseous pollutants is not always
clear. The factor characterized by Aitken mode particles (diameter of 30-40 nm) is
associated with south-westerly wind with higher speed, and the time series shows an
association with CO and SO, indicating industrial plumes (Leoni et al., 2016) emitted by
the metallurgy complex. The coarse particle factor is associated with high wind speed
from the south-westerly sector, and no consistent day of the week pattern is observed.
Also this factor can be associated to the large metallurgy complex located at south-west
direction.

The comparison between the two analyses, one based upon chemical composition
and the other based on PNSD, did not elucidate many components in common. The size
range is not overlapping in the ultrafine (<90 nm) and in the coarse (>1.15 pum) portions.
The two methods are rather complementary, and the PNSD modelling is important to
apportion sources of ultrafine particles, which have little impact on particle mass but
substantial impact on particle number. This study revealed an important industrial
source contribution to the PNC (37%), but it was unable to make a clear separation of
industrial and traffic sources within the nucleation mode particles factor.
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SUMMARY

Research infrastructure ACTRIS-CZ was adopted on the Czech national roadmap of
reaserch infrastructures in 2016. Its coreforms a co-located station KoSetice-KieSin u
Pacova and special equipment from collaborating partner institutions. Research
infrastructure ACTRIS-CZ is focused on atmospheric research, especially on atmospheric
aerosol, reactive gases and meteorological parameters.

UvoD

Na zacatku roku 2016 byl zahajen projekt ACTRIS-CZ. Projekt vznikl v souladu
s dlouhodobou stategii evropské vyzkumné infrastruktury ACTRIS, kterd je od biezna
2016 soucasti cestovni mapy evropskych vyzkumnych infrastruktur ESFRI. ACTRIS-CZ
sdruzuje ¢tyfi instituce. Prijemcem je Cesky hydrometerologicky tstav, partnerskymi
institucemi jsou Ustav chemickych procesi AV CR (UCHP), Ustav vyzkumu globalni
zmény AV CR (UVGZ) a Centrum pro vyzkum toxickych latek v prostedi Masarykovy
univerzity (RECETOX). Jadrovou stanici vyzkumné infrastruktury ACTRIS-CZ
(podporovana projektem ACTRIS-CZ) je sdruZena stanice KoSetice-KreSin u Pacova.
Instituce zapojené v projektu maji dlouholetou vazbu na vyzkumnou lokalitu, spole¢né
poskytuji kvalitni zakladnu pro specializovany vyzkum.

VYZKUMNA INFRASTRUKTURA ACTRIS-CZ

Vyzkumna infrastruktura (VI) ACTRIS-CZ je lokalizovana na SZ okraji kraje Vysocina.
Diky svému umisténi mimo hlavni zdroje zneciSténi reprezentuje nejen regionalni
tiroven znecisténi ovzdusi v CR ale i ve stiedni Evropé. Zakladnim prvkem VI ACTRIS-CZ
je Observatoi KoSetice (OBK) provozovand Ceskym hydrometerologickym tstavem.
Stanice disponuje vice nez 25letou radou méreni kvality ovzdu$i a hodnot
meteorologickych parametrii. Dal$imi rovnocenymi partnery jsou:

e UCHP - pracovisté specializované na vyzkum aerosold, od roku 2008 realizuje

specialni méreni atmosférickych aerosolt v arealu OBK.

e UVGZ - tGstav zaméfeny na vyzkum a dopady globalni zmény, v roce 2013

vybudoval Atmosférickou stanici KieSin u Pacova. Atmosféricka stanice je
situovana v tésné blizkosti OBK. Stanici tvori 250 m vysoky atmosféricky stozar,
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jezZ dovoluje kontinudlni monitorovani vertikdlniho profilu sklenikovych plyng,
kvality ovzdusi a meteorologickych parametri.

e RECETOX - centrum specializujici se na vyzkum zneciSténi prostredi toxickymi
latkami, zejména na perzistentni organické polutanty (POPs), polarni organické
latky, toxické kovy a prirodni toxiny. RECETOX na OBK a v prilehlém okoli
uskuteciiuje jiz od roku 1988 integrovany monitoring POPs.

Obr. 1: Vyzkumna infrasturktura ACTRIS-CZ.

PREHLED MEREN{ VI ACTRIS-CZ

Vyzkum probihajici na infrastrukture se soustiedi hlavné na atmosférické aerosoly,
reaktivni plyny a meteorologické parametry. Cast vyzkumu navazuje na jiz existujici
méfeni, které budou v ramci projektu podporena a inovovana. Mezi vyznatna méreni
patii dlouhodobé monitorovani POPs, volatilnich organickych latek (VOCs), bazickych
kationtll a méreni meteorologickych parametrii ve vertikdlnim profilu. VI disponuje
automatickym mérenim fyzikalnich a chemickych vlastnisti atmosférickych aerosoli. Od
roku 2008 je kontinualné mérena velikostni distribuce ¢astic (SMPS, IfT Tropos). V roce
2013 byly spustény tri specialni kontinudlni méreni: 1) koeficient rozptylu svétla na
aerosolovych casticich (Integrovany Nephelometer, TSI 3563), 2) absorpce svétla
aerosolovymi c¢asticemi (Aethalometer, Magee AE31), 3) koncentrace organického a
elementarniho uhliku (Semi-continuous OCEC analyzer, Sunset laboratory). Inovaci ve
vyzkumu aerosolli budou i vertikdlni méreni koncentraci aerosoli a jejich chemického
slozeni na 250 m stozaru. VI ACTRIS-CZ kontroluje souborné méreni se znacnym
potencialem k dalSimu rozvoji. Ziskané vysledky podpoii kvalitni atmosféricky vyzkum,
coz prispéje ke komplexnimu porozuménti jevii probihajicich v atmosfére.
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SUMMARY

Vertical profiles of aerosol particle number-size distributions and concentrations
were constructed from a total number of 5 airship flights conducted within a planetary
boundary layer at heights 20-500m (1000m) of urban atmosphere above Svermov,
residential district of Kladno city, in winter. Vertical size distribution profiles recorded
above sports field in the residential district exhibited strong diurnal variation. While
early morning profile recorded during strong temperature inversion indicated
nanoparticle sources on the ground, increasing intensity of the Sun radiation during
time of the day causes temperature inversion disappearance, decrease of PM1 mass and
relative humidity, increase of ozone which condition favor new particle formation at
heights about 250-350m. Newly formed particles are then being transported downward
by strongly evolved turbulence in planetary boundary layer and detected on the ground.
This finding supports the hypothesis that new particle formation, frequently observed
on the ground may, in fact, originate at elevated altitudes.

UvoD

Znalost prostorového rozloZzeni ¢astic atmosférického aerosolu v mezni vrstvé
méstského ovzdusi umoZznuje rozliSit mistni a vzdalené zdroje aerosolu a tim prispét ke
kvalité modelovych odhadi zdrojt znecisténi méstského ovzdusi.

METODY MERENI

Méreni prostorového rozloZeni c¢astic atmosférického aerosolu v mezni vrstvé
atmosféry 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 5ms-1. Letova méreni probihala 18. 2. 2016 v ¢ase 8:27-14:55
CET s mistem vzletu nad stadionem T] Banik Svermov (50°10'0.421"N, 14°6'41.965"E)
ve vySkach 20-500m (1000m) nad stadionem s vertikalni/horizontalni lokalizaci dat
kolem 8m. Letovd méreni zahrnovala stanoveni velikostnich distribuci poctu ¢astic v
rozmezi 10-350nm s minutovou integracni dobou (Nanoparticle Sizer 3910, TSI) a
teploty ovzdusi s frekvenci 1Hz. Soucasné byly méreny az do vySky 300m vertikalni
profily teploty a relativni vlhkosti (Vaisala) s pomoci upoutaného balonu plnéného
heliem. Pozemni méreni zahrnovala stanoveni meteorologickych parametri (Gill),
velikostnich distribuci poctu ¢astic aerosolu v rozmezi 15-720nm (SMPS3936L25, TSI) a
koncentrace NOy, SOz, CHs, CO, O3 (serie-360, Horiba) s integracni dobou 5 minut.
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VYSLEDKY A DISKUSE

Obvykle bimodalni distribuce, 15/60 nm, vykazovaly vyrazny denni chod. NejvySsi
pocty castic ve vySce kolem 60/20m a jejich rychly pokles ve vySce cca 80m brzo rano
(Obr.1 vlevo) souhlasi sinverznim vertikdlnim teplotnim gradientem 0.1 a 0.02 ve
vySkach 0-30m a 30-120m a poukazuji na prizemni zdroje castic indikované zvySenymi
koncentracemi CO (0.4 ppm), SOz (2.8 ppb) a PM1o (30 pgm-3). S narGstem intenzity
slune¢niho zareni teplotni inverze rychle mizi a vertikalni profil po poledni (Obr.1.
vpravo) ukazuje nejvyssi koncentrace 15nm castic vysce 250-350m. ZvySené hodnoty
slunec¢niho zareni (400 Wm-2) a koncentraci Oz (25 ppb) spolu s nizkou vlhkosti ovzdusi
(60%) a PM1 10 pgm-3 indikuji spiSe nukleaci aerosolovych ¢astic (Platis, A. a kol, 2016)
nezli jejich primarni emise ze vzdalenych zdroji. Nasledné zvysené prizemni
koncentrace 15nm castic lze vysvétlit zvySenou turbulenci v mezni vrstvé atmosféry a
konvektivnim transportem k povrchu z vétsich vysek.
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Méteni dynamiky vertikdlnich profili velikostnich distribuci aerosolovych castic
spolu s koncentracemi stopovych plynii a meteorologickych parametrii umoznuje
rozkryt pri¢iny a mechanismy vedouci ke vzniku znecisténi méstského ovzdusi.
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TEMPERATURE AND RELATIVE HUMIDITY VERTICAL PROFILES WITHIN
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INTRODUCTION

Major source of winter urban air pollution in Central and Eastern Europe is often
local heating, especially in small cities and districts with family houses heated by solid
fuel as the case study from the Czech Republic (Hovorka et al., 2015). Citizens in the
Czech Republic burn mostly wood, black and even low-quality brown coal. Despite the
law, extremely hazardous waste combustion is common phenomenon in poor districts.
Other air pollution sources are traffic, industry, long-range transport and microscale
sources like smoking. In the process of combustion, polycyclic aromatic hydrocarbons
(PAHs) and other potentially toxic substances are frequently produced. Large molecular
PAHs are highly carcinogenic, i.e. benzo[a]pyrene, and possess, with other toxic organic
compounds, the greatest risk to human health from the airborne particulate matter
(PM). Pollutant penetration into lungs is PM size dependent (Topinka et al.,, 2015).

PMx and PAHs health limits are exceeded in urban airsheds especially in winter
when vertical temperature inversions are frequently formed due to unfavorable
geomorphology like closed valleys. The planetary boundary layer is a dynamic system
with turbulent flow where horizontal and vertical air mixing depends mainly on the
weather conditions and geomorphology. Normally, air temperature decreases from with
height but inversion situation may occur mainly during winter. During the inversions,
valleys are filled with mixture of emissions from the sources on the ground and PM
concentration rise fast. Inversion layer height is often the key factor of the air pollution
impact to human population in the valley. Above the inversion layer pollutant dispersion
is much higher.

By the measurements of inversion layer height, we can estimate the area for which
ground air pollution monitoring in the valley is relevant. Moreover, we can discuss the
sources because inversion cap over the valley suppresses influence of long-range
transport and outer sources.

Svermov district of Kladno city is an air pollution hot-spot where benzo[a]pyrene
B[a]P reaches the highest B[a]P annual concentration in Bohemia.

EXPERIMENTAL SETUP

Comprehensive characterization of urban aerosol was conducted in Svermov,
residential district of Kladno city, about 30 km NW from Prague. Measuring campaign
was realized from 2nd Feb. to 34 of March 2016.

Five minute integrates of PM1o (by Beta Gauge FH 62 I-R), CO, NOx, SO, O3, CHa,
NMHC (Horiba APCA-360, APNA-360, APHA-360, APSA-360, APOA-360), ambient
temperature T and relative humidity RH (Commeter), global radiation (Thies), wind
speed and direction (Wind-sonic), precipitation (disdrometer Thies) were measured by
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isothermic mobile station placed at the football field in Svermov (50°10'0.421"N,
14°6'41.965"E).

Simultaneously, in the immediate vicinity to the station, total number of
53 measurements of vertical profiles for temperature, humidity, pressure up to the
height of 300 m within the atmospheric boundary layer was conducted by tethered,
helium-filled balloon with a volume of 5 m3. Balloon can carry max. 2.5 kg instruments
and point-of-view camera. Air temperature, relative humidity, atmospheric pressure
were acquired with 4 Hz frequency by Vaisala radiosonde. Height h was calculated from
the atmospheric pressure data according to Wallace and Hobbs (1977)

h = (R/g) (T) In(po/p), (1)

where R is the general gas constant, g is the acceleration of gravity, po is the
atmospheric pressure on the ground and p atmospheric pressure at the height h, T is the
average temperature in the air column.

Balloon takeoff is possible only when wind speed is less than approx. 2 ms and
there are no strong gusts. The data recorded on the way up was used to construct
vertical profiles (Fig. 1).

Fig. 1: Temperature and humidity vertical profiling, Kladno-Svermov, 6. 2. 2016
RESULTS AND DISCUSSION

Totally, 53 vertical profiles by tethered balloon were conducted. Fig. 2 shows on the
left the normal situation where air temperature from the Earth surface decreases with
height with small fluctuation near ground till 15 m height. On average temperature
decreased by 0.9 °C per 100 m of height while RH raised from 67 to 76 % (3.2 % per
100 m in average) during this profile. On February 7, there was calm SW wind with
0.6 ms'! median, temperature median was -0.4 °C, relative humidity median 92 %, global
radiation 7 Wm-2 and PM1o daily median was 48 pgm-3.
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Fig. 2: Vertical profiles of temperature (T/°C) and relative humidity (RH/%) in Svermov,
7.2.2016 (left), 25. 2. 2016, 13:50-13:55 (right).

During 25t% January there was similar meteorology: WS median 0.5 ms-1, the same
SW direction, T median -4.2 °C, RH median 80 %, GR median 8 Wm-2 but boundary layer
wasn’t stable which is evident from the Fig. 2 (right). PM10 median was 25 pgm-3 which
is almost twice lower concentration. Gaseous concentrations were: SOz 1.7 ppb,
03 34.6 ppb, NO2 4.5 ppb, NO 0.02 ppb, CH4 1.7 ppm. Stronger N wind at the height of
200 - 270 m was indicated by the balloon floating.
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Fig. 3: Vertical profile of temperature (T/°C) and relative humidity (RH/%), Svermov,
18.2.2016, 7:56-8:04 (left), 10:13-10:21 (right)

Different situation is at Fig. 3, where temperature inversion was captured. On the
left graph there is morning temperature inversion with several gradients at 7:56 to 8:04
on January 18. On the right picture is the vertical profile 2 hours later (10:13-10:21)
where inversion just disappeared. During this day medians were: WS 0.4 ms1, south
wind predominantly, T -3.9 °C, RH 92%, GR 7 Wm-. From 8:00 to 10:15 WS raised from
0.3 ms!to 0.7 ms1, T from -6.2 °C to 1.4 °C, PM1 decreased from 21 pgm-3 to 13 pgm-3
and relative humidity from 94 % to 77 %. For a comparison, concentration of SO raised
from 1.22 ppb (8:00) to 3.52 ppb (10:00), O3 from 4.34 ppb to 14.7 ppb, NO; decreased
from 17.8 ppb to 4.3 ppb, NO from 49.9 ppb to 3.0 ppb, CHs was almost the same 1.9 ppm
at 8:00 and 1.8 ppm at 10:00.
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Evening inversion on January 12 from 22:25 to 22:30 is at the Fig. 4,
PM1o concentration was 51 pgm-3, T was -5.4 °C, 0,9 ms-! strong wind with SW direction,
relative humidity was 92 % and global radiation 7 Wm?-3. Inversion layer is in approx. at
height of 60 m. That means people living under the edge of the valley are under the
inversion layer and PM1o concentration, which exceeds the health limit, is relevant for
them. Most of the observed inversions were at around 50 m height from the bottom of
the valley.
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Fig. 4: Temperature (T/°C) and relative humidity (RH/%) vs the height (m), 12. 2. 2016,
22:25-22:30

CONCLUSIONS

The measurements confirmed frequent formation of temperature inversion within
boundary layer. The inversions were observed mainly during mornings and nights and
usually were reaching a height of 50 m. This height corresponds to valley depth so lid
over the pot effect would be obvious during the smog. Air quality within the microscale
of valley airshed strongly depends on extension of the inversion layer. Tethered balloon
measurements have been proved being a good tool for completion comprehensive air
quality measurements.
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SUMMARY

In this work the organic compounds and organic markers used for the identification
of main aerosol sources were measured in PM1 aerosol in a small town (Kladno-
Svermov) near Prague. Monosaccharide anhydrides and resin acids (emissions from
biomass combustion) were found especially. Polycyclic aromatic hydrocarbons
(emissions from traffic and incomplete combustion), hopanes, steranes (traffic, coal
combustion) and alkanes were other groups of analysed organic compounds. Markers
were studied in the size fraction PM1 because this fraction of aerosols is more harmful
to human health than higher PM fractions.

UvoD

V atmosféie se nachazi mnoho organickych sloucenin vazanych na aerosolové
Castice, které jsou produkovany nejraznéjSimi zdroji: primarni (pfirodni, antropogenni)
a sekundarni (reakce v atmosfére). Antropogennimi zdroji aerosolu jsou napf. spalovani
ropy, plynu, fosilnich paliv, dfeva nebo odpadi, dale automobilova doprava, primysl],
skladky odpadii a dalsi (Kiimal et al., 2012). Atmosférické aerosoly ptisobi Skodlivé také
na lidské zdravi. Dlouhodoba expozice vysokych koncentraci atmosférického aerosolu se
projevuje zvySenim umrtnosti, poctu nddorovych onemocnéni plic a kardiovaskularnich
onemocnéni (Brunekreef a Holgate, 2002). Skodlivost atmosférickych aerosoli na lidské
zdravi je dana nejen velikosti jejich castic, ale i jejich chemickym sloZenim (Kitmal et al.,
2012).

Bylo sledovano chemické sloZeni frakce PM1 v Kladné&-Svermové se zaméienim na
analyzu molekulovych markert, které se vyuzivaji pro identifikaci emisnich zdroji
aerosold.

METODY MERENI

Organické slouceniny byly analyzovany v méstském aerosolu v Kladné-Svermové
(vzorky odebirany 2. 2. - 1. 3. 2016) ve frakci PM1. PM1 aerosol byl odebirdn pomoci
velkoobjemového vzorkovace DHA-80 (Digitel) na kiemenné filtry o priiméru 150 mm
(pritok vzduchu 30 m3/h) ve 24 hodinovych intervalech (zacatek vzdy v 10:00). Kladno
(68 tisic obyvatel) se nachazi 25 km severozapadné od Prahy. Svermov je okrajova étvrt
Kladna (zhruba 4 tisice obyvatel) nachazejici se v severni ¢asti mésta.

Filtry s navzorkovanymi aerosoly byly rozstfihany na 2 €asti. Prvni ¢ast byla pouZita
pro spoletnou extrakci anhydridi monosacharidd, pryskyri¢cnych kyselin,
methoxyfenolli, monosacharidii, disacharidi a polyoli (cukernych alkoholli) pomoci
smési dichlormethan/methanol (1:1 v/v) v ultrazvukové vodni lazni. Extrakty byly po
derivatizaci analyzovany pomoci GC-MS (Kitmal et al., 2010). Ve druhé ¢asti filtrii byly
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analyzovany alkany, hopany, sterany a polycyklické aromatické uhlovodiky (PAU).
Extrakce probihaly smési hexan/dichlormethan (1:1 v/v). Extrakty byly po frakcionaci
analyzovany pomoci GC-MS (Kitimal et al., 2013, Mikuska et al., 2015).

VYSLEDKY A DISKUSE

Hmotnostni koncentrace PM1 aerosolu v Kladné-Svermové se pohybovaly mezi 4,34
- 48,3 pg/m3. Primérny procentudlni prispévek sumy analyzovanych organickych
sloucenin v PM1 ¢inil 4,61 %.

Priibéhy koncentraci analyzovanych organickych sloucenin jsou uvedeny na Obr. 1.
Nejvyssi koncentrace byly nalezeny pro anhydridy monosacharidii a pryskyticné
kyseliny, coz souvisi s vy$$Sim spalovanim biomasy (dfeva) v zimnim obdobi. Emisnim
zdrojem PAU miiZze byt spalovani jakéhokoliv organického materidlu (spalovani
biomasy, fosilnich paliv, odpad(, emise z automobilové dopravy a primyslu a dalsi).
Mezi organické markery dopravy a spalovani uhli patii hopany a sterany. Sterany se do
ovzdusi emituji pouze z motorovych oleji, zatimco hopany z dopravy (motorové oleje) a
ze spalovani uhli. Pro identifikaci spalovani rtznych typt uhli se uzivaji diagnostické
poméry R- a S- isomert 17a(H),21B8(H)-homohopanu. Homohopanovy index [S/(S+R) =
0,11 (0,09 - 0,12)] a pritomnost picenu indikuje spalovani hnédého uhli. Emisni zdroje
miiZeme od sebe rozlisit také pomoci diagnostickych poméri PAU, av$ak jejich vyuZiti je
problematické, protoZze hodnoty téchto pomért se vzajemné prekryvaji. Dalsi
nevyhodou pouziti diagnostickych pomeéri je reaktivita PAU v atmosfére v pritomnosti
NO2, O3 a OH radikalt (Kiimal a kol, 2012; Kitimal a kol, 2013).

Koncentrace PAU se pohybovaly mezi 3,50 - 105 ng/m3 (primér 28,6 ng/m3).
Diagnosticky pomér mezi benzo(a)pyrenem a benzo(e)pyrenem [BeP/(BeP+BaP)] byl
nizs$i nez 0,5, coZ indikuje emise aerosolu z mistnich zdroj.

PM1 silné korelovaly se vSemi analyzovanymi organickymi sloueninami (pfevazné
s anhydridy monosacharidii a PAU), coz dokazuje spalovani organického materiadlu a
dopravu jako hlavni emisni zdroje v Kladné-Svermové. 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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Obr. 1: Priitbéhy hmotnostnich koncentraci PM1 (pg/m?3) a sum analyzovanych
organickych sloucenin (ng/m3) béhem méreni v Kladné-Svermove.



ZAVER

Nejvyssi koncentrace byly nalezeny pro anhydridy monosacharida a pryskyii¢né
kyseliny, které pochazeji ze spalovani biomasy (dreva). DalSimi identifikovanymi
emisnimi zdroji byla doprava (hopany, sterany, alkany a PAU) a spalovani uhli (hopany,
PAU). Vzhledem k tomu, Ze vSechny skupiny analyzovanych organickych sloucenin a
markerli silné Kkorelovaly s hmotnostnimi koncentracemi PM1, je velmi obtiZné
specifikovat pievaZzujici emisni zdroj v Kladné-Svermové.

PODEKOVANI

Tato prace byla podporovana Grantovou agenturou Ceské republiky P503/12/G147
a vyzkumnym zamérem Ustavu analytické chemie AV CR, v. v. i., RV0:68081715.

LITERATURA

Brunekreef, B., Holgate, S.T. Air pollution and health, Lancet, 360, 1233-1242, (2002).

Kitimal, K., Mikuska, P., Vojtések, M., VecCera, Z. Seasonal variations of monosaccharide
anhydrides in PM1 and PM2.5 aerosol in urban areas, Atmospheric Environment, 44,
5148-5155, (2010).

Kitimal, K., Mikuska, P., Vecera, Z. Vyuziti organickych markert pro identifikaci zdrojt
atmosférickych aerosoli, Chemické Listy, 106, 95-103, (2012).

Kitimal, K., Mikuska, P., Vecera, Z. Polycyclic aromatic hydrocarbons and hopanes in PM1
aerosols in urban areas, Atmospheric Environment, 67, 27-37, (2013).

Mikuska, P., Kitimal, K., Vecera, Z. Characterization of organic compounds in the PM2.5
aerosols in winter in an industrial urban area, Atmospheric Environment, 105, 97-
108, (2015).

32



KONCENTRACIE A CHEMICKE ZLOZENIE TUHYCH CASTIC PRODUKOVANYCH
Z POVRCHU ASFALTOVYCH ZMESI

Dasa FULLOVA, Daniela DURCANSKA, Dus$an JANDACKA

Zilinska univerzita v Ziline, Stavebna fakulta, Katedra cestného stavitel'stva, Slovensko,
dasa.fullova@fstav.uniza.sk

KI'icové slova: Obrusovanie vozoviek, Asfaltové zmesi, Tuhé castice PM, Koncentracie,
Chemické zlozenie

SUMMARY

The aim of this contribution is to confirm the abrasion of pavement surface as a
source of particulate matter and to verify the impact of the composition of asphalt
mixture on the PM production. The findings from chemical analyses are applied in the
research and used for verification of this impact. The research deals with abrasion of
bituminous wearing courses of pavements. The asphalt mixtures used in wearing
courses are compared in terms of released particulate matter in the laboratory
conditions.

UvoD

Asfaltové vozovky patria Kk najrozsirenejSim typom KkonsStrukcii vozoviek na
vSetkych druhoch cestnych komunikacii. Na Slovensku bolo podla tidajov Slovenskej
spravy ciest k1. 1. 2013 evidovanych 18 930 km cestnych komunikacii. Z hl'adiska
druhu krytu vozoviek 99,08% predstavovali asfaltové vozovky (Decky et al., 2014).
Vplyvom prejazdov vozidiel dochadza k mechanickému opotrebovaniu povrchu
asfaltovej vozovKky — obrusnej vrstvy pneumatikami vozidiel, ktoré zapricinuju postupné
rozdrobovanie a obrusovanie kameniva. Intenzita dopravy sa neustdle zvySuje a
neprijemne ovplyviiuje Zivotné prostredie a Zivotnost vozoviek.

Na zaklade ziskanych informdcif z viacerych zahrani¢nych a slovenskych vedeckych
¢lankov a vyskumov o tvorbe tuhych ¢astic z automobilovej dopravy (Duréanska, 2010,
Gehrig et al,, 2010, Gustafsson et al., 2009, Pirjola et al., 2009, Folkeson et al., 2009) sme
sa rozhodli zaoberat produkciou tuhych Castic z obrusu povrchu vozovky. Merania
tuhych Ccastic, ktoré patria v sucasnej dobe podla poslednych zisteni medzi
najzavaznejSie polutanty v Eurépe spolu s prizemnym ozénom 03 a oxidom dusicitym
NO2, st vykonavané v laboratérnych podmienkach. Meraniami v laboratériu sa odstranil
do istej miery prispevok inych zdrojov znecistenia (spalovacie emisie, emisie
z opotrebovania vozidiel, resuspenzie cestného prachu) a vplyv meteorologickych
faktorov.

METODIKA LABORATORNYCH MERANT{

Ulohou rie$eného vyskumu je potvrdit obrus povrchu asfaltovych zmesi a overit
vplyv zloZenia asfaltovej zmesi na produkciu tuhych castic. DéleZitou fazou vyskumu je
stanovenie zastupenia chemickych prvkov v nameranych tuhych casticiach a ich
konfrontacia so zastupenim tychto prvkov v chemickom zloZeni asfaltovej zmesi.

Merania su vykonavané v laboratériu Katedry cestného stavitel'stva. Vzorky
asfaltovych zmesi (platne vel'kosti 320 x 260 mm a hrubky 40 mm) pouZzivanych do
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obrusnych vrstiev vozoviek su vyjazd'ované vo vyjazd'ovacom zariadeni DYNA-TRACK
(obr. 1), ktoré sa pouziva na vyjazd'ovanie kolaji. Kazdd zo skuSanych vzoriek je
Specificka svojim zloZenim - druh asfaltu, mnozstvo asfaltu, druh kameniva, zloZenie
Clary zrnitosti kameniva. 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. Zmesi su vyjazd'ované v zariadeni 12 hodin pri
ustalenych pracovnych podmienkach. Poc¢as 12 hodin prebehne 20 000 cyklov (t.j. 40
000 pojazdov). -

RS SV ANIRR S e

Obr. 1: Vyjazd'ovacie zariadenie DYNA-TRACK a Vzbrky vyrjrarzdénycAh asfaltovych zesi

Pred samotnym vyjazd'ovanim skusobnych vzoriek asfaltovych zmesi sa vykonali
skasky chemického zloZenia materidlov - kamenivo, asfalt tychto zmesi rontgen-
fluorescen¢nou spektroskopiou (XRF - X-ray fluorescence spectroscopy). Chemicka
analyza exponovanych filtrov tuhymi casticami je realizovand hmotnostnou
spektrometriou s induk¢ne viazanou plazmou ICP-MS v laboratériu Centra dopravniho
vyzkumu v Brne.

VYSLEDKY DOTERAJSICH LABORATORNYCH MERANI
Prvotné merania obrusu vzoriek asfaltovych zmesi boli uskuto¢nené na 6 vzorkach
asfaltovych zmesi pouzivanych do obrusnych vrstiev vozoviek, ktoré su blizsie

charakterizované v tab. 1.

Tab. 1: Popis vzoriek vyjazdenych asfaltovych zmesi
Znacka

¢. Asfaltova zmes . Lom - kamenivo Asfalt
zmesi
1. AC11050/70,I1 D-5  TuneZice - kremicity vapenec CA50/70
2. AC11050/70,I1 R-9  Biely potok - dolomit CA50/70
Biely potok - dolomit

3. -

AC11050/70,I1 K-4 Badin - andezit CA50/70
4. AC11050/70,11 g_g  Solosnica-melafyr CA 50/70

Trstin - dolomit
MaluZzina - melafyr
Biely potok — dolomit
Solo$nica - melafyr
Trstin - dolomit

5. AC 110 PMB 45/80-75,1 R-8 PMB 45/80-75

6. SMA 11 PMB 45/80-75 S-4 PMB 45/80-75
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Vo vyjazd'ovacom rariadeni sa vyjazdili 2 platne z kaZdej zmesi a kazda platia sa
vyjazd'ovala 2 krat (24 vyjazd'ovani, 288 hod. merani). VSetkych 6 vzoriek malo pocas
vyjazd'ovania rovnaké podmienky v priestore vyjazd'ovania. Celkova diZka merania bola
12 hodin. Pocas kazdého merania prebehlo 180 vzorkovani pristojmi APS a SMPS.
Podstatné zastupenie tuhych castic, ktoré boli namerané pri vyjazd'ovani vzoriek
pristrojmi APS a SMPS, sa pohybuje pod aerodynamickym priemerom 0,5 pum. Z toho
dovodu su merané pocas vyjazdovania dve frakcie tuhych castic PM1 a PMgs.
Gravimetrickou metédou bola stanovena hmotnostna koncentracia tuhych castic PM; a
PM3s pre kazdé meranie.

Vysledky hmotnostnych koncentracii PM pocas vyjazd'ovania vzoriek si uvedené na
nasledujucom obrazku (obr. 2). NajvysSie priemerné hmotnostné koncentracie (13,51
ng/m3) boli namerané pri zmesi AC 11 s cestnym asfaltom CA 50/70 s oznaCenim S - 9
50/70 soznaCenim D - 5. Zmesi sa liSia pouzitym druhom kameniva. Pri zmesi s
najvyssimi koncentraciami bolo pouzité kamenivo melafyr a dolomit apri zmesi
s najnizSimi koncentraciami bolo pouzité kamenivo kremicity vapenec.

EPM1
SMA 11 - melafyr, dolomit - PMB 45/80-75 (S — 4) t’ mPM1-2,5

AC 11 - melafyr, dolomit - PMB 45/80-75 (R — 8) _:'
AC 11 - melafyr, dolomit - CA 50/70 (S - 9) _:'
AC 11 - dolomit, andezit, CA 50/70 (K — 4) _:l
AC 11 - dolomit - CA 50/70 (R-9) _:'
AC 11 - kremiéity vépenec - CA 50/70 (D — 5) _:l
—

prostredie laboratéria

Hmotnostné koncentracie [ug/m?]

Obr. 2: Priemerné hmotnostné koncentracie PM namerané pomocou Leckel LVS3

Pred samotnymi meraniami obrusu vzoriek zmesi vo vyjazd'ovacom zariadeni sa
vykonali aj merania prostredia laboratéria pomocou Lecklov, aby bolo moZné potvrdit
rozdiel medzi laboratéornym prostredim a prostredim vo wvnutri vyjazdovacieho
zariadenia. Stanovili sa hmotnostné koncentracie frakcii PM1 a PM25. Pre laboratérne
prostredie boli namerané koncentracie vo vySke 3,98 ug/ms3 pre PMzs a 3,04 pg/m3 pre
pg/ms3 pre PMzsa 1,42 pg/ms3 pre PM1.

Skuskami chemického zloZenia materidlov zmesi sa zistilo, Ze asfalt obsahuje
priblizne 4,8 % anorganickych prvkov a zvySok predstavuju organické prvky. Najvacsie
zastupenie ma sira S (4,19 %). Vyssi podiel mali prvky kremik Si (0,21 %) a chlér Cl
(0,17 %). Chemické analyzy sa vykonali aj pre vSetky druhy pouZitého kameniva vo
vzorkach. Z vysledkov vyplynulo, Ze v kamenive majd najvacSie percentualne zastipenie
prvky kremik Si a vapnik Ca. Prvky s niZ§im zastipenim v kamenive si Mg, Al, Fe. Na
zaklade analyz kameniva a asfaltu bolo vybranych 13 prvkov (Ca, Si, Mg, Al, Fe, P, S, Cl, K,
V, Cr, Mn, Na) na potvrdenie obrusu povrchov vzoriek. Nasledne sa hmotnostnou
spektrometriou s indukcne viazanou plazmou analyzovali exponované filtre (51 filtrov)
na pritomnost vybranych 13 prvkov.
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Nasledujuci obrazok (obr. 3) prezentuje vysledky analyz vybranych prvkov. Pre
kazda zmes (2 platne, 4 vyjazd'ovania) sa analyzovali 4 filtre pre frakciu PM1 a 4 filtre
re frakciu PMzs.

‘ 1Ca ®WSi wMg ®Al wFe wP ®ES wCl WK ®Y =Cr ®Mn ®&ENa ‘
SMA 11 - melafyr, dolomit - PMB 45/80-75 (S—4) i
AC 11 - melafyr. dolomit - PMB 4580-75 (R-8) . M D
AC 11 - melafyr, dolomit - CA 5070 (S—9) - I D
AC 11 - dolomit, andezit, CA 50/70 (K — 4) [P
AC 11 - dolomit - CA 50/70 (R-9) T D
AC 11 - kremicity vapenec - CA 50/70 (D — 5) E-

0 100 200 300 400 500 800 700 800 900
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Obr. 3: Priemerné hmotnostné koncentracie analyzovanych prvkov v PMzs

Obrazok prezentuje priemerné hmotnostné koncentracie vybranych 13 prvkov v
zachytenych tuhych cCasticiach PM2s pre kaZzdu testovand vzorku asfaltovej zmesi.
Najvacsie zastupenie predstavuju prvky Ca, SaCl. Vo vzorke D - 5 su analyzované
najvysSie koncentracie vybranych 13 prvkov, spolu predstavuja 833,34 mg/g tuhych
Castic frakcie PM2s. Vo vzorke D - 5 ma najvacsie zastipenie vapnik Ca s koncentraciou
546,22 mg/g PMs a sira S s najvy$Sou koncentraciou 126,15 mg/g PMzs. Chlér Cl ma
s koncentraciou 81,47 mg/g PM2s najvacSie zastipenie vo vzorke oznacenej S - 4.
NajnizSie koncentracie boli zaznamenané pre prvok V (v rozmedzi od 10 do 140 pg/g
PM;s) a pre prvky Cr, Mn a P.

Z grafov je zrejmé, Ze vSetky vybrané prvky sa vyskytuju v zachytenych tuhych
Casticiach. Chemickymi analyzami sa preukazalo, Ze uvol'nené Castice z obrusu povrchu
vzoriek zmesi pocas vyjazd'ovania maju podobné zloZenie ako je zloZenie zakladnych
materialov tychto zmesi (kameniva, asfaltového spojiva).

NajvysSie koncentracie vybranych prvkov boli analyzované vo vzorke D - 5. Aj
napriek skutoCnosti, Ze vzorka s oznacenim D - 5 ma najnizSie namerané hmotnostné
koncentracie castic. NajvysSie hmotnostné koncentricie vapnika boli namerané vo
vzorke, v ktorom je pouzité kamenivo kremicity vapenec. Kamenivo bohaté na vapence
je nachylné na vyhladitelnost povrchu, kamenivo bohaté na Zivce ma priemernu
vyhladitelnost a kamenivo bohaté na kremen je pomerne odolné voci vyhladeniu
(Abaffyova, 2011).

Obrazok (obr. 4) prezentuje percentualne zastipenie vybranych analyzovanych
prvkov v zachytenych tuhych casticiach frakcie PMgys, ktoré charakterizuja zakladné
materidly asfaltovych zmesi. Analyzované prvky majd najvacsie zastipenie v zmesi AC
11 s oznacenim D - 5. Predstavuju 83,33 % celkovej hmoty castic.
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Obr. 4: Zastupenie vybranych 13 prvkov v zachytenych tuhych Casticiach PMz 5
ZAVERY A DISKUSIA K RIESENE] PROBLEMATIKE

Vramci vyskumu prebehli pociato¢né laboratérne merania 6 vzoriek asfaltovych
zmesi pre obrusné vrstvy vozoviek. Boli namerané pocetné a hmotnostné koncentracie
tuhych castic uvol'nenych pocas vyjazd'ovania vzoriek. Zo zatial testovanych asfaltovych
zmesi sa vykonalo celkovo 24 testov pre 6 vzoriek zmesi. Vzorky sa odliSovali pouZitym
druhom kameniva a asfaltu. Najvyssie priemerné hmotnostné koncentracie PMzs boli
namerané pri zmesi s oznacenim S - 9 (AC 11 s klasickym spojivom) a najnizsie
koncentracie boli zaznamenané pri zmesi s oznacenim D - 5 (AC 11 s Kklasickym
spojivom). Pri zmesi s najvy$Simi koncentraciami bolo pouZité kamenivo melafyr a
dolomit a pri zmesi s najnizs§imi koncentraciami bolo pouzité kamenivo kremicity
vapenec.

Boli uskuto¢nené chemické analyzy zakladnych materidlov zmesi rontgen-
fluorescencnou spektroskopiou XRF a tuhych castic zachytenych na nitrocelul6zovych
filtroch hmotnostnou spektrometriou s indukéne viazanou plazmou ICP-MS. Na zaklade
analyz kameniva a asfaltu bolo vybranych 13 prvkov Ca, Si, Mg, Al, Fe, P, S, C], K, V, Cr,
Mn, Na na potvrdenie obrusu povrchov vzoriek.

Z analyz exponovanych filtrov sa zistili hmotnostné koncentracie skimanych prvkov
pre kazdu testovanu zmes. NajvacSie zastupenie predstavuju prvky Ca, S a Cl. Z
vysledkov je zrejmé, Ze vSetky vybrané prvky sa vyskytujd v zachytenych tuhych
Casticiach. Chemickymi analyzami sa preukazalo, Ze uvol'nené castice z obrusu povrchu
vzoriek zmesi pocas vyjazd'ovania maji podobné zloZenie ako je zloZenie zdkladnych
materialov tychto zmesi (kameniva, asfaltového spojiva).

Cielom experimentalnych merani je overit vplyv zloZenia asfaltovej zmesi na
produkciu tuhych castic pri vyjazd'ovani vzorky. Poznatky z chemickych analyz je mozné
d'alej aplikovat' v d'alSej faze vyskumu pri skimani a overeni tohto vplyvu.

V meraniach sa nad'alej pokracuje, su o¢akavané d’alSie vyhodnotenia koncentracii
Castic a obsahov jednotlivych skimanych prvkov v PM, aby bolo moZné porovnat zmesi
medzi sebou z pohladu produkcie PM. V dalSej faze experimentalnych merani sa
vykonali aj merania prostredia laboratoéria pocas kazdého vyjazd'ovania a merania na
slepej vzorke za icelom zistenia potencionalneho rozdielu medzi prostredim laboratéria
a prostredim vo vnutri vyjazd'ovacieho zariadenia.
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INTRODUCTION

In last decades, people spend more and more time indoors. When various indoor
sources (e.g. cooking, cleaning, smoking and even presence of people in the case of
common household) are present, the indoor air quality is driven mainly by these sources
(He et al,, 2004). Without the presence of significant indoor sources, the situation is very
different and the concentration of aerosol particles in indoor environment follows
behavior of outdoor particles (taking into account losses of aerosol particles due to
deposition on indoor surfaces and during penetration indoors; Hussein et al.,, 2005).
Many epidemiological studies show direct link between dose/exposition to fine (< 1pum)
and ultrafine (< 100 nm) particles and adverse health effects. With regards to the fact
that indoor environment is besides the adults occupied usually also by kids in longer
time periods (nursery, kindergarten, school), it is very important to study the indoor
environment in a great detail and to understand the behavior of aerosol particles
indoors. In the case of the kids being exposed to the indoor aerosol particles, the adverse
health effect can be more pronounced and the consequences more dangerous (Schwartz,
2004; Sousa et al,, 2012; Mainka and Zajusz-Zubek, 2015). Nevertheles, at the same time
it is necessary to monitor the outdoor environment as well by observing its changing
daily pattern and trying to identify the possible sources of outdoor air pollution.

EXPERIMENTAL SETUP

Following previously mentioned facts and the request of local kindergarten, we
performed a two week lasting [/O measurement campaign in a kindergarten in a small
town 25 km north-east of Prague. This town has a moderate industry including iron
casting and plastic tubing production. The kindergarten is located in a residential area
in a large 3-storey family house. There are two classrooms each with kitchen in the
ground floor, 2 bedrooms in first floor and a private apartment in the second floor. The
large garden behind the house serves as a playground for the kids, when the weather
conditions allow to stay outside.

The instruments used in this campaign included online aerosol spectrometers for
highly time resolved information about particle number size distribution as well as
offline low volume samplers for information about PM19 and PMzs daily concentrations
and following chemical analysis of the collected samples. The online instrumentation
consisted of SMPS spectrometer, covering the size range of 15-700 nm (64 size
channels/decade), and two OPS spectrometers, measuring in size range of 300 nm - 10
um (16 size channels). The low volume samplers were equipped with quartz fiber filters
(PM1o and PMz5) and Teflon filters (PMz25). The SMPS was equipped with a switching
valve system allowing for alternate indoor/outdoor sampling. The other instruments
were separated into two sets to cover indoor and outdoor environment simultaneously
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(see Fig. 1). Indoor instruments were located in a cabinet next to a cloakroom of one of
the classrooms. Due to excessive noise it was not possible to place the instruments
inside the classroom. Also the OPS measuring outdoors was located inside this cabinet
and equipped with a sampling tubing leading outdoors. The outdoor instruments (low
volume samplers) were placed in the garden.

switching
valve
P P P
0 o o 8 8 8
LVS LVS LVS N g
PM,o | [ PM1 | PM,, o) o LVS LVS LVS
Q Q T - <§( I:l. PM,q PM; 5 PM; 5
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CPC 3775
[ ]
OUTDOOR L] L1l INDOOR
OPS 3330 OPS 3330

Fig. 1: Measurement setup.

The chemical analysis included ion chromatography (IC), OC/EC analysis and PIXE
elemental analysis. The analysis of water soluble ions was performed on quartz fiber
filters using IC Dionex ICS-5000 (Thermo Scientific, USA). The analysis of OC/EC was
conducted on samples from quartz fiber filters using field OC/EC analyzer (Sunset Lab.
Inc., USA). The PIXE analysis will be performed on Teflon filters to obtain detailed
information about elemental composition of PM1g and PMz 5 samples.

RESULTS AND CONCLUSIONS

The online data were analysed mainly from SMPS spectrometer. The data were
divided into four groups including indoor and outdoor data and working and non-
working hours. Working hours include measurements between 7 a.m. and 5 p.m. which
corresponfs to operational hours of the kindergarten. Correspondingly, the non-working
hours involve the periods from 5 p.m. to 7 a.m. during working days and the weekends.
Figure 2 shows the average size distributions for the respective periods mentioned in
the previous text. There is obvious difference between working and non-working
periods for both indoor and outdoor environments - the concentrations are lower and
the size distribution is close to unimodal shape during non-working hours. Overall, the
lowest concentration and the lowest interquartile span was observed for non-working
period and indoor environment, which corresponds to no indoor sources present and
very stable conditions indoors. The only source of particles indoors in this case is the
penetration from outdoor air. On the other hand, the highest concentration (especially
for smallest particles) and the largest interquartile span can be seen for working hours
and outdoor environment. Based on the multimodal shape of the particle size
distribution the particles are most probably resulting mainly from traffic, domestic
heating and close industrial sources.
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Fig. 2: Average particle size distributions measured by SMPS for working and non-
working hours indoors and outdoors, shaded areas depict the interquartile span.

The average mass closure calculated from available data on chemical composition
shows similar behavior for both PM1io and PMz5 samples. Therefore, only PM2s mass
closure is discussed in this abstract (see Fig. 3). The results are split again into four
groups - indoor/outdoor and working days and weekends. In this case, only the whole
days were taken into account, because the low volume samplers were operating for 24
hours or 48 hours in the case of the weekends. The mass closure revealed that the
highest percentage can be attributed to organic matter, which is connected with traffic
and industrial sources mainly. In the case of PM2s, the outdoor contribution of organic
matter is higher than indoors for both working days and weekends, which points to
most of the part of organic matter being in the fine size range with higher particle losess
when penetrating from outdoor to indoor environment. Another easily visible feature is
the dissociation of nitrates with much higher percentage outdoors compared to indoor
values in both working days and weekends. This can be attributed to dissociation of
nitrates when penetrating from colder outdoor environment into much warmer indoor
environment. Increased concentrations of Ca2* indoors are most probably caused by the
presence of kids/people in the kindergarten inducing resuspension of coarse particles.
The most surprising fact was very high contribution of Cl- in indoor environment. Such a
high concentration is not very usual for indoor environment, but in this case can be
ascribed to cleaning using some chloride cleaning agents nad partially also to a road salt.

Nevertheles, for complete mass closure it would be useful to have also the results
from elemental analysis which is not yet available.
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Fig. 3: PM2s average mass closure for working and non-working hours indoors and
outdoors obtained from low volume samplers and following chemical analysis.
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INTRODUCTION

Ammonia in libraries and archives can damage stored materials such as pigments
and metals (Grzywacz, 2006) and mediate microbial decomposition (Petushkova and
Lyalikova, 1986). The aim of this study was to investigate concentrations and sources of
ammonia in the indoor air of five different types of archives, and to establish the
relationship between the indoor and outdoor environments.

EXPERIMENTAL SETUP

The measurements were carried out in five depositories located in four buildings in
the Czech Republic, each representing a different outdoor environment: (1) the State
Regional Archives in Trebon (small town), (2) the Depository of the Research Library of
South Bohemia in Zlata Koruna (rural), (3) the Library in the Regional Museum in
Teplice (industrial area), and (4) two depositories (Land Rolls - LR and New Vault - NV)
in the National Archives in Prague (large city). The archives in Ttebor, Zlata Koruna and
Teplice are naturally ventilated, whereas the depositories in the Prague are equipped by
ventilation and filtration systems. The sampling sites have already been described in
details in previous publications (Maskova et al., 2015, Vichi et al., 2016).

Ammonia was collected by Analyst diffusive samplers (Marbaglass, Italy) during a
12-month period at every location. Sampling was performed on a monthly basis both
indoors and outdoors. The analyses were done by an ion chromatography (Watrex Ltd.,
Czech Republic) with a SHODEX CD-5 conductivity detector. In parallel, measurements
of particulate matter (PM) were performed on a daily basis during four intensive
campaigns in different seasons of the year at every location. Particles from the indoor
and outdoor air were collected by two Berner type Low Pressure Impactors
(25/0.018/2, Hauke, Austria) and further the main ions were analysed by an ion
chromatography (Dionex ICS-5000, Thermo Scientific, USA).

RESULTS AND CONCLUSIONS

Indoor concentrations of ammonia, in all archives, were usually higher than in the
outdoor environment (Fig. 1). Similar results have been observed in many studies, and
as a possible source decomposition of infiltrated ammonium nitrate the generation of
gaseous ammonia and nitric acid was usually considered (Lunden et al., 2003, Andélova
etal., 2010, Lopez-Aparicio et al.,, 2011, Skytte et al., 2012, Talbot et al., 2016).
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Fig. 1: Time behavior of ammonia concentrations in the indoor and outdoor
environments

Concentrations of indoor ammonia from decomposition of ammonium nitrate were
estimated. The results revealed that the penetration of ammonium nitrate and ammonia
from outdoors can explain only approximately 20-80% of indoor ammonia levels in the
naturally ventilated archives (Fig. 2). Moreover, in the depositories in Prague the
ammonium nitrate contribution was negligible because the indoor PM concentrations
were significantly reduced by the filtration system.
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Fig. 2: Annual average indoor and outdoor concentrations of NH3 and estimated NH3
concentrations produced by decomposition of ammonium nitrate penetrated from
outdoors (*standard deviation)

This indicates another source of ammonia in all of the archives. Typical indoor
sources, such as cleaning products (§i§ovié et al., 1987), metabolic activities of visitors
(Dahlin et al, 1997), smoking (Morton and Laffoon, 2008), were absent. Therefore,
emissions from the degradation of organic compounds, such as animal urine, a
traditional mortar additive (Snow and Torney, 2014), or urea-based compounds used as
concrete additives (Demirboga et al., 2014), were considered. To test this two passive
NH3z samplers were exposed in each depository. The first was exposed to the open
indoor air while the second was exposed in parallel under a sealed glass cover. The
results confirmed that the building material is the source of ammonia in all of the
archives. Emissions from the building material also explained very high values of
ammonia in the NV depository in Prague. The air quality in this depository was
subsequently improved by employing filters for removing ammonia through the
ventilation system. After three months the indoor ammonia concentrations decreased
from the initial values approximately 100 pg m-3 to less than 1 pg m-3.
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INTRODUCTION

Residential wood combustion for heat production is becoming more common in
suburban areas of developed countries. As the emissions from wood combustion depend
considerably on the combustion device, fuel quality, and operating conditions (Bolling et
al., 2009), a limited number of monitors cannot characterize the fluxes resulting from
urban emissions, atmospheric transformations, and transport (Holstius et al., 2014), and
cannot describe personal exposures, a critical link between ambient air pollution and
human health effects (Snyder et al., 2013). Networks of low-cost monitors could provide
intensive environmental surveillance producing representative and reliable information
for an area of interest (Kumar et al., 2015).

EXPERIMENTAL SETUP

This work describes the results from an extended measurement in Rochester, NY (ca
210,000 inhabitants) and Monroe Conty between November 2015 and April 2016 using
52 low cost PM monitors, Speck (Airviz Inc., Carnegie Mellon University, Pittsburgh, PA,
USA), located at 26 sampling sites with wood burning appliances or in areas with
reported wood smoke. The study participants, mostly employees of the University of
Rochester, also completed a survey on house type and age, heating fuel and frequency,
and other activities influencing indoor air quality data.

At each location, one indoor and one outdoor monitor in weatherproof housing
were installed, and concurrently measured 1-minute particle number concentrations
and estimated particle mass concentrations of indoor and outdoor PM between 0.5 and
3 pm (Manikonda et al., 2016). Additionally, a CO monitor was placed inside each
household to help distinguish between combustion and non-combustion sources of
indoor PM.

Two additional outdoor Speck instruments were placed at the Rochester New York
Department of Environmental Conservation (DEC) site with continuous PM
measurement (Thermo Scientific TEOM, model 1405-DF [FEM]).
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RESULTS AND CONCLUSIONS

Mean indoor (9.6 pg/m?3) and outdoor (5.7 ug/m3) PM concentrations are below the
24-hour and annual U.S. National Ambient Air Quality Standards (NAAQS) for PMzs. The
concentrations, however, show large spatial variability (Fig. 1). Weekly and hourly
cycles are in accordance with expectations, with outdoor peaks during rush hours and
working days, and indoor peaks in the evenings and during weekends. The indoor air
quality is further dependent on heatiratype and candles burning.
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Fig. 1: Mean indoor (left) and outdoor (right) PM concentrations measured at the 26
locations in Monroe County between 11/2015 and 4/2016.

Speck monitors capture the peaks at the DEC site, and correlate with the FEM
measurements (r ~ 0.24). The results are similar to those of an earlier comparison of the
Speck monitors using the Grimm 1.109 as a reference (Zikova et al., 2016).
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V PRACOVNIM OVZDUSI

Sarka BERNATIKOVA, Radka PRICHYSTALOVA, Lucie SIKOROVA, Lucie MASLAKOVA
Vysoka Skola banska - Technicka univerzita Ostrava, sarka.bernatikova@vsb.cz
Klicova slova: Ultrajemna frakce aerosolu, Nanorozmérné castice, Vzorkovani
SUMMARY

Summary presents measurements of occupational exposure to airborne aerosols
with possible occurrence of ultrafine particles emitted during the handling of products
containing small polymeric microspheres. Standard air monitoring method for
determining the mass of dust exposure has been complemented by measuring and
analysing the number concentration and particle size distribution of ultrafine aerosol
fraction. The results provide a broader picture of occupational exposure to nano-objects
and could be used for following risk assessment.

UvoD

Z epidemiologickych studii je znam negativni zdravotni ucinek jemnych prachovych
castic v ovzdusi (Dockery et al., 1993, Brook et al., 2010, Riickerl et al., 2011). VétSina
téchto studii vSak pouziva jako ukazatel expozice hmotnostni koncentraci a to z dtivodu,
ze je dobre méritelnd. Nicméné je to ukazatel dost obecny, protoZe prachové Castice
vznikaji z mnoha riznych zdroji a maji odliSné morfologické, chemické i fyzikalni
parametry. Bylo zjiSténo, Ze se zmensujici se velikosti aerosolovych Castic jejich toxicita
roste (Pope et Dockery, 2006).

Cilem méteni bylo zjistit droven profesionalni expozice na vybraném pracovisti jako
podklad pro odhad a fizeni rizik plynoucich z této expozice, tzv. Control banding.

METODY MERENI

Méreni bylo provedeno na vybraném pracovnim misté, vzorky ovzdusi byly
odebirany z hlediska prostorového uspoiadani standardnim zplisobem v blizkosti
dychaci zény pracovnika. Byla monitorovana hmotnostni koncentrace celkova, PM10,
respirabilni frakce, PM2,5 a PM1 aerosolu pomoci pristroje DustTrak DRX 8533, pocetni
koncentrace castic o velikosti 10 - 1000 nm pristrojem CPC 3007 a monitoring pocetni
koncentrace castic a velikostni distribuce castic v rozmezi 10 - 350 nm pristrojem
NanoScan SMPS 3910.

Pred zahajenim pracovni operace byla zmérena po dobu 15 min pozadova
charakteristika pracovniho ovzdusi - tzv. pozadi (vzorek 1). Nasledné bylo provedeno
méreni koncentrace aerosolu v pracovnim ovzdusi v priibéhu pracovni operace - vzorek
2. Na zavér bylo pro srovnani proméreno jeSté venkovni ovzdusi - vzorek 3.

VYSLEDKY A DISKUSE

Priibéh méteni potvrdil pomérné nizké hmotnostni koncentrace castic poletavého
aerosolu zastoupenych ve vSech sledovanych frakcich, hodnoty koncentraci celkové a
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respirabilni frakce jsou nizké ve srovnani s limitnimi hodnotami expozice pro pracovni
ovzdusi. V grafu 1 je prehled namérenych koncentraci vSech velikostnich frakci pro
jednotlivé odbéry - vzorky 1 - 3. Vysledky jsou doplnény o primeérné hodnoty pocetnich
koncentraci ¢astic na jednotlivych mérenych mistech a jsou uvedeny v grafu 2.

DusztTrak DRX 8533 CPC 2007
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Obr. 1: Hmotnostni koncentrace Obr. 2: Pocetni koncentrace

Jak vyplyva z vysledkii méreni poctu a distribuce ¢astic namétenych pomoci SMPS
3910 (Obr. 3), majoritni zastoupeni (vyjadiené medianem poctu) castic na vybraném
pracovnim misté se nachazi v 5. velikostnim kanalu s prlimérem ¢astic 36,5 nm. V grafu
3 je viditelnd zména primérného poctu ¢astic pozadovych koncentraci oproti pracovni
operaci a jejich zvySenym poctem zejména od velikostniho kanadlu 8, tj. velikosti 86,6 nm.

NanoScan SMPS 3910
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Obr. 3: Pocetni koncentrace ¢astic podle jejich distribuc¢ni velikosti

ZAVER

Monitoringem koncentrace frakce aerosolu v realném case byl zjistén rozdil mezi
pozad'ovymi koncentracemi a koncentracemi béhem pracovni operace a to jak u
hmotnostnich tak pocetnich koncentraci.
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SUMMARY

This work compares PMi, PMzs5, PMio and (PM1o-PM1) as coarse aerosol mass,
between the driver’s cabine and the outdoor walkway of the bucket wheel excavator in
the brown coal strip mine Doly Nastup TuSimice between March 16-23, 2015. Twin
portable laser nephelometers were used to measure individual aerosol size fractions. On
average, outdoor PM19 was mostly composed of coarse particles 82 %. PM1o fraction
predominated outside and changed throughout the day depending on the activity
carried out by a worker. Regular cleaning by sweeping stretches of dunes had an impact
on PM1o concentrations. Maximum concentration of PM1o during regular clearing was
62,2 mg-m-3 and minimum concentration of PM1o was 12,5 mg-m-3. Fluctuations in the
concentration of PM1 were detected in the driver cab due to smokers stay at this
workplace. The concentration of PM1 with smokers in the driver cab average grew about
0,6 mg-m-3. For these reasons there is a concentration difference between work shifts.

UvoD

Povrchové lomy jsou zejména zdrojem hrubych aerosolovych (Castic
o aerodynamickém priméru vétsim nezli 1 um. Ten vznika predevsim v disledku
rozruSeni téZenych hornin kolesovymi rypadly a soucasné Cinnosti dalSich téZebnich
technologii (pasova doprava, dprava téZenych nerostnych surovin). Pracovnici, kteri
téZebni stroje obsluhuji, jsou vystaveni znecisténi ovzdusi, coZ ma vliv na jejich zdravi.

Hlavnim cilem této prace je zmérit a diskutovat rozdil frakci PMi, PMzs5, PM1o
a hrubého aerosolu mezi kabinou ridice a venkovnim ochozem kolesového rypadla
K 800 N/2 v hnédouhelném povrchovém lomu Libous v dolu Nastup TuSimice - DNT.
Navazujicim cilem je zjistit pri¢iny namétrenych hodnot PMy v kabiné ridice a vysledovat,
jak se chovaji koncentrace prachu v pribéhu jednotlivych pracovnich smén, pripadné
jaky vliv na koncentrace maji konkrétni pracovni €innosti.

METODY MEREN{

Méreni probéhlo ve dnech od 16. 3. do 23. 3. 2015, na kolesovém rypadle
v hnédouhelném lomu v DNT. Kolesové rypadlo K 800 N/2, nachazejici se v uhelném
fezu na lomu Libou$ Sever I, bylo zvoleno na zakladé vysoké téZebni Cinnosti a tedy
i predpokladu vyssi expozice pracovniki koncentracim prachu. Vybér stanovist
reprezentoval vnitfni prostredi (kabinu ridice) a prostredi venkovni (¢ast ochozu
kolesového rypadla).
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Pro méreni prachovych castic byly pouzity prenosné laserové nefelometry DustTrak
DRX, (model 8533, TSI), které detekuji Castice o velikostech od 0,1 do 10 um. Oba
DustTraky byly uloZeny do vodotésnych kuffikti (Environmental Enclosure, model 8535,
TSI) se vzorkovaci hlavici ve vySce dychaci zony stojicich pracovnikii 150 az 170 cm nad
zemi ve venkovnim prostiedi, zatimco v kabiné fridice by dychaci zénu sediciho
pracovnika reprezentovala vyska 80 cm. Tu ovSem z divodu nedostatecného prostoru
nebylo mozné dodrzet, a proto byl DustTrak ¢. 2 instalovan ve vysce pouze 50 cm.
DustTrak ¢. 1 byl umistén na spodnim ochozu v turovni venkovniho presypu ve
vzdalenosti cca 2 m od pasového dopravniku v tésné blizkosti odpocinkového prostoru.
Koncentrace aerosolu byly zaznamenavany s integra¢ni dobou 1 min.

Pribéhy teploty a vlhkosti zaznamendavaly digitadlni zaznamové teploméry-
vlhkoméry (D3121, AirFlow) v minutovych intervalech.

Data byla zpracovana v programu CoPlot a CoStat.

VYSLEDKY A DISKUSE

Hruby aerosol prevazuje v prostredi venkovnim z 82 %, ale na vysledné koncentrace
maji vliv jednak mikroklimatické podminky a predevSim konkrétni ¢innosti provadéné
na venkovnich ochozech rypadla. NejvysSich koncentraci PMip se dosahuje béhem
pravidelného uklidu rypadla (ru¢ni zametani v blizkosti piesypti). Béhem tohoto uklidu,
ktery se provadi vétSinou mezi 16. - 17. hodinou, dochazi ke zvysSeni koncentraci PM1g
ve venkovnim prostiedi v priméru az o 30,0 mg-m3. Minimalni koncentrace PMio
béhem této c¢innosti dosahuji hodnot 12,5 mg-m-3 a maximdalni koncentrace az 62,2
mg-m-3 (obr. 1). Po dokonceni uklidu ¢astice rychle sedimentuji. Ve venkovnim prostredi
se proto zjiSténa maxima a minima li${ mezi rannimi a no¢nimi sménami, nebot v noci se
uklid neprovadi (tab. 1). V kabiné tidice (vnitinim prostiedi) tyto faktory nemaji na
mnozstvi ¢astic PM1o takovy vliv.
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Obr. 1: Priibéh koncentrace PM1o ve venkovnim i vnitinim prostiedi v ttery 17. 3. 2015.
Zelené Sipky znazornuji stridani smén, ¢ernd Sipka pravidelny uklid zametanim.
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Obr. 2: Pomér hrubé frakce mezi vnitinim a venkovnim prostiedim od 16. 3. do 23. 3.
2015. Situace, kdy hruby aerosol prevazoval v kabiné ridice, nastava pri otevieni dveri
do kabiny.

Tab. 1: Porovnani statistickych hodnot venkovni koncentrace PM1o (mg-m-3) mezi denni
a no¢ni pracovni sménou.

Sména Stredni Maximum | Minimum 95% 75% 50% 25% 5%
hodnota u u kvantil | kvantil | kvantil | kvantil | kvantil

Denni 0,41 62,20 0,02 1,04 0,29 0,18 0,12 0,05

Noc¢ni 0,21 2,92 0,03 0,54 0,27 0,15 0,09 0,06

DalSim faktorem, ktery ovliviiuje koncentrace PM1o ve vnéjsSim ovzdusi je stiidani
smén (obr. 1). Pokles koncentraci lze pozorovat vzdy pred 6:00 a 18:00 hodinou, kdy
konci jedna sména a je stfidana jinou. Pri stfidani smén kolesové rypadlo vZdy zastavi
téZbu, ¢imz dojde k poklesu castic PMio. Nasledné zahajeni tézby se pak projevi
zvySenim koncentraci PMip primérné o 0,64 mgm=3 na venkovnim ochoze
a v kabiné ridice je priimérny nartist o 1,15 mg-m-3.

Z pribéhi koncentraci PM1 jsou ndpadné znacné vykyvy v kabiné fidice. Tyto
fluktuace, kdy koncentrace PM1 prudce vystoupaji obvykle na 1,50 aZ 2,80 mg-m-3, jsou
charakteristické stejnym pribéhem (rychlym nartistem a pomalym poklesem), coz
znaci, Ze jde o jednu opakovanou Cinnost. Kolisani je znazornéno v obrazku 3. JelikoZ se
jedna o tak malé castice, jejichZ vznik nesouvisi s tézbou, Ize piredpokladat jejich pivod
z cigaretového koure.

Ridi¢i na vSech téZebnich strojich pracuji vidy ve 12 hodinovych pracovnich
sménach, pricemz samotné rizeni rypadla je vidy po dobu 4 hodin, pak nasleduje 4
hodinova bezpecnostni prestavka, kdy je ridi¢ stfidan jinym pracovnikem. Z priibéhu
zdznamu lze vypozorovat, zdali pracovnik, ktery tidi rypadlo, je kuirdkem ¢i nikoli.
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V ptipadé pritomnosti kuidka je primérna koncentrace PM; v kabiné 0,71 mg-m-3,
zatimco v pritomnosti nekuidka je primérna koncentrace PM1 0,13 mg-m-3.
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Obr. 3: Detailni pribéh PM; z kabiny fidice ze dne 19. 3. od 06:00 do 18:00
ZAVER

Experimentadlnim stanovenim bylo prokazano, Ze frakce PMio prevaZovala
ve venkovnim prostiedi a ménila se v priibéhu dne, v zavislosti na vykonavané ¢innosti
pracovnika. Vyznamny vliv na koncentraci PMip mél pravidelny uklid zametadnim
v Usecich presypt. Jednalo se o opakovanou ¢innost, avSak provddénou pouze v dennich
sménach. V kabiné tidice byly zjistény vykyvy koncentraci PM; vlivem pobytu kuiakd,
coz se projevilo nariistem PMi: primérné o 0,6 mg-m3. Z téchto pri¢in dochazi
k rozdiliim koncentraci mezi jednotlivymi pracovnimi sménami.

Pro sniZeni rozdilG v expozici PMio mezi dennimi a no¢nimi sménami se nabizi
provadét uklid v okoli presypii jinymi prostiedky, nez je ru¢ni zametani, a sice uhelny
spad odstraniovat vysavatem nebo proudem vody. Zaroven je nutné, aby pracovnici
provadéjici tuto ¢innost pouzivali ochranné prostiredky (respiratory).

PODEKOVAN{
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INTRODUCTION

Laser ablation (LA), together with inductively coupled plasma mass spectrometry
(ICP-MS) as a detection system, has become a routine method for the direct analysis of
various solid samples. The product of laser ablation contains a mixture of vapour,
droplets and solid particles (Figure 1). All components are finally transported to a
plasma by a carrier gas as a dry aerosol including mainly agglomerates of primary
nanoparticles. In general, characterisation of aerosols by their particle size distribution
(PSD) represents indispensable tool for fundamental studies of the interaction of laser
radiation with various materials.

The particle size distribution of dry aerosol originating from laser ablation of
standard material was monitored by two aerosol spectrometers - Fast Mobility Particle
Sizer (EEPS) and Scanning Mobility Particle Sizer (SMPS) simultaneously with laser
ablation - ICP-MS analysis.

Laser beam

Atoms, ions,

Evaporation

clusters, particles Atomization
Excitation
Q ) lonization

sample
| Heating and melting I\
l Cracking (shock wave) |

Fig. 1: Laser beam-sample interaction.
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EXPERIMENTAL SETUP

The particles produced by laser ablation of standard materials were analysed by
ICP-MS and various aerosol spectrometers giving information about the physical
properties of generated particulates. The arrangement of the experiment shows
Figure 2. This work is focused on the comparison of EEPS (model 3090, TSI) and SMPS
(EC 3080, DMA 3081 and CPC 3775, all TSI) results.
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Fig. 2: Schematics of measurement set-up
(green - LA-ICP-MS system, blue - aerosol spectrometers used for this study).

The instrumentation of the LA-ICP-MS system consisted of an excimer laser ablation
system Analyte G2 (Photo Machines Inc., Redmond, WA, USA) and ICP-MS with a
quadrupole analyzer Agilent 7500ce and a collision-reaction cell (Agilent, Japan). The
laser operates at a wavelength of 193 nm with a pulse duration < 4 ns. Using helium as a
carrier gas with a flow rate of 0.65 1 min-1, the aerosol was washed out from the chamber
(HelEx) and transported through a polyurethane tube (i.d. 4 mm) to the aerosol
spectrometers and ICP-MS. Two ablation modes - spot and line scan - were performed.
Spot ablation with different spot sizes and line scan ablation using 85 pm spot size and
different scan speed were compared. Selected isotopes were monitored with the total
integration time of 1 s which was similar to the FMPS scanning rate.

SMPS spectrometer is an aerosol instrument measuring particle number size
distribution in size range starting at units of nanometers up to approximately 1 micron.
This instrument sizes the particles according to their mobility in electrostatic field and
counts their number in individual size bins using Condensation Particle Counter (CPC).
SMPS 3936 including EC 3080, DMA 3081, aerosol charger 8°Kr (10 mCi) and CPC 3775
(all TSI) was used in this work. The measurement size range was set to 10 - 300 nm and
the scanning time was set to 1 minute per sample.

EEPS spectrometer is another aerosol instrument allowing to measure number size
distribution in fixed particle size range of 5.6 — 560 nm with a high time resolution
(down to 1 second per sample). The EEPS again sizes the particles according to their
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mobility in electrostatic field and counts their number using set of 22 electrometers. The
Engine Exhaust Particle Sizer (EEPS, Model 3090, TSI), which is, according to the
manufacturer, functionally similar to the FMPS (Model 3091, TSI), was used for this
work.

RESULTS AND CONCLUSIONS

The particle size distribution was monitored using SMPS and FMPS simultaneously
with ICP-MS signal for the spot and line ablation. The records of PSD for the whole
ablation time (80 s) were compared. Fig. 3 shows PSD for spot laser ablation, repetition
rate 10 Hz, Fluence 8 ] cm2 and spot size of 85 um. The error bars indicate standard
deviation of 5 measurements.
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Fig. 3: Particle size distribution graphs (average of 80 s spot ablation).

Both size distributions are bimodal with the first mode in nucleation size range (10-
22 nm) and the second mode in fine size range (190 nm). The smaller particles
represent the primary particles produced by laser ablation, the larger particles are most
probably a product of coagulation/agglomeration of primary nanoparticles or particles
originated from the droplets’ solidification.

The FMPS records particle size distribution for each second of the entire ablation
process using 32 size channels. To show some specific dynamic features of ablation and
to demonstrate the high scan time of the FMPS device, maps representing the change in
PSD over time were created. Figure 4 shows distribution maps for temporal behaviour
of particle number concentration in individual size channels for spot size of 85 um. The
particle concentration scale is shown to the right dN/dlog(dp) (particles cm-3).
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Fig. 4: EEPS distribution map.

Increased production of particles (Dm ~ 190 nm) was observed during single hole
drilling within the first 10 s of laser ablation. The production of primary nanoparticles
starts approximately 20 s after the start of ablation, which corresponds to a deeper
crater. Furthermore, the number concentration of particles with Dm < 50 nm rises with
increasing crater depth. Such behaviour at the beginning of the surface layer ablation
confirms the theory of nanoparticles being scavenged by larger particles of the standard
material. When the crater becomes deeper, the production of larger particles is
diminished and the relative concentration of smaller nanoparticles thus increases.
Generally, the spot ablation is dynamically changing during the ablation process.
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SUMMARY

Emission factors of CO, TOC and PM were determined during combustion of
different solid fuels (biomass, lignite, mixed fuel) in widely used small scale hot-water
boilers. The effect of the fuel type, mode of operation of boiler (nominal a reduced heat
output) on emission factors was evaluated.

UvoD

Podle odhad Svétové zdravotnické organizace (WHO 2006, WHO 2013)
je zneciSténi ovzdus$i PM zodpovédné za zkraceni primérné délky Zzivota obyvatel
Evropské unie o témér 9 mésici. Velikost PM je rozhodujici faktorem ovliviiujici prinik
a ukladani v dychacim ustroji. VétSi PM jsou zachyceny v hornich cestach dychacich,
odkud mohou byt ¢aste¢né vykaSlany a ¢astecné spolknuty. Mensi PM jsou deponovany
hluboko do plic.

Spalovani zaujima velky podil v kontaminaci ovzdu$i PM. Studie (CHMU 2014,
Kim et al. 2013) uvadi, Ze PM ze spalovani patfi mezi nejrizikovéjsi, protoZe na sebe
sorbuji nebezpecné Skodliviny napriklad polycyklické aromatické uhlovodiky (PAHs),
polychlorované bifenyly (PCB) a polychlorované di-benzo-para-dioxiny a furany
(PCDD/F).

Spalovani riiznych paliv v riiznych typech malych spalovacich zatizeni (MSZ) je stale
oblibenou formou vytapéni rodinnych domi, ale z epidemiologickych studii vyplyva,
ze PM, které takto vznikly, jsou zdravi Skodlivé (karcinogenni, mutagenni) a mohou
zplUsobovat nezadouci ucinky na zdravi (Jalava et al. 2006, Jalava et al. 2012,
Tapanainen et al. 2012, Sarnat et al. 2008). Za rok 2013 se dle Ceského
hydrometeorologického tstavu (CHMU, 2014) podilely MSZ na produkci PM1o 41 %
a PMz5 59 % z celkovych zdroji znecistovani.

Soucasné studie zamérené na emise ze spalovacich zarizeni (Kaivosoja et al. 2013,
Torvela et al. 2014) se nejCastéji zabyvaji velikostni frakci PMi, nebot se ukazuje,
Ze priblizné 90 %nm. tvori frakce PM1 z celkovych PM (Boman et al. 2005, Martinik et al.
2013). Studie (Boman et al, 2011, Lamberg et al, 2011) poukazuji na artifact,
Ze pri efektivnim spalovani biomasy je sice produkovana mensi hmotnostni koncentrace
frakce PM1, nicméné frakce PMy,1 tvori vétsi Cast této frakce neZ pri spalovani na sniZeny
ktery nastava pri neefektivnim spalovani - vét$i koncentrace castic PM1 s menSim
zastoupenim PMo 1(nizsi vykon, doutnanti).
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Proto se prispévek zaméruje na spalovani pri rdznych rezimech spalovani
(jmenovity, sniZeny vykon), pti pouziti riznych druht paliv (hnédé uhli, suché a mokré
smrkové drevo, dievni pelety, palivo mix), v rliznych typech spalovacich zatizeni
(automaticky kotel, zplynovaci kotel, odhorivaci kotel, prohorivaci kotel), které jsou
vzemich EU nejcastéji pouzivany k vytdpéni rodinnych domi. Je tifeba poukazat
na rozdilné hmotnostni zastoupeni mensich castic ve frakci PM1o jako moZnou pricinu
vétsi nebezpecnosti této frakce pri rliznych reZzimech spalovani v riznych typech kotli
a pri spalovani riiznych druhi paliv. Mensi PM totiZ i pti niz$i hmotnosti navazky maji
mnohem vétsi aktivni povrch castic, ktery dokaze sorbovat jiné nebezpecné polutanty,
¢imZ se zvysSuje jejich Skodlivost pro ¢lovéka.

METODY MERENT{

Ke spalovacim zkouSkadm byly pouzity spalovaci zarizeni, které jsou v zemich stredni
a vychodni Evropy nejcastéji pouzivany k vytapéni rodinnych domi. Byl vybran typicky
zastupce automatickych kotlli, prohotivacich kotlti, odhotivacich kotli a zplynovacich
kotlt.

Pii spalovacich zkouskach bylo pouZito 6 riiznych paliv - hnédé uhli (HU1, HU2),
mokré smrkové drevo, suché smrkové dievo, dievni pelety a palivo MIX. Granulometrie
(HU1, HU2, pelet) a rozméry polen (suchého a mokrého smrkového drivi) byly
prizplisobeny doporucenim uvedenym vyrobci kotld. Palivo MIX bylo tvoieno touto
smési: HU1 + mokré smrkové drivi + PET lahve naplnéné drevni Stépkou, kterd byla
zalita pouzitym rostlinnym fritovacim olejem. PfibliZny pomér jednotlivych slozek
paliva MIX byl tento: HU1 - 44 %, mokré smrkové drivi - 34 %, Stépka - 9 %, fritovaci
olej - 13 %. Fritovacim olejem byla Stépka zalita cca 14 h, pak byl prebyte¢ny olej z PET
lahve vylit. Toto palivo predstavovalo extrém, ktery je v nékterych oblastech Ceské
republiky pouZivdin a cilem spalovani tohoto paliva byla kvantifikace emisi
znecistujicich latek pro toto palivo. U kazdého paliva bylo pfed mérenim stanoveno
elementarni sloZeni paliva a vyhrevnost paliva (Tab. 1). V pripadé paliva MIX bylo
elementarni sloZeni a vyhrevnost paliva vypocitdny ze znalosti sloZeni jednotlivych
sloZek a vysledného vahového poméru slozek v davce paliva.

Tab. 1: Parametry pouzitych paliv (ptivodni surovy vzorek)

HU1 HU2 Mokrévsmrkové Palivo MIX Dievni pelety Suché VS mrkové
direvo direvo
Uhlik [Yonm] 54,62 61,72 34,15 45,62 47,43 45,19
Vodik [Yohm] 4,46 510 4,35 4,82 6,10 5,75
Dusik [Yonm] 0,76 0,90 0,06 0,40 0,04 0,08
Kyslik [Yonm] 19,05 14,44 29,85 26,57 40 39,5
Sira [Yohm] 0,72 1,36 0,02 0,36 0,05 0,03
Celkovavoda  [Yopm] 15,51 9,04 31,2 19,88 6,00 8,98
Popel [Yonm] 4,87 7,45 0,37 2,35 0,39 0,49
Vyhtevnost  [M]/kg] 22,61 25,84 11,89 20,13 17,02 16,52
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VSechny zkousky byly provedeny v akreditované zkuSebné spalovacich zarizeni.
Vyzkumného energetického centra. Spalovaci zarizeni bylo hydraulicky pripojeno
k testovaci smycce. Na vystup spalin z kotle byl pripojen standardizovany komin
(EN 303-5:2012). Odtah spalin z komina byl zajiStén fedicim tunelem (viz Obr. 1),
ve kterém byl provadén odbér spalin pro stanoveni koncentrace plynnych emisi a emisi
prachovych ¢astic. Redici vzduch byl nasavan z laboratote. Stanoveni fediciho poméru
bylo provedeno pomoci poméru koncentrace CO; za spalovacim zarizenim a v fedicim
tunelu. Teploty vstupni a vystupni otopné vody byly méreny pomoci odporovych
snimacti PT100. Priitok vody byl méren pomoci magnetoindukéniho priitokoméru
Krohne. Teplota spalin za spalovacim zarizenim a v fedicim tunelu byla mérena pomoci
termoclanka typu K.

fedicl tuned
= ¢ L §-i digestof - fedéni spain

1 jp |

podpéend konstrukce
/ I | zolovany komin
oo
odbérové misto 1
- 23 spalovacim zalizenim
médeni rychiost
odbéeové misto 2
- Tedici tunel vihovy most
odtahovy ventidlor

Obr. 1: Schéma zkuSebni sestavy

Vzorek spalin pro stanoveni sloZeni plynnych sloZek spalin byl odebiran pomoci
nerezové odbérové sondy napojené na filtr pevnych castic. Vzorek byl dale veden
vedenim vzorku do jemného filtru pevnych castic a dale do jednotlivych analyzatort.
VSechny casti odbérové trasy byly ohtivany na teplotu >180 °C. Pro stanoveni
koncentrace CO, COz a NO byl pouzit NDIR analyzator. Pro stanoveni koncentrace Oz byl
pouzit paramagneticky analyzator. Koncentrace celkového organického uhliku
(TOC, OGC) byla stanovena pomoci FID (flame ionization detector) analyzatoru. VSechny
pouzité analyzatory byly pred mérenim zkalibrovany etalonovym a nulovym plynem.

Vzorek spalin, pro stanoveni koncentrace prachu a jeho velikostni distribuce, byl
odebiran v redicim tunelu (Obr. 1, odbérové misto 2) izokinetickym zplisobem ve stiedu
proudu spalin. Ke vzorkovani byl pouZit cyklon Tecora a nizkotlaky kaskadovy impaktor
DLPIL. Pro zamezeni kondenzace byl cyklon i DLPI béhem odbéra vytapény na teplotu
vySsi nebo priblizné stejnou jako byla teplota spalin v fedicim tunelu. V pripadé cyklonu
to byla teplota 100 °C a v pripadé DLPI to byla teplota 80 °C.
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VYSLEDKY, DISKUSE, ZAVERY

Béhem spalovacich zkouSek bylo zjisténo, Ze s nékterymi palivy nelze dosahnout
tepelnych vykonl blizkych jmenovitému vykonu nebo snizenému vykonu pouzitych
kotlli. Problémy byly zplisobeny zejména tim, Ze nastaveni regulacnich prvkd kotl
s manualnim prikladanim paliva do spalovaci komory je spisSe orientacni. Zkousky byly
tedy provedeny pfti readlné dosaZzitelnych vykonech.

Vzhledem k nizkému stupni fedéni nebylo moZno pokryt odbérem DLPI celou
spalovaci periodu. K dispozici byly sice 2 impaktory, které byly béhem spalovacich
zkouSek ménény, ale vycisténi a sloZeni impaktoru zabralo cca 20-30 min a predehiati
impaktoru na poZzadovanou teplotu trvalo cca 10 min. Pokryti odbéru pomoci DLPI bylo
v pripadé nékterych zkousSek velmi nizké. Pro ucely vyhodnoceni byly v pripadé DLPI
brany pouze zkousky, u nichZ je procento pokryti spalovaci zkousky odbérem
vétsinez 50 %. Pro useky spalovaci periody, ve kterych byly provadény vymény
impaktort, byly do vypoctu emisniho faktoru (EF) brany primérné hodnoty naméiené
v sousedicich odbérech.

Hlavni poznatky ziskané z provedenych spalovacich zkousek jsou nasledujici:

- EF CO zavisel zejména na typu kotle a na typu provozu Kkotle
(minimdlni nebo jmenovity vykon). Zavislost EF CO na typu paliva byla mala.
(Rozsah 150 - 14 000 mg/M]).

- EF OGC zavisel, stejné jako EF CO, hlavné na typu kotle a zptisobu provozu kotle.
U EF OGC byla vsak zjisténa vétsi zavislost na typu paliva.
(Rozsah 2 - 4 700 mg/M]).

- EF PM;s zavisel zejména typu kotle a na zplisobu provozu kotle. Zavislost na typu
paliva byla mala. U automatického kotle a zplyniovaciho kotle byl rozdil mezi EF
pri Prom @ Pmin minimalni. (Cyklon, rozsah 10 - 1 500 mg/M]).

- EF PM ziskané mérenim pomoci DLPI byly niZsi neZ EF ziskané pomoci cyklonu.

- Pres 80 %nm. vSech PM bylo tvoreno ¢asticemi o velikosti PM.

- U kotll s lepSim spalovacim procesem tvortila frakce PMg,;1 cca 15-30 %nm. vSech
PM. U kotlii s horsim spalovacim procesem byl podil nizsi (5-10 %nm.).

PODEKOVANI

Tento prispévek byl vypracovan v ramci projektt ,Inovace pro efektivitu a Zivotni
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SUMMARY

The effort of this work was to determine filtration efficiency of hollow fiber
membranes to remove solid particles from air. This type of membranes can be used for
microfiltration of air and to provide high efficiencies in particulate matter removal down
to 0.3 um sizes which is comparable with HEPA filters.

UvVOoD

Vzduchové filtry hraji dlileZitou roli v mnoha primyslovych zarizenich, ventila¢nich
systémech budov a dalSich specidlnich aplikacich jako napftiklad v ultra-cistych
prostorech (tzv. cleanrooms). JelikoZ vnitini vzduch budov je dvakrat az pétkrat vice
zneCiStén neZz venkovni (Fedel, 2012), systémy Kk ciSténi vzduchu jsou jejich
neodmyslitelnou soucasti. Jejich hlavni funkci je odstranit castice, které mohou byt
vdechnuty, napi. prach, razné alergeny a mikroorganismy, coZ souvisi s riznymi
zdravotnimi riziky (Buonanno et al,, 2013, Orona et al,, 2014, Yamamoto et al,, 2014).
PouZiti membran pro filtraci vzduchu se stava ¢im dal vyznamnéjsi diky jejich tcinnosti,
povrchovym a fyzikalné-chemickym vlastnostem, proto jsou v mnoha aplikacich filtrace
vzduchu preferovény (Galka and Saxena 2009)
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Obr 1 Mbrfologle poi";zm struktury membran Z dutych vlaken
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Membrany z dutych vlaken jsou specialni typ membran, které se skladaji z nékolika
stovek (v nékterych pripadech i tisicii) dutych vlaken, které maji presné definovanou
porézni strukturu (Obr. 1). Cilem této prace bylo zmérit ucinnost odstranéni prachovych
castic ze vzduchu pomoci téchto membran.

METODY MERENI

Méreni bylo provedeno ve sklenéné komorte o objemu 256 litra (Obr. 2). Komora
byla pripojena na vakuum vytvarené ventiladtorem (11), potrubim (1), které bylo
napojeno na svazek dutych vldken (3). Komora byla dale napojena na zpétny piivod
vzduchu do komory s mozZnosti jeho odpojeni (2). Rozptyleni prachovych ¢astic
v komote bylo udrZovano pomoci dvou proti sobé natoc¢enych ventilatort tak, aby prach
byl udrzovan ve vznosu. Jako testovaci prach byl pouZit vapenec jemné namlety pomoci
tryskového mlyna (distribuce velikosti ¢astic viz Obr. 3). Testovaci prach byl davkovan
do komory otvorem ve sténé (13) tak, Ze byl piimo rozfukovan do prostoru komory a
nasledné drzen ve vznosu pomoci ventilatorii. Na potrubi na strané vakua byl umistén
pratokomeér (8), termoclanek pro méreni teploty vzduchu (10) a diferencni tlakomér
(12). Tyto senzory byly ptipojeny k PC k zaznamenavani dat v redlném ¢ase. Castice,
které nejsou zachyceny membranou, jsou odebirdny pomoci ¢itace €astic (6) na vyvodu
(9) hned za membranou umisténém na potrubi (1). Pocet ¢astic ddvkovany do komory je
méien skrz spot (14). Méric ¢astic je napojen k PC s piislusnym software k zdznamu dat.
Méreni a vypocet filtrani ucinnosti bylo provedeno podle upravené metody popsané
v EN 779.
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Obr. 2: Testovaci komora s prisluSenstvim
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Obr. 3: Distribuce velikosti ¢astic testovaciho prachu
VYSLEDKY, DISKUSE, ZAVERY

Obr. 4 ukazuje filtra¢ni Uc¢innost pro rtzné velikosti ¢astic. Nejnizsi ucinnost ma
membrana pro castice o velikosti 400 nm. Tato velikost Castic (resp. i velikost Castic
rovna 300 nm) je problematicka. K separaci na membrané dochazi kombinaci difizniho
mechanizmu a intercepce (zachyceni narazem c¢astice na vlakno popf. sténu membrany).
Kombinace téchto dvou mechanizmi ma za nasledek nizsi separa¢ni a¢innost membran
pro Castice o vySe zminéné velikosti (Earnest a Gressel, 2003).
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Obr. 4: Filtra¢ni uCinnost membran z dutych vlaken pro rizné velikosti ¢astic
Prvni vysledky ukazaly moZnost pouZiti membran z dutych vlaken pro filtraci
vzduchu. Nicméné kvili vyssim tlakovym ztratdm je nutné hledat aplikace s niz$imi
pritoky vzduchu. Dale je nutné provést testy zahrnujici dlouhodobou expozici membran
zneciSténému vzduchu, resp. simulace redlnych podminek, které o samotné
pouzitelnosti téchto membran v riiznych aplikacich napovi vice.

PODEKOVANI
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SUMMARY

The aim of this work was to evaluate the PM concentration in selected regions of
Brno during five years and to estimate associated health risks. The results have shown
the concentrations of suspended particles exceed limits every year, especially in high
traffic regions, where the number of exceedances of PM10 is almost three times higher
in some cases.

UvoD

Brno je druhym nejvét$sim méstem v Ceské republice s celkovym poctem 400 000
obyvatel, pricemZ dalsich 100 000 osob ptichazi do mésta za praci a studiem. Z toho
diivodu je zatizeni dopravou v Brné piic¢inou vysoké koncentrace pevnych castic ve
vzduchu. To miZe vést ke zvySenému riziku pro zdravi clovéka v souvislosti
srespiracnimi a kardiovaskuldrnimi onemocnénimi. Hlavnim cilem této prace je
vyhodnotit situaci ovzdusi ve vybranych lokalitach mésta Brna v letech 2009-2013 a
zarovenn odhadnout souvisejici zdravotni rizika. Tabulka 1 znazortiuje horni hranici
vybranych znecistujicich latek. V pripadé PM1o bylo rozliSovano mezi ro¢nim primérem
a 24 hodinovym primeérem. Horni limit 24 hodinnového priiméru je 50 pg.m-3 a nemtize
byt prekrocena vice nez 35krat za rok.

Tab. 1: Imisni limity - ro¢ni primeéry (Zakon 201/2012 Sb., Smérnice 2008/50/EC)

Latka PMjo (rok) PM1o (24-h) PM25
Limit (ug-m-3) 40 50 (max 35x ro¢né) 25
METODY MERENT{

Vzorkovani bylo provedeno ve c¢tyrech lokalitach s riznymi stupni automobilové
dopravy vyuzivajici F] 95 SEQ sekvencni casticovy vzorkovac s pritokem vzduchu
1 m3.h-1. Sledovany byly celkem dvé pozadové oblasti (obytna zona) a dvé oblasti
zatiZené dopravou. LiSenl (oznacend jako B1) a Masna (oznacena jako B2) jsou pozad'ové
lokality s nizkou zatézi automobilové dopravy. Naopak, Uvoz (oznaceny jako T1 ) se
vyznacCuje vysokou zatéz{ automobilové dopravy. Mérici stanice byly lokalizovany
v blizkosti kfizovatek ulice Udolni a Uvoz ve vzdalenosti 2 m od hlavni silnice. Podobné
tomu bylo na ulici Zvonarka (oznacena jako T2), ktera je rovnéZ vysoce zatiZena
automobilovou dopravou. Koncentrace PMio byly méreny ve vSech oblastech.
Koncentrace PM1o byly predstaveny pro roky 2009-2013. Méreni koncentrace PMzs bylo
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uvedeno pouze pro T2 v pribéhu let 2009 - 2013 a také rok 2011 pro B1 (udaje
uvedené do konce roku 2013).

Hodnocenf{ zdravotnich rizik

Pro hodnoceni rizik dlouhodobé expozice PM, byly vyuZity zavéry Americké
spolecnosti pro vyzkum rakoviny (American Cancer Society, ACS), které jsou také
doporucovany Svétovou zdravotnickou organizaci (World Health Organization, WHO).
Autori zjistili, Ze narlst koncentrace PMz5 v rocnim priméru o 10 pg-m-3 vede k 6%
naristu celkové imrtnosti exponované populace. Tento vztah je upraven pro PMio kdy
narast ro¢ni koncentrace o 10 pg-m-3 vede k 3% nariistu umrtnosti v exponované
populaci. Zakladni koncentrace pro PMio je 20 pg-m=3 (dle WHO), u které timrtnost
nemizZe byt vyssi nezZ 95% pravdépodobnost (Amann et al,, 2006). Vztah byl vyjadien
nasledujici rovnici:

I _ IMB%(CMAX _CBASE)
M%
CINCR

kde Iuwy je celkovy narlist imrtnosti u exponované populace, Cmax je maximalni roc¢ni
koncentrace PMy, Cgask je zakladni koncentrace (v rovnici pg'm-3a 10 pg-m=3 pro PMo a
PM2s), Im% (v rovnici do 3 % a 6 % pro PMio a PMzs) je nariist celkové umrtnosti
jestliZe Cpasg nartstd s Cincr (10 pg-m-3).

VYSLEDKY A DISKUSE

Obrazek 4a znazornuje vyvoj koncentraci PM1o ve sledovanych lokalitach. Nejvyssi
koncentrace PM1o je vlokalitich T1 a T2, kterd je pfimérend vysokému dopravnimu
zatizeni. Nejvyssi hodnoty jsou pozorovatelné na zacatku (v roce 2009). V pribéhu
dalSich let koncentrace PM1g klesa (napft. v oblasti T2 koncentrace klesa mezi lety 2009-
2013 ze 70 pg-m=3 na 40 pg-m-3). Obrazek 4b ukazuje rozdil koncentraci PM1o a PMzs
v oblastech T2 a B1. Koncentrace PM1o v priibéhu let kles3, zatimco koncentrace PMz s je
v oblastech témér stejnd nebo trochu nizsi. Ve vSech regionech byva koncentrace PM
v zimnim obdobi vyssi nez vletnim obdobi. To se déje z diivodu lokalniho vytapéni,
které uvoliiuje velké mnozstvi produktiim spalovani vCetné pevnych c¢astic.
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Obr. 1: Mési¢ni primér koncentrace PM1 (a) a koncentrace PM1o a PM25 (b) na
pozad'ové lokalité (B1) a dopravou zatiZzené lokalité (T2) v letech 2009-2013.

Vtabulce 2 jsou znazornény koncentrace PMip a procenta odhadu narustu
umrtnosti. Oblast B1 vykazuje niz$i procento zvySeni umrtnosti neZ ostatni oblasti.
Nicméné maximdalni koncentrace v roce 2013 dosahla 107 pg.m-3, coZ predstavuje
narust ve srovnani s predchozimi roky. Dlouhodobéjsi vystaveni takové koncentrace by
mohlo vést ke zvySeni umrtnosti 0 26,1 %.

Tab. 2: Odhad zvySeni Umrtnosti v zavislosti na PM1o (maximalni ro¢ni koncentrace
(ug.m-3) / zvySeni umrtnosti (%))

B1 B2 T1 T2

2009 68/ 14.4 96 /22.8 86/19.8 152.8/39.8
2010 97 /23.1 78/ 17.4 149 / 38.7 170.9 / 45.3
2011 101/ 24.3 148 / 38.4 110/ 27.0 126.6 / 32.0
2012 84 /19.2 103 / 24.9 111/27.3 120.1/30.0
2013 107 / 26.1 56/10.8 123 /30.9 138.9 /35.7

Tabulka 3 znazorniuje maximalni ro¢ni koncentrace a odhad zvySeni umrtnosti pro
PM;5. Nejhorsi situace byla v roce 2010 v oblasti T2. Maximalni hodnota presahuje
160 pg.m-3, coz v prepoctu na odhad zvysSeni imrtnosti piredstavuje 91,1 %. Koncentrace
se béhem poslednich 3 let snizila, ale porad je na hodnotach kolem 120 pg.m-3, coZ
odpovida 65% narustu umrtnosti.

Tab. 3: Odhad zvySeni Uumrtnosti v zavislosti na PMzs (maximalni ro¢ni koncentrace
(ug.m-3) / zvySeni umrtnosti (%))

2009 2010 2011 2012 2013
B1 - - 127/ 70.2 90/ 48.0 100/ 54.0
T1 137.3/76.4 161.8/91.1 1153/63.2 117.7/64.6 124.5/68.7
ZAVER

ZnecisSténi ovzdusi je v centru mésta Brna na velmi vysoké drovni. Koncentrace
Castic prekracuji vSechny povolené limity, koncentrace PM1g jsou v nékterych oblastech
az trikrat vyS$si neZ povolené limity. Vyjimkou je oblast B1, ktera nenf zatiZena dopravou.
V této oblasti nedochazi k prekroceni povolenych limiti koncentraci.
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SUMMARY

The sampling campaign was conducted during two periods in early spring and
summer 2013 in Plzen - Litice. The 3 and 8 size fractions of atmospheric aerosol were
sampled by 3DRUM/8DRUM impactor with an integration time of 30, 60 and 120
minutes. Also hourly averages of PM1o PM2s and PM1 concentrations by GRIMM and the
10 minutes averages of wind speed and direction together with precipitation were
measured. The five DRUM samples were chosen for detailed SEM EDX analysis according
to PM1o, PMz2s.10 and PM1.10 concentrations and meteorological conditions. The number
of the critical actinolite fibres increased with PM1o/PM1i.10 and PM1o/PM2s.10 ratio
increase, WS > 2 m.s-1and precipitation < 1 mm. Based on the results the number of the
critical actinolite fibres is WD independent thus the actinolite fibres sources are
ubiquitous.

UvoD

Problematika vyskytu a vnaSeni azbestovych vlaken do venkovniho ovzdusi se zda
byt dnes jiZ vyreSena a nejedna se nijak o nové téma. Avsak i pres jednoznacnou schodu
minimalizovat manipulaci a téZbu tohoto nebezpecného karcinogenniho materidlu se
miZeme v dneSni dobé setkat s vysokymi koncentracemi azbestovych vlaken ve
venkovnim ovzdusi (Sakai et al., 2001, Larson et al.,, 2010). V Ceské republice byly v roce
2002 poprvé zjistény nadlimitni koncentrace azbestovych vldken aktinolitu ve
venkovnim ovzdu$i mésta Plzné a jeho okoli (Cervenka, 2005).

METODY MEREN{

Vzorky aerosolu, rozliSené do 3 nebo 8 velikostnich frakci, byly odebirany v
Plzni - Liticich v obdobi 4.4. - 14.5. a 12.8. - 10.9. 2013 rotatnimi impaktory
3DRUM/8DRUM s integra¢ni dobou 30, 60 a 120 minut. Soucasné s odbérem velikostné
segregovanych vzorkd aerosolu DRUM impaktory probihala méreni 60 minutovych
priméri koncentraci PM1o, PM2s a PM1 monitorem Grimm (CHMU) a 10 minutovych
priméri rychlosti a sméru vétru a srazkového thrnu (Plzeni-Mikulka, CHMU).

Mylarové folie s depozitem prvni velikostni frakce 3DRUM (1,15 - 10 pm) a prvni
tii velikostnich frakci 8DRUM (10 - 5 ym, 5 - 2,5 ym a 2,5 - 1,15 pm) byly analyzovany
SEM (TESCAN-Vega) s EDX (X-MAX 50, Oxford Instruments). Na zakladé koncentraci
PM1o, PM25.10/PM1-10 2 meteorologickych podminek bylo pro SEM EDX analyzu vybrano
5 mist depozitu. Vzhledem k rozmértim vzorku 0,5 mm x 6 mm odpovidajici u 8DRUM
60 nebo 120 minutam a 0,5 x 10 mm odpovidajici u 3DRUM 30 nebo 60 minutam byl
vzorek rozdélen na tii aZ Ctyti ¢asti o rozmérech 0,5 x 0,5 mm, kde byla pocitana zrna a
vlakna aktinolitu.
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VYSLEDKY, DISKUSE, ZAVERY

U vybranych vzorkli byly na zakladé vysokych koncentracich Si, Mg, Ca a Al
detekovana zrna a vlakna aktinolitu (Tab. 1). V priméru bylo analyzovano 40 Castic na
tiech az ¢tyrech snimcich pro kazdy vzorek, celkem tedy vice nez 120 analyz.

SEM EDX analyza vzorkti z8DRUM s integracni dobou 60 a 120 minut byla
v porovnani s analyzou vzorkii 3DRUM s integracni dobou 30 a 60 minut vzhledem
knizSimu pritoku vzduchu ptistrojem méné casové narocna. Doba analyzy se dle
koncentraci PM1.10 nebo PMz5.10 pohybovala v rozmezi dvou aZ péti hodin.

Tab. 1: Souhrnny piehled vysledkili pro mérici obdobi 4.4. - 14.5. 2013 ze SEM EDX.
Pocetzrn Pocetvldken Pocetzrnna  Pocetvlaken na

na 1mm?2 na 1 mm? 1 m3 vzduchu 1 m3vzduchu
Vzorek1l 5-10pm 33 12 290 131
2,5-5um 41 20 348 193
Celkem 75 32 588 282
Vzorek2 5-10um 6 3 41 27
2,5-5um 14 7 73 45
Celkem 20 10 97 57
Vzorek3 5-10um 20 8 97 49
2,5-5um 56 20 227 97
Celkem 76 28 297 126

Pocet vlaken aktinolitu rostl s koncentraci PM1.10 nebo PMzs.10, rychlosti vétru > 2
m.s'1 bez ohledu na smér proudéni pri srazkach do 1 mm. Z vysledki vyplyva, Ze pocet
vlaken aktinolitu nevykazuje zavislost na sméru vétru.

K ziskdni podrobné charakteristiky atmosférického aerosolu, morfologie a
elementarni sloZeni jednotlivych castic, v ovzdusi mésta Plzné se jevi jako vhodné
kontinualni vzorkovani pomoci 8DRUM s integracni dobou 60 minut s naslednou SEM
EDX analyzou vzorki velikostni frakce 10 - 5 um a 5 - 2,5 pm.
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SUMMARY

The original of ACTJU sampler under optimum conditions collects quantitatively
aerosol particles down to 300 nm in diameter while the collection efficiency of smaller
particles decreases. A combination of original ACTJU sampler with a water-based
condensation growth tube (GT) located upstream of the ACTJU allows quantitative
sampling of aerosol particles down to a few nm in diameter. The ACTJU effluent is
permanently sucked out from the sampler and on-line analysed for particulate water-
soluble species.

UvoD

Atmosférické aerosoly hraji dualezitou roli pfi rGznych environmentalnich
problémech a potvrdila se i souvislost aerosolii se zvySenou umrtnosti obyvatelstva.

Pro stanoveni chemického sloZeni aerosolili je dnes vétSinou vyuZzivan jejich zachyt
na filtrech snaslednou off-line analyzou. Nevyhodou je integralni informace o
chemickém sloZeni a také mnoho vzorkovacich artefaktl. Alternativou jsou odbérova
zatizeni vyuzivajici kondenzace presycené vodni pary na Casticich aerosolu (Khlystov a
spol., 1995; Weber a spol., 2001), kdy analyzovany vzduch je smichavan s presycenou
vodni parou, po ochlazeni smési dochazi ke kondenzaci pary na c¢asticich. PrestoZe
kondenzacni princip v souc¢asné dobé pii kontinualnim vzorkovani aerosold prevazuje,
pouziti horké pary neumoZiiuje spolehlivé vzorkovani aerosolli obsahujicich tékavé
slouceniny (SVOC, NH4NO3). Mimoto, reakce horké pary s oxidem dusicitym, vede ke
vzniku pozitivnich artefaktli pti nadsledné analyze dusitanti a dusi¢nant na casticich.

Na odliSném principu zachytu aerosolli pracuje aerosolovy vzorkovac (tzv. Aerosol
Counter-flow Two Jets Unit, ACTJU), ktery pro zachyt aerosolovych ¢astic vyuziva
deionizovanou vodu pii laboratorni teploté (MikuSka a Vecera, 2005). Nevyhodou
aktualni verze vzorkovace je postupné klesajici uc¢innost zachytu pro ¢astice mensi nez
300 nm.

Prispévek se zabyva zvySenim ucinnosti vzorkovace i pro zachyt ¢astic menSich nez
300 nm. Pouzitim tzv. ,rastové trubky“ (RT), ktera je umisténa pted vzorkovacem,
vzroste velikost Castic na nékolik um. ZvétSené castice jsou pak nasledné snadno
zachyceny v ACTJU vzorkovaci.

EXPERIMENTALN{ CAST
Zachyt aerosoli vaerosolovém vzorkova¢i ACTJU byl studovan pomoci
standardniho polydisperzniho aerosolu Co(NO3)2. Distribuce a zakladni charakteristiky

generovaného aerosolu (mod 23,3 nm, geometricky primér 25,3 nm, celkova
koncentrace 2,73x105 #/cm3) byly zméreny pomoci spektrometru SMPS (TSI, USA).
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Distribuce aerosolu na vystupu zristové trubky byla méfena pomoci optického
spektrometru Welas 3000 (Palas, Némecko).

Ristova trubka (RT) se sklada ze tfi na sebe navazujicich sklenénych trubic ve svislé
poloze. Povrch vnitfnich stran trubek je specialné upraven pro zabezpeceni dokonalé
smacivosti pro vodu. Do kazdé trubky je privddéna na hornim konci deionizovana voda
(1 mL/min), kterd je pak na dolnim konci zase odebirana. Analyzovany vzduch (priitok 5
L/min) je nasavan pies RT do ACTJU.

VYSLEDKY

Pro zvySeni ucinnosti zachytu i pro castice aerosolu mensi nez 300 nm byla pred
ACTJU vzorkovac¢ predrazena tzv. “rlistova trubka” pracujici na principu kondenzace
vodni pary. RT je sloZena ze 3 Casti, které jsou postupné chlazeny, zahrivany a opét
chlazeny (Hering et al., 2014). Béhem priichodu vzduchu s aerosoly pies RT vzroste
velikost plivodné nanometrovych castic na nékolik um. ZvétSené Castice jsou pak
nasledné snadno zachyceny v ACTJU vzorkovaci. Ucinnost zachytu &astic je 100%
(ovéreno pro castice v rozmezi 10-200 nm a koncentraci 103-105 P/cm3). Interference
plynnych polutanti jsou odstranény pouZzitim anularniho difdzniho denuderu (Mikuska
a spol,, 2012). Postupné bylo testovano nékolik vyvojovych verzi RT, vysledky budou
presentovany. Funkénost systému RT-ACTJU byla ovérena pti vzorkovani méstského
aerosolu s naslednou analyzou NH4*, levoglukosanu nebo dikarboxylovych kyselin. Jako
referencni metoda bylo pouZito paralelni vzorkovani aerosolu na filtr.

ZAVERY

Plivodni verze ACTJU sampleru byla modifikovana prediazenim rlstové trubky, coz
zabezpecilo kvantitativni zachyt i ¢astic v nanometrovém rozmezi.
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SUMMARY

This study attempts to assess the effects of the closure of Narodni street in
downtown Prague to motorized traffic during a sustainable mobility event on particle
number concentrations in the air. Compared to the previous day with normal traffic,
particle size distributions measured by an electric mobility classifier show a reduction of
total particle count by about three quarters, with nanoparticle peak around 10 nm being
nearly eliminated. Particle counts measured by a diffusion charger show absence of
spatial and temporal “hotspots” originating from passing vehicles. Mobile measurements
also show the high contribution of high emitting vehicles to total particle concentrations.

UvoD

Spalovaci motory, které pohanéji vétSinu motorovych vozidel a pojizdnych
pracovnich strojli, emituji ¢astice o rozméru prevazné jednotek az stovek nanometrt
v bezprostiedni blizkosti ob¢ani. Tyto castice, deklarované jako rakovinotvorné, maji
vysokou pravdépodobnost zachytu v plicnich sklipcich a maji schopnost pronikat
bunécénou membranou do krevniho obéhu. Pobyt v blizkosti frekventovanych silnic byl
spojen s vys$im rizikem Siroké rady onemocnéni, a odhadovany pocet predc¢asnych
tmrti ¥adové presahuje pocet obéti dopravnich nehod v CR i v EU. Tyto informace jsou
shrnuty ve (Stolcpartova et al, 2015), spolu svysledky mobilnich méfeni, které
poukazuji na to, Ze spalovaci motory jsou zdrojem vétSiny ¢astic nachazejicich se na
ulicich ve vysce, ve které dychame.

Cilem této prace je odhadnout dopad zmény v dopravnim planovani, vtomto
pripadé docasného uzavieni Narodni tridy v centru Prahy pro motorizovanou dopravu,
na koncentrace velmi jemnych ¢astic v ovzdusi.

METODY MERENI

Méreni probéhla ve stredu 21.9.2016 za normalniho provozu a ve ¢tvrtek 22.9.2016
béhem akce Cistou stopou Prahou, pfi které byla v u pfileZitosti Mezinarodniho dne bez
aut Narodni tfida uzaviena pro automobilovou dopravu. Velikostni distribuce Castic byly
méreny klasifikatorem pracujicim na bazi elektrické mobility (32 kategorii od 5 do 560
nm, Engine Exhaust Particle Sizer, TSI), ktery byl umistén na Narodni tfidé cca 50 m
vychodné od stiedu kiiZovatky se Spalenou ulici, ve stfedu v zaparkovaném automobilu,
ve Ctvrtek u podia. Celkovy pocet a stredni velikost Castic byly méreny prenosnym
analyzatorem DiscMini (Testo AG), ve kterém castice ziskavaji unipolarni naboj, ktery je
nasledné detekovan dvéma elektrometry. Pristroj byl prendSen rucné ve vysce cca 1,2 m
spolu s GPS (eTrex, Garmin) pro zaznam okamZité polohy po trase zahrnujici Narodni
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tiidu, Smetanovo nabiezi (silny provoz automobill oba dny) a Karltiv most (pouze pési a
nemotorizovana doprava).

VYSLEDKY, DISKUSE, ZAVERY

Celkové koncentrace Castic mérené klasifikatorem jsou vynesené v ¢ase na obr. 1.
Zde lze pozorovat kratké epizody s koncentracemi az o dva tfady prevysujici median,
které lze pricist blizkosti zdroje, ve stfedu jednotlivym projiZdéjicim motorovym
vozidliim, ve ¢tvrtek pak kurakéim. Spickové i celkové koncentrace byly ve ctvrtek
vyrazneé nizsi. Priimérna velikostni spektra za cely den jsou vynesena na obr. 2, ve stiedu
je patrny velky prispévek nuklea¢niho médu kolem 10 nm, typického pro primarni
Castice ze spalovacich motort, ktery ve Ctvrtek absentuje. U vétSich Castic se rozdily
mezi stifedou a ¢tvrtkem sniZuji.
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Obr. 1: Celkové koncentrace namérené klasifikdtorem EEPS na Narodni tridé
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Obr. 2: Primérna velikostni distribuce ¢astic na Narodni tridé

Celkové pocty castic mérené prenosnym piistrojem DiscMini jsou vyneseny na obr.
3 na Casové ose a graficky znazornény jako priimeérné koncentrace (primérna délka
intervalu 25 s) v zavislosti na poloze na obr. 4. Pfitomnost automobil{i na Narodni tiidé
ve stfedu a na Smetanové nabieZi v oba dny se projevila nerovhomérnymi vykyvy
v poloze i Case, které byly pfi absenci automobili ve ¢tvrtek na Narodni tridé a na
Karlové mosteé spisSe sporadické, vysoké Spickové hodnoty jsou zde pricitany kurakim.

Rozdil ,mistniho pozadi®, tj. zakladni linie kiivky koncentraci pfi pomyslné absenci
spiCkovych hodnot, je patrny ve vSech usecich, i na Karlové mosté, a vypovida o
odlisnych pozad'ovych koncentracich ve stiedu a ve ¢tvrtek. Ty jsou vyneseny jako prvni
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decil (hodnoty, ktera neni vyssi nezZ 10% a neni nizsi neZ 90% namérenych koncentraci)
v plovoucim okné hodinové délky, spolu s primérnymi koncentracemi, na obr. 5. Tamtéz
jsou pro porovnani vyneseny i primérné koncentrace na Karlové mosté, koncentrace
z méstské pozad'ové stanice Praha-Suchdol, a hmotnostni koncentrace z monitorovaci
stanice na namésti Republiky.

Trendy u obou referenc¢nich stanic nejsou shodné, napriklad na ndmésti Republiky
byly ve Ctvrtek nizs$i hmotnostni koncentrace kolem 12-13 h, zatimco na Suchdole byly
v tuto dobu celkové pocty srovnatelné. VSechny soubory dat spiSe napovidaji o tom, Ze
»,pozad'ové“ koncentrace castic byly ve ¢tvrtek obecné niZsi. Porovname-li vSak zjevny
prispévek individualnich zdrojd, vyjadreny jako rozdil mezi primérem a prvnim decilem
v kazdé hodiné méreni, s rozdily mezi obéma dny na Karlové mosté a na stanici Praha-
Suchdol, je ziejmé, Ze tento prispévek vyrazné prevysuje vlivy rozdilnych pozadovych
koncentraci.
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Obr. 3: Koncentrace ¢astic namérené prenosnym pristrojem DiscMini na Narodni tridé,
na Smetanové nabieZi (oba dny s auty) a na Karlové mosté (oba dny bez aut)
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Obr. 4: PoCetni koncentrace Castic (#/cm3) na Karlové mosté (vlevo), Smetanové
nabrezi (svisle), Narodni tiidé, a u stanki s uzeninami na Mistku (vpravo)
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Obr. 5: Hodinové priimérné koncentrace a prvni decil koncentraci na Narodni tiidé
porovnané s koncentracemi na Karlové mosté, nam. Republiky a stanici Praha-Suchdol.

Charakteristika mobilnich zdroji, kdy vétsina emisi daného vozu pochazi z relativné
kratkych epizod s vysokymi emisemi a vétSina emisi ¢astic vozového parku z relativné
malého podilu vozidel, se promitd i do zna¢né variability koncentraci v ¢ase a misté, ke
které se pricitaji dalsi ,bézné“ vlivy jako meteorologické podminky a mistné specificka
geometrie. Z tohoto diivodu je presnéjsi vycisleni at jiz celkovych koncentraci, nebo i
zmény v koncetracich, s omezenym mnozstvim dat obtiZné, ne-li nemozné.

| presto je mozné konstatovat, Ze uzavieni Narodni tfidy pro automobilovou
dopravu prineslo vyrazné (nelze urcit presné, pravdépodobné mezi 50 a 75%) sniZeni
poctu ¢astic, zejména nanocastic, na Narodni tridé.
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SUMMARY

Paper presents results of pilot study of traffic related (nano)particles
characterisation that was performed in the underground garage. (Nano)particle number
concentrations and (nano)particle size distribution were measured using Electrical Low
Pressure Impactor ELPI+™ (Dekati Ltd., Finland) and simultaneously (nano)particle
samples were taken in 14 size fractions. Particle number concentrations clearly indicate
the movement of vehicles in garage. Different elements concentrations in separate
particle fractions indicate different particle sources in this environment.

UvoD

Jemna frakce Castic a ultrajemné castice €i nanocCastice jsou predmétem rady
environmentalnich studii (Sanderson et al, 2014), jelikoZ jsou povazZovany za
Bakand et al., 2012). NejvyznamnéjsSim zdrojem nanocastic jsou spalovaci procesy
zahrnujici primyslové a dopravni emise. Pokrok v technologiich spalovacich motorti
vedl k dokonalejSimu spalovani paliva, ale soutasné vyznamné poklesla velikost
produkovanych ¢astic ve vyfukovych plynech z mikrometrovych do nanometrovych
rozmérl (Morawska et al., 2009).

METODY MEREN{

Pilotni studie za ucelem detailni charakterizace (nano)castic pochazejicich z
dopravy byla realizovdna v prostorach podzemni garaze Centra dopravniho vyzkumu
v.v.i. Méreni charakteristik (nano)castic v¢. odbérti vzorkl byl realizovan elektrickym
nizkotlakym impaktorem (Electrical Low Pressure Impactor ELPI+™ , Dekati Ltd.
Finland) velikostné selektujici ¢astice v rozsahu 6-10,000 nm do 14 velikostnich frakci.
Mérena byla velikostni distribuce ¢astic v redlném case, koncentrace (nano)castic v
jednotlivych velikostnich frakcich a soucasné probihal odbér vzorki velikostné
selektovanych  (nano)c¢astic. (Nano)castice byly zachytavany na  specidlni
polykarbonatové membrany Whatman® pro naslednou chemickou analyzu. Za ucelem
stanoveni obsahli prvkii byly (nano)castice zachycené na filtrech rozloZeny v
uzavienych kifemennych nadobach s pouZitim mikrovinného rozkladného zarizeni
ultraClavelll® (EMLS GmbH, Leutkirch, Germany) v laboratorich Karl-Franzens
Universitat v Grazu ve smési ultracistych kyselin (HCl a HNO3) za vysokych teplot a
tlakli. RozloZené vzorky byly analyzovany pristrojem na principu induk¢né vazaného
plazmatu s hmotnostnim detektorem, konkrétné 8800 ICP-MS Triple Quad (Agilent
Technologies, Japan).
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VYSLEDKY, DISKUSE, ZAVERY

Pocetni koncentrace Castic namérené v prostredi podzemni garaZze vykazuji dvé
maxima v ramci dne resp. 24 hodin, ktera velmi presné odraZzi pohyb vozidel v téchto
prostorach. Prvni zvySeni pocetnich koncentraci ultrajemnych c¢astic je patrné rano cca.
mezi 16:30 a 19:00, kdy dosahuji hodnoty az ke 14 000 ¢astic na cm-3, kdy zaméstnanci
opousti pracovisté. Nasledné chemické analyzy jednotlivych velikostnich frakeci
(nano)castic prokazaly rozdilné distribuce rtiznych prvki v ramci velikostnich frakci
Castic, které indikuji pravdépodobné riizné zdroje téchto Castic v prostiedi podzemni
garaze, zahrnujici spalovaci procesy, obrus povrchu nebo riiznych caisti vozidel.
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Obr. 1: Priklad distribuce prvki (Ca, Cr, Cd) na ¢asticich v prostiedi podzemni garaze.
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INTRODUCTION

Particulates are the main pollutants of the troposphere, and one of its qualitative
indicators is the mass concentration of PM1o (Wu et al.,, 2015). Suspended particles,
enriched with a number of elements, substances and chemical compounds with toxic
influence, have proven negative impact on human health. The concentration of
pollutants depends not only on the amount and activity of emission sources, but also on
the meteorological mechanisms including scavenging from the atmosphere.

Solid particles scavenging proccesses take the form of dry and wet deposition. Wet
deposition is the atmospheric pollution capturing by clouds and/or precipitation
droplets in liquid or solid form. Captured contaminants are then delivered to the ground.
Dry deposition brings down particles directly to the surface of litho- or hydrosphere
without precipitation (Seinfeld and Pandis, 2006). Wet deposition is divided into two
types, classified by the place where the process occurs. Namely in-cloud (rainout,) and
below-cloud (washout) processes (Santachiara et al., 2013).

There are a number of parameterizations to determine the effectiveness of wet
deposition in below-clouds processes of the troposphere purification. The most popular
is scavenging coefficient A [s'1], which indicates the relative change in the aerosol
number concentration per second for a particle of a given diameter (Pruppacher and
Klett, 1997, Laakso et al,, 2003).

The concentration of PMyy is still an important indicator characterizing the state of
the quality of the troposphere. Throughout the world, urban and background air quality
monitoring stations provide information on the mass concentration of PMjio.
Announcements regarding to the potential exceeding of the permissible concentrations
are also presented in form of mass concentration. At the same time, parameterization of
the dust concentration changes used, usually refers to the concentration quantity of
particles of fixed size. It causes a problem in the interpretation and prediction of
potential improvement of aerosanitary conditions following precipitation events. Hence,
primary objective of the study was the construction and verification of the model to
estimate changes in the PM19 mass concentration after precipitation of different types.
The model was built based on the results of the field tests.

EXPERIMENTAL SETUP

The mass concentration of PM1o measured at background area, in the vicinity of the
Kotérz Maty village (Poland, 50°43’57”N; 180°03’92”E; 1025 inhabitants). The
measurement site was located on the meadows area - 9.5 km north-east from the city of
Opole, 1.6 km from the nearest rural built-up area and less than 2 km from the border of
area NATURA 2000 (PLB160004).
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In the research high-volume (68 m3/h), automatic dust sampler was used.
Measurements were provided according to/with accordance of (BS EN 12341:1999
standard).

The meteorological parameters occurring during the measurements were
determined on the basis of indications of a portable weather station Davis Vantage Vue®.
The sensors, which determined relative humidity (RH), temperature (T), atmospheric
pressure (Ap), wind speed (Ws), wind direction (Wd) and precipitation intensity (R),
were installed at a height of 2 m above the ground and 10 m from the dust sampler.

Concentrations of PM1p were measured just before atmospheric precipitation (Co)
and after 0.5 h of duration (Ci). During the 7-year measurement campaign, 161
observations of convective liquid precipitation (K), 192 observations in terms of large-
scale liquid precipitation (W), and 77 observation in terms of large-scale solid
precipitation (S) were analyzed.

One of the atmosphere components is water vapor. Its influence on PMjo elution
from troposphere has to be considered under below-cloud wet deposition processes. It
is reasonable to assume that absolute concentration of water (absolute humidity) in air
affects effectiveness of PM removal from atmospheric air (Kyro et al.,, 2009). Removal of
PM from air requires contact of a matter particle with surface of water drop. Though the
surface area of a drop with a given mass depends on its size, the total number of drops is
related to absolute humidity. It can be assumed that a probability of PM immobilization
in water drop depends on number of drops and hence on the absolute humidity of air.

To describe the changes in the PM19 mass concentration after precipitation, series of
linear models were created, in which, the explanatory variables were; the level of PM1o
before precipitation, absolute humidity of the air and the type of precipitation. The
criteria for selection of the best model were: high coefficient of determination, normal
distribution of model residuals, homoscedasticity of decomposition residues, and results
of linearity relationship tests. Parameters of the model were estimated using ANCOVA
method. Distribution of error term e was assessed with help of normal quintile -
experimental quintile plots. Normality of error term e was verified using Shapiro-Wilk
test. Assessment of relation linearity was made with “rainbow” and “RESET” tests.

RESULTS AND CONCLUSIONS

The relationship between Co and C; was studied. Commonly, in estimation of
washing effectiveness a Co/ C1 ratio was considered. Utilization of Co and C1 proportion
imposes a linear model of the relationship between concentrations. To verify whether
concentrations proportion is appropriate in description, the relationship between Co and
C1 was examined. Table 1 shows statistical parameters of measured physical quantities.

Research and tests have shown no conclusive relationship between the intensity of
precipitation and decrease the PMip mass concentration. On the other hand, it was
assumed that the water dispersed in atmosphere controls a process of PMs removal
(Laakso et al,, 2003). But in contrast to usually considered in studies relative humidity
(Pudykiewicz, 1989, Paramonov et al.,, 2010, Kyro et al.,2009), in this work absolute
humidity Wb [ug-m-3] was used. This approach was derived from the simple idea that
washing effectiveness is directly related to the volume of the water dispersed in the air.
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Tab. 1: Statistical parameters of temperature (T), relative humidity (RH), precipitation
intensity (R), wind speed (Ws), PM1o mass concentration before (Co) and after 0.5 h of
precipitation (C1) for observed types of hydrometeors (during measuring period).

R Ws Co C1
[mm/h]  [m/s]  pg/m3  pg/md

For (K); n=161

T[°C] RH[%]

MIN 8.50 0.58 0.20 0.00 3.40 2.70

MED 18.9 0.84 0.80 2.30 16.2 13.6

MAX 28.9 0.94 7.40 16.3 46.0 44.0

AVG 19.0 0.81 1.56 3.13 16.9 13.9

SD 3.63 0.12 1.71 291 7.79 6.56
For (S);n=77

MIN -10.4 0.59 0.20 0.00 4.20 3.50

MED 0.90 0.87 0.40 3.20 25.0 211
MAX 4.30 0.95 1.90 19.6 54.0 46.0

AVG 0.43 0.85 0.51 4.21 26.0 21.6
SD 2.50 0.07 0.35 4.60 12.0 9.77
For (W); n=192
MIN 1.60 0.63 0.20 0.00 3.00 2.60
MED 10.1 0.87 0.40 2.30 20.0 18.0
MAX 27.2 0.99 5.10 58.8 59.0 49.0
AVG 10.2 0.84 0.67 3.99 19.9 18.1
SD 4.46 0.09 0.67 5.83 8.12 7.73

A linear model describing reduction of atmospheric PM1o concentration in relation
to the fall type and absolute humidity was proposed (1):

Cl CO
|H(Wb) =P In(sj + Loy, (1)

where, Wb - absolute humidity [mg-m-3], #; - slope of the line, S - constant = 1 [ug-m-3],
Box - three different dimensionless itercepts, for x = (K), (S), (W), respectively.

Using the relationship between temperature and relative humidity and the amount
of water vapor expressed strictly, in accordance with the (WMO, 2008) value was
calculated absolute humidity Wb.

Table 2 shows the values of structural parameters Bx and their standard errors SEBx
for adopted linear equation. The values of all the structural parameters are non-zero,
due to the probability values for t-test results. The high values of F statistics (1,42-102
for (K) 1,12-102 for (S) and 1,38:102 for (W))confirmed the significance of the linear
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model. Simultaneously, corrected R? 0,81 (K), 0,93 (WS) and 0,71 (W) indicates, that
the interdependence of absolute humidity of air and the concentration before
precipitation with a high proportion explains the variability of PM1o values after liquid
and solid short-term precipitation.

Tab. 2: The values of structural parameters and their standard errors.

Parameter Be SEpx t p-value
Pok -2,850 0,099 -29 <2-1016
Lows -1,739 0,085 13 <2-1016
Low -2,281 0,038 15 <2-1016

il 1,031 0,036 29 <2-1016

Figure 1 illustrates the relationship between the experimental values and predicted
by the model. No dependence of slope on the type of precipitation suggests immutability
of mechanism for the process of reducing the concentration of PMio. Variability o
reveals variable depending on the type of precipitation, and thus removal efficiency of
PM 1o by different types of precipitation.

1.2

s K
A, S TSN
0.8 w 5 oA

0.6 1.0 1.4 1.8
log (Co)
Fig. 1: The graphical presentation of linear model with steady slope of the line and
typical for a given type of precipitation intercepts.

Figure 2 shows the results of analysis of residuals.The distribution of points and
Shapiro-Wilk test results confirm normal distribution of residues. Cook’s distances of
the points (<0.05) indicate the lack of evidence of the occurrence of values significantly
influencing the change in the regression coefficient. It occurs here insignificant
heteroskedasticity, which does not affect the applicability of the model. Results of
Rainbow (p=0.27) and RESET (p=0.13) tests confirm the linear relationship between
variables.
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Fig. 2: Q-Q plot (left), Cook’s distance (middle) and residuals vs. fitted values (right).

Positive validation of residues and structural parameters of the model allowed for
the acceptance of the application forms (2). Graphical comparison of experiment and
model result shows Fig. 3.
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Fig. 3: Experiment and model results comparison

In all cases there are statistically significant commensurable results. High (rainfall
(K); 0,86 and (W); 0,81) and very high (snow (S); 0,95) correlation between field
measurements and the model results were found.

Finally, it can be stated that simple equation, the high compatibility of the model
with actual results and the possibility of implementation for each type of precipitation
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causes that formulated linear model can be a useful tool for predicting changes in the
concentration of particulate matter following the short-term precipitation.
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INTRODUCTION

Particulate matter (PM) is omnipresent pollutant in the ambient air known to cause
cardiovascular and respiratory diseases (WHO 2004). Recently, outdoor air pollution
and particulate matter in outdoor air pollution were classified as carcinogenic to
humans, Group 1 (IARC 2015). Especially, ambient PM of aerodynamic diameter < 100
nm, ultrafine particles, appears to be of great importance due to its high specific surface
area and high number concentration (Hughes et al. 1998). Ultrafine particles also easily
enter and are being transferred in organisms, and interact with cells and subcellular
components (Oberdorster et al. 2005). As the evidence of ultrafine PM significance
increased, size-fractionated PMs sampled by various cascade impactors have been
employed into the toxicological studies on cell cultures or isolated cells, using the
organic extracts of size-fractionated PMs (Topinka et al. 2013, Topinka et al. 2015) or
directly the size-fractionated particles (Becker et al. 2003, Ramgolam et al. 2009,
Reibman et al. 2002, Loxham et al. 2013, Jalava et al. 2006, Thomson et al. 2015, Jalava et
al. 2015). The aim of this study was to evaluate shape and composition of size-
segregated aerosol particles, sampled by high volume cascade impactor, using electron
microscopy and energy dispersive X-ray spectroscopy (EDX).

EXPERIMENTAL SETUP

Ambient air aerosol particles were collected in Prague city center (GPS: 50.072068,
14.423721) at the flow-rate of 900 L.Lmin-! by high-volume cascade impactor (HVCI BGI
900, USA). The impactor was placed on the roof of a mobile station at a height of 4 m.
Microscopic formvar coated copper grids (300 mesh grid, Agar Scientific, Austria)
prestabilized with evaporated carbon film were placed on the surface of polyurethane
foam (PUF) impaction substrates on each floor of the high volume cascade impactor.
Aerosol particles were fractionated into coarse (1 - 10 pm, denoted B), upper
accumulation (0.5 - 1 pm, denoted C) and lower accumulation (0.17 - 0.5 pm, denoted
D) fractions. Last stage, ultrafine fraction (< 170 nm, denoted E) was modified by
replacing ultrafilter with PUF plate with five grids. Sampling of the ambient air lasted for
20 hours from 9t March to 10t March 2015 (1183 min., i.e. 1065 m3 of air in total).
Microscopic copper grids were kept in a storage box at room temperature in a
dessicator.
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Aerosol particles trapped on copper grids were observed using transmission
electron microscope EM Philips 208 S Morgagni (FEI, Czech Republic) at a voltage of
80 kV without any modification. Energy dispersive X-ray spectra (EDX) of particles
captured on microscopic copper grids were measured by silicon drift detector APOLLO X
(EDAX, USA) installed at scanning electron microscope Magellan 400L (FEI, Czech
Republic) and operating in scanning transmission mode. The acceleration voltage 30 kV
and probe current 1.6 nA in field free mode were used.

RESULTS AND DISCUSSION

The overview of particles identified by EDX analysis in size-segregated samples is
shown in Tab. 1. Microscopic techniques revealed that clusters or chains of carbon
nanospheres, termed here nanosphere-soot (ns-soot) (Buseck et al. 2014) occurred in
every fraction. In fraction B, some clusters of ns-soot reached several micrometers size
(Fig. 1). Similar large clusters of ns-soot occurred also in fraction C. According to EDX
analysis, fraction B (Fig. 1) contained predominantly rock-forming minerals, among
which Ca-amphibol, klinopyroxene, quartz, calcite, and biotite were determined.
Spherical particles with diameter 2 um and 630 nm were identified as aluminosilicate
(dominating elements Si, Al, K, Na, Fe), probably originating from some high
temperature industrial combustion process. Moreover, metallic particle of irregular
shape containing Fe with diameter 200 nm was found.

In fraction C, carbonaceous particles occurred in form of ns-soot and in form of
larger individual spheres (Fig. 2). At higher magnitude (100.000x), smaller particles (10
- 25 nm) were found on the surface of some carbon nanospheres. Although they were
not identified by EDX, it may be assumed, that these nanoparticles are metals
individually attached to surface of carbon nanospheres (Miller et al. 2007). Next,
inorganic particles as Ca sulphates and sulphides, K-aluminosilicates, and high-
temperature produced Fe-aluminosilicates were found. Agglomerates of spherical
metallic nanospheres (diameter from 17 nm or less to 80 nm) with Fe as a dominating
element and Mn, S, Si, K in minor amount were identified as well.

Fraction D contained ns-soot, carbonaceous particles, and particles sensitive to
electron beam (containing K, Na, S), which had in several cases crystal structure.
Additionally, metallic nanospheres (diameter from 19 nm and less, up to 120 nm) with
Fe as a dominating element and Mn, Si, S in minor amount were identified (Fig. 3).

Tab. 1: Types of particles identified by EDX analysis in the PM size fractions

Fraction Particles identified by EDX analysis

Minerals - Ca-amphibol, klinopyroxene, quartz, calcite, biotite; high-
temperature produced iron-aluminosilicate spheres; ns-soot; metallic particles.

B(1-10 um)

Carbonaceous particles; ns-soot; inorganic particles (calcium
C(0.5-1pm) [sulphates/sulphides, potassium aluminosilicate; high-temperature produced
iron-aluminosilicate spheres); metallic nanospheres (iron-rich).

Ns-soot; carbonaceous particles; inorganic particles (potassium/natrium

D (0.17-0.5
( Hm) sulphates); metallic nanospheres (iron-rich).

Ns-soot; carbonaceous particles; inorganic particles (calcium/potassium
sulphates).

E (<0.17 pm)
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Ultrafine fraction E contained ns-soot (Fig. 4), carbonaceous particles, and inorganic
particles, which were sensitive to electron beam. The inorganic particles consisted
predominantly of Ca or K and S, while possible occurence of C and O was not exactly
determinable as these elements occurred as background on formvar membrane.
Interestingly, metallic particles were not found in the fraction E, although the presence
of metals could not be excluded in the ultrafine fraction.
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CONCLUSION

Combination of electron microscopy with EDX analysis allowed us to perform the
semiquantitative detection of elemental composition of single particles. Although there
were differences in the composition of fractions (Tab. 1), ns-soot occurred in all size
fractions and certain types of particles were found in fractions where not expected, e.g.
metallic nanospheres in fraction C and D. This might be an important finding, because
such fractionated samples are used for chemical analysis and toxicological studies
(Jalava et al. 2006; Jalava et al. 2015; Pennanen et al. 2007; Thomson et al. 2015;
Topinka et al. 2013; Topinka et al. 2015). Certain nanoparticles may thus be impacted on
larger size fractions and therefore not included in the ultrafine fraction sample, as
shown for Fe-rich nanospheres in our study, although iron belongs to the most abundant
metals detected by chemical analysis of ultrafine fractions in several studies (reviewed
by Sanderson et al. 2014). While providing toxicological studies of size fractionated
samples, it is advisable to be aware that the fractions are not clearly size differentiated,
as the particles may be impacted in form of agglomerates or smaller may adhere to
larger particles.
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INTRODUCTION

Particles containing copper are emitted from smelters, iron foundries, power
stations, and municipal incinerators (WHO, 1998) and also from brake linings during
breaking, Kukutschova et al. (2011). Nanoparticles (NPs) of copper are ingredients in
polymers, inks, and bioactive coatings inhibiting the growth of microorganisms, Cioffi at
al. (2005), and CuO NPs has been used in antimicrobial textiles, Gabbay and Borkow
(2006), therefore they can be easily inhaled. Even though CuO NPs were found highly
toxic, Karlsson et al. (2008), in vivo studies of their toxicity are still rather rare. In this
work we tested a method of long lasting nanoparticle generation from copper
acetylacetonate (CuAA) for use in follow up exposure experiments with laboratory
animals. The exposure chamber for inhalation experiments was constructed in the
Institute of Analytical Chemistry AS CR (Vecera et al., 2011) and some methods of NPs
generation for these experiments were already tested in our laboratory (Moravec et al,,
2015, Moravec et al., 2016).

EXPERIMENTAL SETUP

Experiments were performed in an externally heated work tube with i. d. 25 mm
and the length of heated zone 1 m. Total length of the work tube made from impervious
aluminous porcelain (IAP) was 1.5 m. Inlet section arrangements for thermal
decomposition of CuAA vapours in an inert atmosphere (pyrolysis) and in the mixture of
nitrogen and air (oxidation) are shown in Figure 1. In this study, only the results of CuAA
pyrolysis are presented. The particle production and characteristics were studied in
dependence on reactor temperature (7r), reactor flow rate (Qr) and precursor vapour
pressure (Pcuaa). Pcuaa was controlled by the saturator temperature (7Ts) and saturator
flow rate (Qs) and its values in the saturator were calculated from the equation
(Nassibulin et al., 2001):

1_41707)

(7.6
P an(Pa) =1000x 10 Ts () (1)

valid in the temperature range from 80 to 190 °C. Experimental setup was described in
more detail by Moravec et al. (2015). Particle production in the form of particle size
distribution was monitored with a scanning mobility particle sizer (SMPS, TSI model
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3936L75) and the samples for particle characterization were deposited onto Ni TEM
grids, covered with C-foil, using a nanometer aerosol sampler (NAS, TSI model 3089)
and on cellulose, quartz, Zefluor and Sterlitech Ag filters. The particle characteristics
were studied with high resolution transmission electron microscopy (HRTEM, JEOL
3010, samples on TEM grids), energy dispersive spectroscopy (EDS, INCA/Oxford
connected to JEOL 3010, TEM grids), inductively coupled plasma - optical emission
spectrometry (ICP-OES, Agilent 4200 MP-AES, cellulose filters) and X-ray diffraction
(XRD, Bruker D8 Discover diffractometer, Ag filters). Interpretations of selected area
electron diffraction (SAED) patterns were performed using program ProcessDiffraction
(Labar, 2008, Labar, 2009).

PYROLYSIS

air

N, + CuAA(9g)

OXIDATION

Fig. 1: Scheme of the inlet section arrangements for pyrolysis and oxidation of CuAA.
RESULTS AND CONCLUSIONS

NPs production was studied during one experimental campaign with duration of
102 h and it is shown in dependence on experimental parameters Tr (500-700 °C), Ts
(120-133.5°C), Qr (800-1200 cm3/min) and Qs (80 — 150 cm3/min, i.e. 10-12.5 vol. % of
Qr) in Figure 2. Particle production in Figure 2 is represented by number total
concentration N; and geometric mean diameter GMD, but we have also available NPs
production in mass total concentration M: (ng/m?3) and surface total concentration S;
(nm2/cm3). It can be seen, that NPs production can be controlled by precursor vapour
pressure Pcuaa (controlled by Ts and Qs; NPs production increases with Pcuaa) and
depends also on Tr and Qr (NPs production increases in the range of investigated
experimental conditions both with Tr and Qr). NPs production was stable at steady state
conditions with N; high above 1x107 #/cm3. Total mass concentrations were calculated
for the standard value of particle density 1.2 g/cm3 in Aerosol Instrument Manager
software. This value might seem to be far from the density of copper or copper oxide,
but it has to be taken into account that SMPS detects agglomerates of primary particles
in our experiments, and therefore exaggerates the real total volume of detected NPs.
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Therefore this approximation seems to be appropriate in most cases. Mass
concentrations from SMPS measurements varied from 460 to 830 ug/m3 at Tr=500 °C,
1600 to 3000 pg/m3 at Tr=600 °C, and 1700 to 2000 pg/m3 at Tr=700 °C, but at Tr=700
°C, the value of Pcuaa was lower (0.14 Pa) than at Tr=600 °C (0.20 Pa). Mass
concentrations from filter measurements varied in the same order of Tr from 390 to 890
pg/m3, 1900 to 2800 pg/m3, and 3700 to 4000 pg/ms3, respectively. We can see, that at
Tr=700 °C mass concentrations from filter measurements are twice as high as the values
from SMPS, which can be apparently attributed to more dense NPS and/or NPs
agglomerates at Tr=700 °C. Emission rates from SMPS measurements varied from 1.4 to
9.0 pg/min, while from filters measurements from 1.2 to 12.1 pg/min.
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Fig. 2: Time dependence of Ny and GMD at given experimental conditions T, Ts, Qr, Qs
and Quil/2.

Morphology of NPs was studied using HRTEM and an example of HRTEM images of
the sample synthesized at Tr=500 °C can be seen in Figure 3. Primary particles are
mostly spherical, agglomerated into clusters of various sizes and the size of primary
particles varies typically in the range from 5 to 10 nm. The size of NPs synthesized at Tr
600 and 700 °C was a bit larger, typically from 5 to 15 nm.

EDS analyses detected elements Cu, O, C and Ni. Here Ni originates from TEM grid, C
mostly from grid foil and partially from carbonaceous side products of precursor
decomposition, captured in the NPs during their formation. An average O to Cu ratio
(atomic %) was close to 1, but oxygen can originate also from grid foil and side products
of precursor decomposition, so that it is difficult to deduce an oxidic form of Cu in NPs
from the results of EDS analyses. Concentration of Cu in the samples on cellulose filters
was analysed by ICP-OES method on the emission line 324.754 nm: the content of Cu
was 47.3 mass % in the sample synthesized at 500 °C and 72.9 % in the sample
synthesized at 700 °C. EC/OC analyses of the samples deposited on quartz fibre filters
showed that the content of total carbon (TC) was 20.1, 10.1 and 9.0 mass % in the
samples synthesized at 500, 600 and 700 °C, and from those values the content EC
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accounted for 8.9, 6.4 and 6.6 mass %. That means that NPs prepared at Tr 600 and 700
°C contain 10 or less mass % of TC.

P W P & XTI 5 o TR
Fig. 3: TEM images of the sample of NPs synthesized at Tr=500 °C, Qr=1200 cm3/min,
Ts=127 °C, Qs=120 cm3/min, Qpi=1800 cm3/min.

K -

XRD analysis identified NPs generated at Tr=500 °C as XRD amorphous. In the
samples generated at Tr 600 and 700 °C, XRD method identified crystalline structure of
cubic Cu, PDF 85-1326. Besides metallic Cu, in the sample synthesized at 700 °C, also
traces of cuprite (Cuz0) crystalline phase, PDF 74-1230, were identified. Mean crystallite
sizes in these samples, calculated by integral breadth method (LVol-IB), were 5.4 and 6.1
nm, respectively. These values are in quite a good agreement with primary particle sizes
detected by HRTEM. SAED method identified crystalline phase also in NPs synthesized at
Tr=500 °C, which can be seen in Figure 3 (lattice fringes), but especially from electron
diffraction in Figure 4.

Electron diffraction pattern in Figure 4 is quite weak and (outer) rings are rather
diffusive, but diffraction pattern was identified as a mixture of cubic Cu and cubic Cuz0
crystalline structures. Electron diffraction patterns of NPs generated at Tr 600 and 700
°C are much better developed, but in principle confirmed the same. However, the ratio of
cubic Cu to cubic Cuz0 crystallites is increasing with increasing Tr.
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Fig. 4: Comparison of electron diffraction pattern of NPs synthesized at Tr=500 °C,
Qr=1200 cm3/min, Ts=127 °C, Qs=120 cm3/min, Qpi=1800 cm3/min (inset and red
curve) with model diffractions of cubic Cu and cubic Cuz0.

In conclusion, the generation of NPs by CuAA thermal decomposition in an inert
atmosphere at Tr= 700 °C seems to be the favourable method for long lasting exposure
experiments with laboratory animals. The particle production rate is sufficiently high
(up to 4000 pg/m3) and can be further increased by an increase of Ts or/and Qs, and it is
stable at steady state conditions for sufficiently long time. The primary particle size is
very small, so that they have very high surface area, which is the biologically most
effective matrix for acute nanoparticle toxicity in the lung, Schmid and Stoeger (2016).
Moreover, the NPS have well defined characteristic. The content of Cu in NPs is 73 mass
%, predominantly in the form of metallic Cu, and they contain only 9 mass % of TC.
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SUMMARY

The main purpose of these experiments is to compare results of the size distribution
measurements using conventional aerosol methods with results of radioactive aerosols
measurements. Additional purpose was to compare our results with published data on
dependency of unattached fraction on aerosol particle concentration. Our data show the
limitations of the commonly used approximation to this relationship.

UvoD

Prispévek predstavuje mezioborovou spolupraci aerosolového inZenyrstvi a
radia¢ni ochrany v oblasti dosimetrie radonu. Po rozpadu (plynného) radonu dochazi ke
vzniku ,volnych“ kratkodobych preménovych produkti radonu (RnDP), které nejsou
deponovany na aerosolové castice. Vtomto stavu maji rozmér kolem 1 nm a takto
mohou ve vzduchu setrvat az 100 sekund. Poté se RnDP deponuji na aerosolové Castice.
Podil nedeponované a celkové radioaktivity (,volna frakce” f,) je obecné dan velikostni
distribuci aerosolovych ¢astic a jejich celkovou koncentraci.

V soucasné dobé je uznavan vztah mezi koncentraci aerosolovych castic a volnou
frakci navrzeny J. Porstendorferem (1987). Zde neni brana v potaz velikost aerosolu.

POPIS EXPERIMENTU

Stanoveni aktivitni velikostni distribuce radioaktivnich aerosolovych castic bylo
provedeno pomoci difuzni baterie navrzené dle R. F. Holuba a E. O. Knutsona [2]. Baterie
je sestavena z 10 difuznich m¥izi o priiméru 3 cm a mikrovlaknitého podlozniho filtru,
ktery zajiStuje zachyt aerosolovych castic proslych systémem difuznich mfiizi. Pri
odbérové objemové rychlosti 3 1/min umoziuje tato difuzni baterie urceni velikostniho
spektra radioaktivnich Castic v rozsahu od 0,1 do 100 nm. Aerosolové castice bez ohledu
na deponovanou radioaktivitu byly vzorkovany pomoci SMPS 3936 s long (3081) a nano
(3085) DMA.

VYSLEDKY A DISKUZE

Srovnani vysledkd stanoveni velikostni distribuce ,obecného” a radioaktivniho
aerosolu presentuje Obr. 1. Zde EER je ekvivalentni objemova aktivita radonu
(kombinace objemovych aktivit RnDP). Z prvotniho porovnani je zfejmé, Ze na veétsi
aerosolové castice je deponovano vice radioaktivnich ¢astic. Velikost ,volnych“ RnDP
byla pri vSech provedenych experimentech vrozsahu od 0,3 nm do 3 nm s hlavnim
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velikostnim modem 0,7 nm. U vSech provedenych experimentii byl ve spektru
identifikovan pouze koagula¢ni méd. Na Obr. 2 je presentovdno porovnani mezi
Porstendorferovym vztahem a vysledky ndmi provedenych experimentd.
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Obr. 1: Srovnani stanoveni velikostni distribuce “obecného” a radioaktivniho
aerosolu

Data Porstendorfera (kiivka) byla ziskana po méteni v bytech atp., kde byl hlavni
velikostni moéd od 100 do 300 nm. V naSich experimentech byla velikost aerosolu o vice
nez rad mensi. Je ziejmé, Ze depozice na tak malé Castice je vyrazné mensi a vétSina
RnDP je stale ve ,volné“ (unattached) formé i kdyz koncentrace aerosolil je relativné
vysoka.

Unattached fraction, f

100 1000 10000 100000

Aerosol particle concentration, Z [cm3]

e Porstendorfer B SUJCHBO

Obr. 2: Porovnani empirického vztahu s nasimi vysledky z radon-aerosolové
komory (f, - volna frakce, Z - celkova koncentrace aerosolovych ¢astic)

ZAVER

Traduje se, Ze zdravotni Gjma zplisobend inhalaci produkti pfemény radonu je
pirevazné dana jejich nanometrovou (nevazanou) ¢asti. Tato nemuze byt dedukovana jen
z celkové pocetni koncentrace aerosolli, je tfeba vzit vuivahu i velikostni distribuci
aerosolovych castic.
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INTRODUCTION

The main aim of this contribution is to present setup for calibration of optical
particle counters at Czech Metrology Institute (CMI). This setup was built to perform
calibrations according to ISO 21501 standard (ISO 21501-4, 2007). This standard will be
described during oral presentation. The second line of this contribution is devoted to
current research at CMI that aims to improve the calibration procedure, measurement
uncertainty and broaden the scope of performed calibration measurements. After short
overview of principles of light scattering by particles (Bohren, 2008), results of
numerical simulations explaining relation between the particle size and angular-
dependent scattered light intensity will be shown in oral presentation. Finally, results
obtained using custom build particle counter will be presented.

EXPERIMENTAL SETUP

The calibration system consists of several individual systems - production of clean
air, aerosol generation, particle classification, reference particle counters, flow meters,
etc. The main parts are described as follows: An air compressor was used to produce
pressurized air, which was later cleaned using separators and filters. TSI 3076 atomizer
was used as a particle generator. Bottle of atomizer was filled by colloidal suspension of
Thermo ScientificTM Duke StandardsTM polystyrene particles with certified mean
diameters in water (conductivity of 1.3 uS/cm). Electrostatic classifier is further used for
processing of aerosol. Two commercial particle counters are used as reference ones: TSI
AeroTrak 9310-2 optical particle counter and TSI 3772 condensation particle counter.

In our custom build particle counter, we employ a continuum light source. The
intensity of scattered light is measured using an amplified photodetector (Si detector
element, wavelength range of 200-1100 nm).
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RESULTS AND CONCLUSIONS

Calibration setup for optical particle counters that is currently used at CMI was
briefly introduced. The oral presentation will summarize current calibration services
related to particle counters at CMI. Examples of measurements on calibration setup,
results of numerical simulations and measurements of custom build particle counter will
be shown during the presentation as well.
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INTRODUCTION

lon beam analytical methods as PIXE (Particle induced X-ray emission), PIGE
(Particle induced gamma-ray emission) and RBS (Rutherford backscattering
spectrometry) are frequently used for elemental analysis of different types of
atmospheric aerosol samples in a form of aerosol deposits on thin plastic filters or foils
(Alfassi and Peisach, 1991, Johansson and Campbell, 1988). An ideal sample for analysis
is thin homogeneous aerosol deposit with known deposit area. However in practice such
samples are rare. They are often thick (more than limit for thin target approximation i.e.
larger then few hundred micrograms per square centimetres), of irregular shape and
unknown deposit area. In such conditions all obtained elemental mass results should be
corrected for apparent deposit thickness, deposit homogeneity and effective deposit
area. As an example we can consider aerosol deposits from Dekati SDI (Small Deposit
Area Impactor) which collects aerosol particles in 12 size fractions in the size range of
45 nm - 8.5 um. The aerosol samples from SDI are well suited for PIXE analysis as the
aerosol deposit area are small (less them 8mm diameter) and large portion of deposit or
even full deposit area can be covered by the proton beam. The problem starts if the
proton beam is smaller than the deposit area or if it is not homogeneous over the beam
cross section. Further the deposit spots (fig.1) in many cases cannot be considered as
thin, mainly for the most abundant size fraction and in the case of high aerosol
concentration or long collecting time.

&

Fig. 1: Aerosol deposit from SDI impactor (stages 3, 5 and 8)

EXPERIMENTAL

With the Tandetron 4130MC accelerator, in current experimental arrangement, it is
difficult to adjust homogenous beam over the beam spot larger them 5x5 mm which did
not cover the whole deposit area. In order to determine effective deposit area for each
stage different parts of deposit were analysed with proton beam of variable beam size
ranging from 1x1mm up to 6x6 mm. Relatively good evaluation of effective deposit area,

105



which is used for determination total elemental mass in the whole deposit on each stage,
can be achieved for 4x4 mm beam spot. The deposit effective thickness, which is
important for a proper estimate of the absorption of low energy X-rays and for proper
correction of elemental concentration of low Z elements determined by PIXE, as Na, Mg,
Al, Si, Cl, S and partially also K and Ca, can be determined from the RBS spectra or from
comparison of two different measuring at two incident proton beam energies (Havranek
et al., 1999). As an alternative method the proton micro beam analysis by PIXE, RBS and
STIM (Scanning transmission ion microscopy) can be used for thickness and elemental
distribution within the single deposit spot (see fig 2.)

Fig.: Elemental distribution of S, K and Fe (left to right) ithin single deposit spot on
SDI stage no.5 (Prague metro samples) as measured by p-PIXE (scan size 1x1 mm).

RESULTS AND CONCLUSIONS

Accurate elemental concentration data can be obtained for SDI deposits aerosol
samples by combination of PIXE and RBS techniques even for the proton beam spot
smaller than the deposit area if correct determination of deposit effective area and
proper estimation of the apparent deposit thickness are considered.
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SUMMARY

The contribution deals with concentration of ultrafine particles in the dust of
workplace environment. Its purpose is to obtain primary information about the
exposure of ultrafine particles. In the last decade of years, it increases to use of
nanotechnology and nanoparticles for industry, pharmacy and for a various production.
In the field of prevention of occupational health at the present time we do not have any
concretely information about occurrence or concentration of ultrafine particles in the air
as a cause of them emission. At the time we also don’t explore of effect of the health.

UvoD

Ultrajemné Castice (nanoaerosdl) boli pritomné v ovzdusi aj v minulosti. Vznikali
ako neZiaduci produkt pri spalovani, horeni, teda pri poZiaroch ¢i sopecnych erupciach.
Na druhej strane I'udstvo uz v davnej histérii, napriklad v Perzii v 10. storo¢i pred nasim
letopoctom, nevedomky pouZivalo nanocastice - zlaté (Au) ¢i strieborné (Ag) -
na vyrobu keramickych trblietavych glazir s ddhovymi farbami. Neskér sa v 14. storoci
samotna technika zdokonalila na izem{ Spanielska a presunula sa dalej do celej Eurépy.
Nanocastice sa pouzivali aj v starovekom Egypte na dusevnu ocistu.

Nanotechnoldgie, vyroba nanocastic aj ich neZiaduce uvoltiovanie sa do ovzdusia,
vody ¢i pody nabera na intenzite poslednych 10 - 20 rokov, ¢o suvisi sich cielenou
vyrobou, narastom automobilovej dopravy (spalovanie benzinu, nafty), narastom
leteckej dopravy, navratom kdomdcemu spalovaniu tuhych paliv, najmi cez
vykurovaciu sezdénu, so spalovanim odpadu vspalovniach ¢i s vyuzZivanim
nanotechnol6gii v medicine (Nohavica, 2011, Sovova a Koci, 2012).

Ciel' prispevku: Posudenie rizika pri moZnej expozicii ultrajemnym casticiam
v pracovnom priestore.

METODY MERANIA
Meranie ultrajemnych castic sa vykonalo na dvoch pracovnych miestach (Harkovy

ofset a Kniharenl) v tlac¢iarenskej vyrobe. Na Kkvantitativnu analyzu sa pouzil
kombinovany systém na meranie nanocastic, pozostavajuci z kombindacie pristrojov na

107


mailto:schwarz@is.tuzvo.sk
https://is.tuzvo.sk/pracoviste/pracoviste.pl?id=46;nerozbaluj=1;lang=cz
https://is.tuzvo.sk/pracoviste/pracoviste.pl?id=46;nerozbaluj=1;lang=cz
mailto:dado@is.tuzvo.sk

monitorovanie ultrajemnych castic v rozsahu (10nm - 10 pm). Systém je tvoreny
pristrojom Nanoscan SMPS 3910 a optickym citaCom castic OPS 3330. V nasledujuice;j
tabul'ke si uvedené meracie pristroje.

Tab: 1: Pouzité meracie pristroje

Prietok vzduchu Pocet

Typ pristroja Meraci rozsah + neistota - U kanalov
Nanoscan SMPS 3910 10nm -420nm  0,751/min. +10% 13
OPS (Optical particle sizer 3330) 0,3 um - 10 um 1,0 1/min. +5% 16

PoCas merania boli sledované mikroklimatické faktory pracovného prostredia
pristrojmi:

- teplota teplomerom Testo 610,

- relativna vlhkost vlhkomerom Testo 610,

- prudenie vzduchu v okoli anemometrom Testo 425,

- atmosféricky tlak v deit merania tlakomerom Testo 611.

V nasledujucej tabul'ke si uvedené hodnoty mikroklimatickych faktorov v miestach
merania.

Tab. 2: Mikroklimatické faktory prostredia

Miesto merania Teplota [°C] Relativna Rychlost’ Atmosfericky
vlhkost [%] prudenia tlak [kPa]
zduchu [m/s]
Harkovy Ofset 24,3 56,3 0,13 101,4
Kniharen
Viazanie, 24,2 42,9 0,12 101,4

rezanie knih

CHARAKTERISTIKA PRACOVISK A ZOSTAVENIE PROFILOV PROFESI{

Meranie sa uskutocnilo v tlaciarenskej vyrobe na pracoviskidch Harkovy ofset a
Kniharen.

Na pracovisku Harkovy ofset pracuju zamestnanci v profesii tlaiar a pomocny
pracovnik ofsetovymi strojmi (osem-, pat-, Stvor- a dvojfarebnymi). Prevadzka je
trojzmenna s osemhodinovym pracovnym ¢asom.

Pri praci obsluhuju tlatiarenské stroje, napliiajii zasobniky strojov farbami, ¢istia
strojarenskeé valce. Zamestnanci su exponovani chemickymi faktormi v ovzdusi prevazne
pri Cisteni strojov, pri nanasani farieb a obsluhe stroja.

V nasledujucej tabulke st vybrané latky, ktoré maju Skodlivé uCinky na zdravie.
Zaklasifikované su podl'a nariadenia Eur6pskeho parlamentu a Rady (ES) ¢. 1272/2008.

Na pracovisku Kniharen sa nachadzaju rézne kniharenské stroje napriklad
falcovacie stroje Heidelberg Stahlfolder, znasacky, lepicky a d'alSie. Zamestnanci profesie
knihar a pomocny pracovnik su exponovani predovSetkym pri Cisteni strojov, pri
obsluhe strojov a odstranovani farieb. Na pracoviskach sa pouziva priblizne Styridsat
ré6znych chemickych zmesi alatok, okrem toho zamestnanci si exponovani aj
papierenskym drazdivym prachom alebo inertnym drazdivym prachom.
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Tab. 3: PoZivané vybrané chem. latky pri praci

Pracovisko Nazov latky, zmesi U¢inky na zdravie
> STARKUXE YELLOW UV USL, 25,26, 27 UV Maju drazdivé ucinky, ireverzibilné
29 farba, STARKUXE YELLOW UV USL, 446 ucinky a spoésobuju senzibilizaciu
'i ug UV farba koze.
= PANTONE 872, 875 Gold/Harkova farba Akutna toxicita
Ma drazdivé uacinky, obsahuje
- Cistiace prostriedky: samovolne reagujuce latky a
'l KAMI DRL, XSL, 2001/CTP, SALINOFIX a predstavuje aspiracné
8 d'alsie nebezpecenstvo.
§ Petrolej letecky JET - Al/Kniharen, Je horlavy, ma drazdivé ucinky a
konvencn4, rota¢na tlac a d'alSie predstavuje aspirac¢né
nebezpecenstvo.
VYSLEDKY A DISKUSIA

V nasledujucich grafoch a tabulkdch st zndzornené merania, ktoré porovnavaju
koncentracie ultrajemnych c¢astic meranych vo vyrobe - Harkovy ofset a Kniharen
vzhl'adom na pozadie.

Koncentracia [pug/m3]

o

0002 0.0011 0.0027 0.0099 0.024 0.0642

0.2094

11.5

15.4 20.5 27.4 36.5

48.7
Aerodynamicky priemer [nm]

64.9

86.6

2.6159

115.5 154.0 205.4 273.8 365.2

Obr. 1: Vel'’kostna distribucia ultrajemnych Castic, pracovisko Harkovy ofset v rozsahu od

11,5 nm do 365,2 nm.
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Obr. 2: Vel'’kostna distribucia ultrajemnych Castic na pracovisku Harkovy ofset v rozsahu
od 0,425 - 9,0 pm.

Tab. 4: Vysledky

Aerodyn. Koncentracia Koncentracia Aerodyn. Koncentracia Koncentracia
priemer [ng/m3] Pozadie priemer Harkovy ofset Pozadie
[nm] Harkovy [ng/m3] [nm] [ng/m3] [ng/m?]
11,5 0.0002 0.000 0.425 4.28 0.371
15,4 0.0011 0.001 0.475 3.45 0.191
20,5 0.0027 0.002 0.55 11.16 0.131
274 0.0099 0.006 0.65 6.56 0.072
36,5 0.024 0.015 0.75 7.15 0.116
48,7 0.0642 0.037 0.90 16.32 0.056
64,9 0.2094 0.088 1.15 23.08 0.056
86,6 0.6703 0.205 1.45 16.84 0.105
115,5 1.6207 0.383 1.8 89.07 0.138
154,0 2.6159 0.454 2.4 73.10 0.124
205,4 1.926 0.104 3.9 113.60 0.575
273,8 0* 0.086 5.5 37.95 0.633
365,2 0* 0.207 7.0 69.10 1.624
9,0 74.18 0.838

* pod hranicou detegovatelnosti pristroja

Z nameranych vysledkov je zrejmé, Ze koncentracia ultrajemnych castic vzrastala
vzhl'adom na pozadie pri aerodynamickych priemeroch castic 115,5 nm, 154,0 nm,
205,4 nm, ¢o by sme charakterizovali ako frakcie ultrajemnych ¢astic v nanorozmeroch.
Narast bol pozorovany vzhladom na pozadie aj pri priemeroch 64,9 nm a 86,6 nm.
NajvyssSie koncentracie boli dosiahnuté pri aerodynamickych priemeroch 1,8 pm, 2,4
um, 3,9 ym, 5,5 pum, 7,0 a 9,0 um, teda pre respirabilné a vysoko rizikové respirabilné
frakcie.
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Vysledky merania na pracovisku Kniharen
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Obr. 3: Vel'kostna distribucia ultrajemnych Castic, pracovisko Kniharen v rozsahu od

11, 5 nm do 365,2 nm.
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Obr. 4: Vel'kostna distribucia ultrajemnych Castic na pracovisku Kniharen v rozsahu od

0,425-9,0 um.
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Tab. 5: Vysledky

Aerodyn. Koncentracia Koncentracia Aerodyn. Koncentracia Koncentracia
priemer [ng/m3] Pozadie priemer [ng/ms3] [ng/ms3]
[nm] Kniharen [ng/m3] [nm] Kniharen Pozadie
11,5 0.0005 0.0005 0.425 0.49 0.371
15,4 0.0017 0.0017 0.475 0.37 0.191
20,5 0.0027 0.0027 0.55 1.09 0.131
27,4 0.0075 0.0075 0.65 0.69 0.072
36,5 0.0193 0.0193 0.75 0.80 0.116
48,7 0.0485 0.0485 0.90 1.87 0.056
64,9 0.1277 0.1277 1.15 2.72 0.056
86,6 0.3306 0.3306 1.45 2.07 0.105
1155 0.6711 0.6711 1.8 10.73 0.138
154,0 0.8747 0.8747 2.4 12.11 0.124
2054 0.2652 0.2652 3.9 28.92 0.575
2738 0.000* 0.0000 5.5 13.78 0.633
365,2 0.000* 0.0000 7.0 29.19 1.624
i - 9,0 35.81 0.838

* pod hranicou detekovatel'nosti pristroja

Z nameranych vysledkov koncentracie ultrajemnych Castic vyplyva, Ze sa dokazal
narast vplyvom vyroby vzhl'adom na pozadie predovsetkym pri aerodynamickych
priemeroch 64,9 nm, 86,6 nm, 115,5 nm, 154,0 nm, 205,4 nm a 1,8 pm, 2,4 um, 3,9 um,
5,5 um, 7,0 um a 9,0 pm.

VYSLEDKY, DISKUSE, ZAVERY

Z definicie ultrajemnych castic, nanocastic (nanoaerosdly) vyplyva, Ze su
charakterizované fyzikadlnymi vlastnostami, chemickymi vlastnostami, velkostou,
povrchom, ich distribliciou aspravanim sa v ovzdusi (napr. zhlukovanie castic,
sedimentacia, agregacia, adhézia a podobne). Su to objekty, ktoré maju aspon jeden
rozmer mens$i ako 100 nm. Nanocastice teda mézu byt izometrické (vSetky tri rozmery
Castic si menSie ako 100 nm), mézZu mat tvar vlasocnic (dva rozmery Castic su mensSie
ako 100 nm) alebo mo6Zu mat tvar filmu (jeden rozmer maji mensi ako 100 nm). Medzi
nanocastice patria aj takzvané bionanoobjekty, teda Castice, ktoré su sucastou Zivej
prirody (Fojtik, 2014, Vogen, 2016).

Ultrajemné castice pre svoju vel'kost mézu prechadzat cez epitel tkaniv a vniknut
do intersticialnych tkaniv. Objavuje sa pri nich aj medzibunkovy transport.

Pri nanocasticiach sa vyskytuji aj Specifické mechanizmy prenikania - moZu
prenikat do mimoplicnych organov (pecen, oblicky, nervovy systém) z krvného riecista
alebo mézu byt transportované cestou axonov senzitivnych nervov do centralnej
nervovej sustavy. Z vyskumov sa ukazuje, Ze pre svoju vel'kost I'ahko prenikaju aj cez
pokoZku a sliznice.
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V sucasnosti slovenska legislativa nepozna hygienicky limit pre ultrajemné castice.
Limity su stanovené v inhalovatel'nej aj v respirabilnej frakcii pre niektoré aerosoly s
prevazne fibrogénnym ucinkom (napr. kremen, grafit, zlievarenské pevné aerosoly a
dalSie), s fibrogénnym ucinkom len v inhalovatelnej frakcii (SiOz , zvarac¢ské pevné
aerosoly), pre aerosoly s neSpecifickym dc¢inkom (napr. Zelezo, ¢adic, uhlie, vdpenec a
d'alSie) a pre aerosoly s drazdivym tucinkom (papier, drevné pevné aerosoly, aerosoly z
pneumatik a d'alsie.).

Vyhlaska ¢. 244 /2016 Z. z. o kvalite ovzduSia stanovuje limit pre PM1o 50 pg/m3 a
pre PM2,5 25 pg/m3.

VYHLASKA MZSR & 259/2008 Z. z stanovuje limit pre ¢astice PM10 teda 50um pre
obytné prostredie.

Niektoré svetové organizacie stanovili odporucané limitné hodnoty pre expoziciu
vybranych ultrajemnych castic. My uvadzame vybrané z nich.

Pre ultrajemné castice NIOSH (The National Institute for Occupational Safety and
Health) odporucil ako nezavaznu hodnotu limit pre pracovnu expoziciu PEL (expozi¢ny
limit pre ¢loveka) TiOz 0,1 g/m3v roku 2005, PEL 1,5 mg/m?3 v roku 2006.

Okrem oxidu titani¢itého existuji dalSie odporucané expozicné limitné hodnoty,
ktoré odporuca napriklad OSHA (2013) pre striebro - 0,01 mg/m3, PEL pre kremeii 0,1
mg/m3 ¢i pre uhlikové vlakna 1,0 ug/m 3 , PEL pre uhlikové nanotrabky MWCNT 0,05
mg/m3, ¢i pre oxid cericiti 0,0002 mg/m3 (OSHA, 2013, Skiehot, 2011, Nohavica, 2011).

Ked'Ze d’alSie limitné hodnoty nie su zname, je déleZité robit vyskum v problematike
expozicii ultrajemnym casticiam, aby sa ziskali informacie o ich vyskyte v pracovnom,
zivotnom ale aj obytnom prostredi.

ZAVER

NaSim prispevkom sme chceli skimat vyskyt ultrajemnych Castic v polygrafickom
priemysle. Predpokladali sme, Ze na pracovisku sa pouZiva mnoZstvo chemickych latok a
zmesi, ktoré mo6zu 'ahko prenikat do organizmu, ak su v rozmeroch nm alebo pum.

Z vysledkov je zrejmé, Ze sa nasli mierne zvySené koncentracie na pracoviskach
Harkovy ofset a Kniharen vzhladom na pozadie pre castice s aerodynamickymi
priemermi 86,6 nm, 115,5 nm, 154,0 nm a 205,4 nm, vacSie koncentracie sa preukazali
pri Casticiach s aerodynamickym priemerom od 1,9 pum az 9,0 pm. Ciel'om prispevku je
podat informaciu o koncentraciach ultrajemnych castic vzhladom na expoziciu
zamestnancov a Cistotu ovzduSia pracovného priestoru. Frekvencné spektrum
ultrajemnych Castic v ovzdusi pre danu vyrobu méze byt pre nu Specifické.

Na zaklade merani by sme odporucili sledovat vybrané faktory chemickych latok v
krvi ¢i v moci a vykonat opatrenia na zniZenie expozicie zamestnancov.
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