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lnstitute of Chemical Process Fundamentals CAS, Prague, Czechia, schwarz@icpf.cas.cz
2Czech Hydrometeorological Institute, Prague, Czechia,atbp@chmi.cz

~ < sz L o~ oz

3, OAT AAO OEUOEAO )1 OOEOOOAR ~AL AO 0OAC(
Keywords: PM2.5, Chemical composition, Number concentration
INTRODUCTION

Rural background studies serve mainly to assess the lomgnge transport influence
and longterm trends. However, it is difficult to find a place with no influence of local
01 OOAAOS 4AEEO EO Al O1 OEA AAOGA T &£ +1 HAOE?
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 tha 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 eqpgxd
with PM2.5 sampling heads. Double 47 mm in diameter quarfibre filters were used in
ITA OAIiPI A0 xEEIT A 4%&,/ jt1x 11 ET AEAI8h ¢
hour sampling was done every 6 day from February 2009 till March 2010 leadingo 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 usingMSCThe
TEFLO filters were analyzed using PIXE for elemental composition. Number size
distri butions were obtained with 5min time resolution in parallel using SMPS that
measured within EUSAAR project. Average concentrations for each sampling day were
calculated in 6 size fractions: 15 nm, 2550 nm, 5080 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 coldand warm period of the year.

RESULTS ANOONCLUSIONS

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 industrpr 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 correhtions (PM2.5
correlated with sulphate (0.84), ammonium (0.84), OC (0.86%n (0.90), Pb (0.72), anK
(0.86)), the warmer season correlations were partially different. Species that may be
connected with industrial sources had similar correlation with PMZ 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 300800 nm (N300-800; r= 0.98), but also with N156300 (0.92) and
N80-150 (0.83). In cantrast, during the warm period PM2.5 correlated highly only with
particle number concentration of N30G800 (0.85). The correlation obtained forthe 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 durin g 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 (Schwaet al. 2016) to conclusion
that the aged industrial and coal combustion sources form major part of PM2.5 aerosol
AO +1T HAOEAA OEOA AOOET ¢ xAOi AO PAOEIT A8 . AOGAO
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 exhited
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, andremoval 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.a2009; 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 sumer
(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
AT A AO A OOOAI OEOA +1 HAOEAAh OAOPAAOEOAI US

EXPERIMENTAL SETUP

The following instruments were deployed during the summer and winter
measurement campaigns with a thermodenuder: Compact Tim@fFlight Aerosol Mass
Spectrometer (GToFAMS), Scanning Mobility Particle Sizer (SMPS), Filter Measurement
Analyzed by lon Chromatography (IC).

The collection efficiencies for the nonrthermodenuded sample measured by the AMS
during particular campaigns were determined by comparison of sulphate
concentrations measured by the AMS and chemical analyses of PML1 filter samples taken
in parallel. The resulting vdues are following: Suchdol Summer (PS) 0.36, Suchdol
Winter (PW) 0.33, Kdetice Summer (KS) 0.25*, Kigetice Winter (KW) 0.14*,

* Uncorrected for sample dilution.

RESULTS

Figure 1 shows the ratio of thermodenuded and noithermodenuded 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.

13



TD vs NTD mass concentrations

TD vs NTD
©c ©o o o
N P O O R

o

Org S04 NO3 NH4 Chl
Chemical compounds

Suchdol Summer KoSetice Summer
B Suchdol Winter B KosSetice Winter

Fig. 1:Ratio of thermodenuded and northermodenuded mass concentraons measured
by the AMS during particular campaigns
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INTRODUCTION

PM1 nonrefractory chemical composition and concentration was measured by
Aerodyne Compact Timeof-Flight Aerosol Mass Spectrometer (AMS) during two six
weeks long summer ad winter campaigns in 20122013. The retrieved highly time
resolved data were analyzed using the SoFi graphical user interface that is developed by
Paul Scherrer Institute (Canonaco et gl2013) and is running under IGOR software
(WaveMetrics).

DATA PROESSING

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 (OA) data were analyzed by both unconstrained and
constrained technique using Multilinear engine (ME2) (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) ad two secondary OA sources. These were senwlatile
oxygenated organic aerosol (S\DOA) and lowvolatile oxygenated organic aerosol (LV
OOA). In winter season we found the same four factors but with slightly different mass
profiles. HOA traffic factor wasprobably 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 AMShese 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 ANOONCLUSIONS

As a most promising result for summer campaign seems a five factorslston with
two constrained factors. Factor HOA was constrained with rather high-@alue = 0,3,
because traffic aerosol from city center is already a bit changed when it reaches Suchdol
site. SVOA factor was also constrained withhaalue = 0,3. Other thredactors remained
unconstrained. LVOOA 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 fittinglso for data from winter campaign.
Constrained profiles were again HOA factor (mal = 0,3) and BBOA factor (@al = 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 als to nitrates. Like in summer LYVOOA
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 aersol.
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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 gportionments 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 sorces 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., 2007a,
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, Badows et al., 2015).

This study aims: to apply PMF to number size distribution data, to apportion the
aerosol particle sources over size range of 14mp Al h  OT ET OAOOECAOA
between size distribution and composition data.

EXPERIMENTAL SEJP

A sampling campaign was carried out from the % of February to the 7 of March
2014, with an isothermal mobile station, at Ostrava Radvanice residential districEive
minute integrates of particle number concentration (PNC) and number size distribudn
(PNSD)data were recorded. Ultrafine, fine and coarse particle concentrations and size
distributions were measured using a SMPS model 3936L25 (TSI Inc., size range:728
nm) and an APS model 3321 (TSI Inc., size range 0641 Al Q8 $AQE® 21 O,
Uniform-size-cut Monitor z 8DRUM (DELTA Group UQDavis) was used to collect
DAOOEAI A0 ET EEOA OEUA OAT CAO MEOIiI m8nw Ol
substrates lightly greased with ApiezonTM and the strips were analysed with an
integration time of 2 hours (8DRUM) for 24 elements using synchrotron -day
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fluorescence (SXRF) in the Air Quality Research Center, University of California (UC
Davis). Additionally, 5min. integrates gaseous components CO, SRC,, &, CH were
measured with Horiba 3@ 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 Bninutesd PNSD yielded aptimum 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 solubn 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®zp 8¢ Al ADDPAAOAAN
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 moddling 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 PNSDoccurs 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 excludedlhe urban background factor,
resolved using the chental composition, has the same wind pattern.The factor
associated with nucleation mode particles is related to soutivesterly 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 3®0 nm) is
associated with southwesterly wind with higher speed, and the time series shows an
association with CO and Sindicating 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 sowtlst
direction.

The comparison between the two analyses, one based upon chemical composition
and the other based a PNSD, did not elucidate many components in common. The size
OAT CA EO 110 1 O0AOI ApbPpETI ¢ ET OEA Ol OOAEET A j
The two methods are rather complementary, and the PNSD modelling is important to
apportion sources of utrafine 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 ACTRIEZ was adopted on the Czech national roadmap of
Pacova and special equrpment from collaborating partner stitutions. Research
infrastructure ACTRISCZ is focused on atmospheric research, especially on atmospheric
aerosol, reactive gases and meteorological parameters.
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SUMMARY

Vertical profiles of aerosol partide number-size distributions and concentrations
were constructed from a total number of 5 airship flights conducted within a planetary
boundary layer at heights 26500m (1000m) of urban atmosphere abovefvermov,
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, incrasing intensity of the Sun radiation during
time of the day causes temperature inversion disappearance, decrease of Rivass and
relative humidity, increase of ozone which condition favor new particle formation at
heights about 253350m. 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 atlevated altitudes.
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INTRODUCTION

Major source of winter urban air pollution in Central and Eastern Europe is often
local heating, especially in small citiesind districts with family houses heated by solid
fuel as the case study from the Czech Republic (Hovorka et al., 201Gijtizens in the
Czech Republic burn mostly woodblack and everlow-quality brown coal. Despitethe
law, extremely hazardouswaste combustion is commonphenomenon in poor districts.
Other air pollution sources are traffic, industry, longrange transport and microscale
sources like smoking. In the process of combustion, polycyclic aromatic hydrocarbons
(PAHs) and other potentially toxic substancesare frequently produced. Large molecular
PAHSs are highly carcinogenid,e. benzo[a]pyrene, and posess,with other toxic organic
compounds the greatest risk to human health fom the airborne particulate matter
(PM). Pollutant penetration into lungsis PMsize dependent (Topnka et al., 2015).

PMx and PAHs health limits are exceeded in urbaairsheds especially in winter
when vertical temperature inversions are frequently formed due to unfavorable
geomorphology like closed valleysThe planetary boundary layer § 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. Duringthe inversions,
valleys are filled with mixture of emissions from the sourceson 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 Abovethe inversion layer pollutant dispersion
is much higher.

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

£ O A O Uitridt of Kladno city is an air pollution hot-spot where benzo[a]pyrene
B[a]P reachesthe highest B[a]P anual concentration in Bohemia

EXPERIMENTAL SETUP

Comprehensive charactdzation of urban aerosol was conducted infvermov,
residential district of Kladno city, about 30 km NW from PragueMeasuring campaign
was realized from2nd Feb.to 3 of March 2016.

Five minute integrates of PMo (by Beta Gauge FH 62-R), CO, NOx, SOQ&, CH,
NMHC (Horiba APCA60, APNA360, APHA360, APSA360, APM\-360), ambient
temperature T and relative humidity RH (Commeter), global radiation (Thies), wind
speed and direction (Windsonic), precipitation (disdrometer Thies) were measuredby
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isothermic mobile station placed & OEA &£ | OAdrmov (WEBAIMA m&t ¢ pfeQ h
PTIPOT P.B8wWwPUL Ec %
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 n$. Balloon can carry max2.5 kg instruments
and point-of-view camera. Airtemperature, relative humidity, atmospheric pressure
were acquired with 4 Hz frequency by Vaisala @iosonde. Height hwas calculated from
the atmospheric pressure data according to Wallace artdobbs (1977)

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

where R is the general gas constantg is the acceleration of gravity,po is the
atmospheric pressure on the ground ang atmospheric pressure at the heighh, T is the
average temperature in theair column.

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

Fig. 1:Temperature and humidityertical profiling, Kladno£ O A O,i612(2016
RESULTS ANDISCUSSION

Totally, 53 vertical profiles by tethered balloon wereconducted Fig. 2shows 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
AAAOAAOGAA AU nd heighl whileBRA @ised ftom 67 to 76 % (3.2 % per
100 m in average) during this profile.On February 7, there was calm SWwind with
0.6 ms! median, temperature medianwasmt 8t J#h OAIl AOE OAb, dgioBdl EAEOU
radiation 7 Wm-2 and PMy daily median was 48A C .

26



55

76 6

5T
—
o
=

{74 5h
50

172

145

TI°C

170

RH/%
RH/%

168 By o a %
é Q 0 40
By
{66 &
0 50 100 150 200 250 300 150 200 250 300

height /m height/m

N~ s A A~ X

Fig. 2:Vertical profiles oftel DPAOAOOOA j47J#qQ AT A BRI AOKORAT &
7. 2. 2016(left), 25. 2. 2016, 13:5@13:55 (right).

During 25" Januarythere was similar meteorology: WS median 0.5 m$, the same
SW direction, T median4.2J # h 2 ([ %, /BB Addian/8riwrd but boundary layer
xAOT 80 OOAAI A xEE Ki§ 2 Gight). RXdE AR EGL T EXIAIGWHRELA A C
is almost twice lower concentration. Gaseous concentrations were: Q.7 ppb,
Oz 34.6 ppb, NQ 4.5 ppb, NO 0.02ppb, CH 1.7 ppm. Stronger Nwind at the height of
200 z 270 m was indicated by the balloon floating.
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Fig. 3 Vertical profile of tAT DPAOAOOOA | 473 #qQ Al A, é&hok OEOA
18. 2. 2016, 7:568:04 (left), 10:13-10:21 (right)

Different situation is at Fig.3, where temperature inversion was captured. On the
left graph thereis morning temperature inversion with several gradients at7:56 to 8:04
on January 18. On the right picture is the vertical profile 2 hours later (10:3320:21)
where inversion just disappeared. Duringthis day medians were: WS 0.4 1, south
wind predominantly, T-c 8 @ J #h 2 ( m& €Erbrh 8:00 ® 10x15WS raised from
03mslto 0.7 s, Tfrom-¢8¢ J# OlARAOAAORAO AONIAGEp ACI
and relative humidity from 94 % to 77 %. Fora comparison, concentration of S@raised
from 1.22 ppb (8:00) to 3.52 ppb (10:00), Gs from 4.34 ppb to 14.7 ppb, NQ decreased
from 17.8 ppbto 4.3 ppb, NO from49.9 ppbto 3.0 ppb, CH 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
PMuo concentration was 51A C$, Twas-v 8 T J #hstrandiveind With SW direction,
relative humidity was 92 % and global radiation 7 Vkh-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 PMo concentration, which exceeds the health limit, is relevant for
them. Most of the observed inversions were at around 50 m heigliftom the bottom of

the valley.
0 T T 90
o T out

186

RH/%

0 50 100 150
height /m

22:25-22:30
CONCLUSIONS

The measurements confirmed frequent formation of temperature inversion within
boundary layer. The inversions were observed mainly during morningsand nights and
usually were reaching a height of 50 m. This height corresponds t@lley depth so lid
over the pot effectwould be obvious during the smogAir quality within the microscale
of valley airshedstrongly dependson extension ofthe inversion layer. Tethered balloon
measurements hae beenproved being a good tod for completion comprehensiveair
guality 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
£OAOITO6q TAAO O0OACOA8 -111 OAAAEAISSEN AomAT EUA
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.
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SUMMARY

The aim of this contribution is to confirm the abrasion of pavementgface as a
source of particulate matter and toverify 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 impactThe research deals withabrasion 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.
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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 etal., 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., 200k
Many epidemiological studies show direct link between dose/exposition to fine (<rim)
and ultrafine (< 100 nm) particles and adverse health effects. With regards to thecta
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 particte
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 danger@@shwartz,
2004; Sousa et al., 20L,2Mainka and ZajuszZubek, 2015) Nevertheles, at thesame 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 ofocal 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 locateith a residential area
in a large 3storey 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 tlkés, 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 iformation about PMi and PM s daily concentrations
and following chemical analysis of the collected samples. The online instrumentation
consisted of SMPS spectrometer, covering the size range of-280 nm (64 size
channels/decade), and two OPS spectromet® measuring in size range of 300 nmg 10
mm (16 size channels). The low volume samplers were equipped with quartz fiber filters
(PM1o and PM ) and Teflon filters (PMbs). 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 é
PM,o | [ PM1 | PM,, o) o LVS LVS LVS
Q Q T - <§( I:l. PM,q PM; 5 PM; 5
EC 3080|LI5 Q Q T
CPC 3775
[ ]
OUTDOOR L] L1l INDOOR
OPS 3330 OPS 3330

Fig. 1:Measurement setup.

The chemicalanalysis 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 ICS5000 (Thermo Scientific, USA)The analysis of OC/EC was
conducted on sampls 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 PMo and PM.ssamples.

RESULTS ANDONCLUSIONS

The online data were analysed mainly from SMPS spectrometer. The data were
divided into four groups including indoor and outdoor data and working and nomn
working hours. Working hours include measurements between 7 a.m. and 5 p.m. which
corresponfs to operational hous of the kindergarten. Correspondingly, the nosworking
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 isobvious difference between working and nonAworking
periods for both indoor and outdoor environments- the concentrations are lower and
the size distribution is close to unimodal shape during notworking hours. Overall, the
lowest concentration and the lowest interquartile span was observed for noAworking
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. Onthe 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 nen
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 PMo and PM s samples. Therefore, only Pkk mass
closure is discussed in this abstract (see Fig. 3). The results are split again into four
groups z 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 percertage can be attributed to organic matter, which is connected with traffic
and industrial sources mainly. In the case of PM, the outdoor contribution of organic
matter is higher than indoors for both working days and weekends, which points to
most of thepart 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 CGa indoors are most probably caused by the
presenae of kids/people in the kindergarten inducing resuspension of coarse patrticles.
The most surprising fact was very high contribution of Cin 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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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 dfferent 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 d@ifent outdoor environment: (1) the State

2ACET T Al 1 OAEEOAO ET 4GAAT P j O Al O x1 gh j
31 O6E "TEATEA E1T :1AOU +1 OO61T A j OO0OAI h j o
Teplice (industrial area), and (4) two deposibries (Land Rollsz LR and New Vaulg NV)

ET OEA . AOETT Al 1| OAEEOAO ET O0OACOA j1 AOCA £

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
AAOAEI O ET DPOAOGEIT OO0 pOAI EAAOEITO j - AHET OU A

Ammonia was collected by Analyst diffusive samplers (Marbaglass, Italy) during a
12-month period at every location. Sampling \w&s performed on a monthly basis both
indoors and outdoors. The analyses were done by an ion chromatography (Watrex Ltd.,
Czech Republic) with a SHODEX &Dconductivity detector. In parallel, measurements
of particulate matter (PM) were performed on a day 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 analged by an ion
chromatography (Dionex ICS000, Thermo Scientific, USA).

RESULTS AND CONCLUOSIS

Indoor concentrations of ammonia, in all archives, were usually higher than in the
outdoor environment (Fig. 1). Similar results have been observed in manywties, and
as a possible source decomposition of infiltrated ammonium nitrate the generation of
gaseous ammonia and nitric acid was usuallx T T OEAAOAA j, 01 AAT AO A
AO Al 8h -Aparciu étal., 2010 fSkitte et al., 201Talbot etal., 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 andmmonia
from outdoors can explain only approximately 2680% 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 concentratian
were significantly reduced by the filtration system.
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This indicates another source of ammonia in all of the archives. Typical indoor
Ol OOAAOh OOAE AO Al AATET ¢ DPOI AOAOO | £EHI OE
(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 ureabased compounds used as
concrete additives (Demirboga et al., 2014), were considered. To test this two passive
NHs 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 fom 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 tke indoor ammonia concentrations decreased
AOT I OEA ETEOEAI OAl 6810 ADLOOT @EAAORT NC pimtmt A
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INTRODUCTION

Residential wood combustion for heat production is becoming more common in
suburban areasof developed countries. As th emissions from wood combustion depend
condderably on the combustion device, fuel quality, and operating conditiondBplling et
al., 2009), a limited number of monitors cannot characterize the fluxes resulting from
urban emissions, atmospheric transformations, and transport (Holstius et ak014), and
cannot describe personal exposures, a critical link between ambient air pollution an
human health effects (Snyder al., 2013). Networks of low-cost monitors could provide
intensive environmental surveillance producing representative and reliablerformation
for an area of interest (Kumar ¢al., 2015).

EXPERIMENTAL SETUP

This work describes the results from an extended measurement in Rochester, NY (ca
210,000 inhabitants) and Monroe Conty between Namber 2015 and April 2016 using
52 low cost PMmonitors, 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 capleted 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 measued 1-minute particle number concentrations
and estimated particle mass concentrations of indoor andutdoor PM between 0.5 and
o A(Manikonda et al, 2016). Additionally, a CO monitorwas placed inside each
household to help distinguish between combustion and notombustion 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 140BF [FEM]).
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RESULTS ANDONCUSIONS

- AAT  ET AT T & jAd8\g T AOQMAIIS) POI cgneediratiomdafebélow the
24-hour and annual U.S. National Ambient Air Quality StandardBIAAQS for PMzs. The
concentrations, however, show large spatial variability (Fig. 1) Weekly and houly
cycles arein 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 heating type 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.
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Speck monitors capture the peaks at the DEC site, and correlate withe FEM
measurements(r ~ 0.24). Theresults are similar to those of an earlier comparison of the
Speck monitorsusing the Grimm 1.109 as a referenceit | @tlal, 2016).
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SUMMARY

Summary presents measurements of @upational 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 corgmented 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 narabjects
and could be used for following risk assessment.
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SUMMARY

This work compares PM, PM;, PMo and (PMw-PM:i) as coarse aerosol mass,
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portable laser nephelometers were used to measure individual aerosol size fractions. On
average, outdoor PMo was mostly composed of coarse particles 82 %. Rbifraction
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 PMyo concentrations. Maximum concentration of PMo during regular clearing was
@ ¢ h ¢ -daqdgniinimum concentration of PMio x A O p ¢ h-uFluttu@iohs in the
concentration of PM were detected in the driver cab due to smokers stay at this
workplace. The concentration of PM with smokers in the driver cab average grew about
nth ¢ #. Eofthese reasonshere is a concentration difference between work shifts.

a6/ $

01 OOAET Oi [V EOI O UAET T 1A UAOT EAI
I AAOI Aul AT EAET T DPOijadmMOO4 Adh OBIBIT E ETWAILO EA AR OF
Of UOOHATp OALATLAE ETOTET ETIAOI OLIi E OLDPAA
OAAETTITCEp jDUXIADUOMIAAAEART A@OOT LAE 0060
OALAAT p OOOT EA T AOI OEOEph EOI O OUOOAOGAT E UI

(1 AGT pi  Apl AEA OU iOidSKEDBRUAIAUAD | ACWE Ao O -
A EOOAIT EI meaikabin@diIGE@AEe¢ A A OAT ET OT pi 1T AET UAI
+ Yynmn . FTc¢ O ETAAT OEAIITEAT OB GOAETIOH i-.DNT O GP
AOAUOQEDp Ap kit AGH ARl EBAAUEEE «GTBAADI ®-GEAEEA A
EAE OA AET OAEp EllA@le@AAAODB@@Eé B O A Dlij AIf
EAEL OI EO 1 MED TEAATE@OOA A IDPOAAT OTp éETTT OOE:

- %4/ $9 - Q~%. "

-AGABD QI AGRET | OA ATAAE TA p¢e8 08 Al o8
O ETAATOEATTiiT 11T10 O $.48 +11 A0QAOIO @ERAAI
GAUO® TA 11716 ,EAIBA 3AOAO )Y)h AUIT UOIIT AT
i DPGAADPI EI AAO OUHAHPp A@obi UEAA DOAAT O1 p Eij El
OADPOAUAT O1 OAI OT EOGI p bDOT OOGAAp j EAAERT O G|
ET1 AOI Oi EI OLDPAAI AQs8

51



Proil i GOIOMMAET OLAE éUOOEAT AUROAOT Ot EDRAAAGRT ROD

DRX, (model 8533, TSI), EOA O1 ARAEGRED | OAI EET OOCGbAE T A ™
$00040AEU AUl U Ol TEOAMIGENERhmetddl EntldSurednmotieAS535,
TSHOA OUT OET OAAp EI AGEAp OA OLHAA ALAEAAp UeéilT U
UAT p OA OATET O1T pi DOI OOGAAph UAOpIi AT O EAAE
DOAAT OT pEA OADPOAUAT O OAU AAiGATHEG Ty | AtbasA O A4 D 1 TEC
nebylo I T L TAil A Qla ArGto byl DustTraké 8 instalovUT OA OLHAA BT OUA

$00040AEAEBIB Oi pOOAT 1 A0 ODOTAGTpH OGAIEETU@ pET D

OUAUI ATT OOE AAA ¢ I T A DPUOI Oi EIl AT POAOT pEO O

KoncentrtA A AAOT 011 0 AUI BT OAQOAE AP UDUAIUOOp 1 ET 8
00ij AREU OADPI T OAUT Al AGUEGABGRFEFO U OUT AT T Oi OADI |

Ol EET I AOU | $otpciplil OGICRIAS ET OAOOAI AAE
$AOA AUI A UDOAAIT OUT A O DPOICOAI O #1 01T 0 A #1

6, 3, %&DISKUSE

HruAL AAOT O1T1 DPGAOAL OEA82%h PAOT DOGAAPL ORRET OT BRI
i AEp OI EO EAAT AE 1 EEOIT El EHTAIGE@GEITTpb OOED DHOU O A |
TA OATET Ol pAE 1T ABEORABDp O PEADAATAO MAEDEAR- AnE,
DOAOEAAIEIAGE IO L TOIAT A VAN AOBT @OE AEGAOWHIET OT T EI |
EOAOL OA DOiI OUARp 8 OBERE DT DUAAIEH A B UEIPMEA AT OOAA
OA OAT ET O] b DEOIMIGCAA ndrEN KUl T p BMbAAT OOAA
AREAT O 01T GAHAQEpO O ANG# ipABEI Ul T p EI T OOAA

[ Cgdi(obr.1)8 01 AT ETT ¢ ATQUAHE A ASREIOMEERE &1 D OT O
é

>
™
@]
O
>
>

seprotoUEEHOAT U 1 AEEIRD A AIUETI EOAA T pi E A T
TEIEA 1 A&dQ)8OUAPEAAET i GEAEéA | Ol EOGI pi DBOT OO«
iTT L600PWRAAET OL Ol EOS

100E
— Uvnitf
—— Venku \
E 10t
[a)] L
E
E
(18]
E
£ |‘
A
N
0.01 5 = = = = = = =
(=] o ({e] (s3] (] o [sa] ==
o (] o o - -~ - o™~
cas
Obr.1:0 Oif ARE EIT T ADACOAALT @I pI E O1 EOQGIT pi
- AT AT1 HEDPEU UT UUT OPOEp OOGPAUI ROOI Bl

52



100 3
1 ]‘IIH ‘l A1 i ¥ A | | |'| RO
; m!” UL 1M|'Hl NIM !mr l il

0.01 —

000 2
2 B= @© o = = & 2
s % 3 & 3 3 4
o) o) TS o T ) ) )

Datum

Obr2:0T 1T A0 EOOAT AOAEAA [ AUE Ol EOGI piI A
20158 3 EOOAAAh EAU EOCRMAAEBNAOIGHAE épAA AAAC
do kabiny.

Tab.1;:01 O1 O1 U1 b OOAOEOOEAELAE Eib (Adghq OAUVET GTAD
A 11T ¢élp POAAT Ol p Oinlids
3 ﬁﬂsc”)GA 95% 75% 50% 25% 5%

hodnota Maximum | Minimum kvantil | kvantil | kvantil | kvantil | kvantil
$ AT 0,41 62,20 0,02 1,04 0,29 0,18 0,12 0,05
I é 0,21 2,92 0,03 0,54 0,27 0,15 0,09 0,06

An An cane A A

EOA BN GAO T G CoESFEPAT O B IGTpUASRAT Hip
] AAp 1 UA DT UI OT 6AO OLAU B
I A EA OOGpAUT A EEITT O8 5 E
BAAEAE DOUEI ADIOGI UAEUEATp Ofl
ET T Am oforr 1T Smhéat ORTGET O pi 1
EAAEPOIGEDELATBEDI{OO 1T phpuv [ Cgi
PDOij AfAEi] ET.JEAONTAOOIAABDA AOI-i  UT Aeli OLEUOU
p
L

>
O —
S

- D
- O

T > O
T T
¢

—

O: ) B
’ O:'v - — o %

>C O MmO

I AOUEI ALT A hipjsou |
DOijARAEAT j OUAEI LI

AET OAITA@UBESG Rd 668 L -

h B AESE AR LU ANG EEEA B EAA

pg O
O
o

O
Ut Aéph LA EAA T EA
EAAT U I OAE 1T Al ¢
U AECAOAOQT Oi EI

~EAEéE T A OHAAE OnLAATpAE OOOI EpAE BDOAA

C G

rn_
(@}

O c
>0

Oi Al UAEh DGEéAi L OAIT Ol pUAT p OLDAAI A EF
Ei AETT OU AAUDAéT T 00T p DGAGGEDQE A b OHBAILj FHBEEOSIE
Uuuouil Ai 6 1 UA Oubli Ui Of OAOh UAAI E DOAAI Ol pEh

53



VDGhDAAR ,(ASb(A),'I'Ai,T'I'OOE EOGUEA, vVEAADION | Bk P ECER
UAOpIDAGIp OO I T 1T OOE 1T AEOGUEA ERI®OjI3@g®OI U ETT AAT OC
3_
a5 [ = ufak <> nekuiak h
@ C [l
E
3 (e -
= | \
o 15 ‘ I‘ ‘1I| I |.| ‘ Il'l1 \I
% 1 - | I| |II || |I mih ‘ -III'- L
é | '| lll ‘ ]1 i ‘l'l\ |
| \
Knﬁ—l.‘L H‘ﬁ |1 L~|f\‘
r '\_J M \ml b | L\JI
0 —5 = = =R — =
cas
Obr.3:DAOCAEI T p MOEARETW®W- GEAEEéA UA AT A
<6 Q2
PDAOET AT QUI T pi OOAT T OAT pi PMYIBGAOAEEOAUAIT |
OA OATEI Ol pi DOI OOGAAp A T ATEIA OA O POijARED
DOAAT GALpEABI T L Ol EO 1T AlEIT ADMAGEANE TQ- TEIEA
O T OAApAE Aaerua@& I TPAET OATT O ¢ERRT OPAEAOHA

Ol il BAEBAAET A GEAEéA AUI U U & KiMeipdbAL O, BRUO0AW E8j T
Al L OA DOT EAORIPIOIT 0O OOAIS mMh-gORAEDI DGpeEeET A
E OljwAEl T AAT OOAAp 1 AUE EAAIIOIEOLIE BDOAAT OT pi

001 OT pL AlegpozioiPMADPAGYE OAAT T pIi E A TT1é1piE Oin
bOT OUAAQ EMHEIPEAGAOUDI EETLIE DOl OOGAAEUh TAL
OPAA T AOOOADT OAO OUOARIOABAIT : U AIAOABD OE ODARDOT i K
DOT OUAREpAp OOOT ¢éETTT1 OO0 PI OLPpOATE TAEOATTT b

0/ $Q+/ 6<. 7

A Ol LiAalp 1 AGA
40HEI EApAE A UA bi
Petru Richterovi.

Tp OEARAT © 1OXEAH]T EHFU @ O b
OE OFOH

fi I i $0
uol OFOEpéE‘EE"[ A3 10G A AHE @ IEA E4 @

54



PROPERTIES OF AEROS@®@RODUCED BY LASERBLATION OF STANDARD
MATERIALS FOR ICAMS ANALYSIS

- AOEi OAh ((/AT<A . 1he < +A/EEA Ph. $2E<AIEVAH 3, 6/ * 4N £ %
6EEOT O 1 . ) #+

1CEITEC, Masaryk Univeity, Brno, Czech Republianhola@sci.muni.cz
2Institute of Chemical Process Fundamentals of the ASCR, Prague, Czech Republic,
Ondracek@icpf.cas.cz
SFaculty of Mechanical Engineering, CTU of Pragumichal.vojtisek@fs.cvut.cz
4Department of Chemistry, Faglty of Science, Masaryk University, Brno, Czech Republic,
viktork @chemi.muni.cz

Keywords: Laser ablation, ICPMS, SMPS, EEPS
INTRODUCTION

Laser ablation (LA), together with inductively coupled plasma mass spectrometry
(ICP-MS) as a detection system,ds 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 dryesosol 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 spectrometerg Fast Mobility Particle
Sizer (EEPS) and Scanning Mobility Particle Sizer (SMPS) simultaneously with laser
ablation - ICRMS analysis.

Laser beam

Atoms, ions, Evaporation

clusters, particles Atomization
Excitation
Q ) lonization

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

Fig. 1: Laser beansample interaction.
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EXPERIMENTAL SETUP

The particles produced by laser ablation of standard materials were analysed by
ICRMS and various aerosol spectrometers giving infonation 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.

Ar
Ar
H

¢ 0.65 | min~"! ICP-MS
\—) LA —

0.65 1 min~

DMA % Neutralizer
Jef 7 B
& E _
EC 3080 =le] & ol 2 &
1.51 min” Dilution A|_|iF 5 _
clean air Excess air E |:|.
./ S EEPS
EC 3080 ) « 3090
o
P 77 PC Pal ol
CPC 3775 ~ CPC Palas 2} I:l.
APS 3321 ELPI

Fig. 2: Schematics of measurement sep
(greenz LA-ICP-MS system, blug aerosol spectrometers used for this study).

The instrumentation of the LAJICRMSsystem consisted of an excimer laser ablation
system Analyte G2 (Photo Machines Inc., Redmdy WA, USA) andCRMS with a
quadrupole analyzer Agilent 7500ce and a collisiomeaction cell (Agilent, Japan). The
I AOGAO 1T PAOAOGAO AO A xAOAIT AT COE T £ pwo T
carrier gas with a flow rate of 0.65 | mint, theaerosol was washed out from the chamber
(HelEx) and transported through a polyurethane tube (i.d. 4 mm) to the aerosol
spectrometers and ICPMS. Two ablation modes spot and line scan were performed.
Spot ablation with different spot sizes and line sda AA1T AOETT OOET C y¢u
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.

SMPSspectrometer is an aerosol instrument measuring particle numér 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 Paxie Counter (CPC).
SMPS 3936 including EC 3080, DMA 3081, aerosol char§dfr (10 mCi) and CPC 3775
(all TSI) was used in this work. The measurement size range was set to2800 nm and
the scanning time was set to 1 minute per sample.

EEPSpectrometer is another aerosol instrument allowing to measure number size
distribution in fixed particle size range of 5.6z 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 ANODONCLUSIONS

The patrticle 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, eépon
rate 10 Hz, Fluence 8 JchAT A OBPT O OEUA 1T £ yuv Ai 8 4EA A
deviation of 5 measurements.
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15000

Number concentration dN/dlog (#/ccm)

10000 0%
¢
+ EEPS ¢
5000
¢ = SMPS
L 4
0
5 50 500

Mobility diameter (nm)

Fig. 3: Particle size distribution graphs (average of 80 s spot ablation).

Both size distributions are bimodal wih 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/agglomeation of primary nanoparticles or particles
| OECET AOGAA &£O01Ti1 OEA AOiI Pl AOOGS Oi 1l EAEEEAAQEI]
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 ablatind
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 881 8 4 EA
particle concentration scale is shown to the right dN/dlog(dp) (particles cn#).
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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. Suke 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 sed small scale hotvater

boilers. The effect of the fuel type, mode of operation of boiler (nominal a reduced heat
output) on emission factors was evaluated.
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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 paitles exceed limits every year, especially in high
traffic regions, where the number of exceedances of PM10 is almost three times higher
in some cases.
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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
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2009 2010 2011 2012 2013
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SUMMARY

The sampling campaign was conducted during two periods in early spring and
OO0i I AO ¢ mp glLitiEd Th® 3 dod®size fractions of atmospheric aerosol were
sampled by 3DRUM/8DRUM impetor with an integration time of 30, 60 and 120
minutes. Also hourly averages of PM PMzsand PM concentrations by GRIMM and the
10 minutes averages of wind speed and direction together with precipitation were
measured. The five DRUM samples were chostm detailed SEM EDX analysis according
to PMw, PMsi0and PM.1o concentrationsand meteorological conditions. The number
of the critical actinolite fibres increased with PMo/PM1.10 and PMwo/PM2510 ratio
increase, WS > 2 m.$ and precipitation < 1 mm. Based on the results theumber of the
critical actinolite fibres is WD independent thus the actinolite fibres sources are
ubiquitous.
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ol éACo0T1 éAO 01T A0 101 A0 Ol

na 1mmny na 1 mn? 1 m3vzduchu 1 m3vzduchu

Vzorek1l 5-pm A 33 12 290 131
25-v A 41 20 348 193
Celkem 75 32 588 282
Vzorek2 5-pm A 6 3 41 27
25-v A 14 7 73 45
Celkem 20 10 97 57
Vzorek3 5-pm A 20 8 97 49
25-v A 56 20 227 97
Celkem 76 28 297 126
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SUMMARY

The original of ACTJU sampleunder 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 samplaiith a water-based
condensation growth tube (GT) located upstream of tle 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 o#ine analysed for particulate water
soluble species.
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SUMMARY

AEEO OOOAU AOOAIi POO O AOOAOO OEA ArlxEsEAA
downtown Prague to motorized traffic during a sustainable mobility event on particle
number concentrations in the air. Compared to the previouslay 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 aiffusion charger show absence of
OPAOGEAI AT A OAI Pl OAl OEIT OODPi 606 1 OECET AOET
also show the high contribution of high emitting vehicles to total particle concentrations.
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SUMMARY

Paper presents results of pilot study of traffic related (nano)particles
characterisation that was performed in the underground grage. (Nano)particle number
concentrations and (nano)patrticle size distribution were measured usingtlectrical Low
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samples were taken in 14 size fractions. Particle numbeoacentrations clearly indicate
the movement of vehicles in garage. Different elements concentrations in separate
particle fractions indicate different particle sources in this environment.
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INTRODUCTION

Particulates are the main pollutants of the troposphere, and one of its qualitative
indicators is the mass concentration ofPMwo (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 healthThe concentration of
pollutants depends not only on the amount and activity of emissiosources, but also on
the meteorological mechanisms including scavenging from the atmosphere.

Solid particles scavenging proccesses take the form of dry and wet depositidiet
deposition is the atmospheric pollution capturing by clouds and/or precipitaton
droplets in liquid or solid form. Captured contaminants are then delivered to the ground.
Dry deposition brings down particles directly to the surface of lithe or hydrosphere
without precipitation (Seinfeld and Pandis, 2006)Wet deposition is divided into two
types, classified by the place where the process occurs. Nameiycloud (rainout,) and
below-cloud (washout) processegSantachiara et al., 2018

There are a number of parameterizationsto determine the effectiveness of wet
deposition in below-clouds processes of the troposphere purificationThe most popular
is scavenging coefficientL [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 & al., 2003.

The concentration of PMo 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 PMio.
Announcements regarding to the potential exceeding of the permissible concentrations
are also presented in form of mass concentratiort the same time parameterization of
the dust concentration changes used, usually refers to the concentration qu#y 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 te model to
estimate changes in the PM massconcentration after precipitation of different types.
The model was built based on the results of the field tests.

EXPERIMENTAL SETUP
The mass concentration of PM measured at background area, in the vicinitpf the
+1 080U - AcU OBDt & & A x18pnwi6] wik T@RENinhapitants). The
measurement site was located on the meadows are®.5 km north-east from the city of

Opole, 1.6 km from the nearest rural buitup area and less than 2 km from the bordeof
area NATURA 2000 (PLB160004).
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In the research high-volume (68 m3/h), automatic dust sampler was used.
Measurements were providedaccording to/with accordance of BS EN 12341:1999
standard).

The meteorological parameters occurring during the measuremest 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 intendy (R),
were installed at a height of 2 m above the ground and 10 m from the dust sampler.

Concentrations of PMo were measured just before atmospheric precipitation Co)
and after 0.5 h of duration ). 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 largescale solid
precipitation (S) were analyzed.

One of the atmosphere components is water vapor. Its influeacon PMo elution
from troposphere has to be considered under belovweloud 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 @i., 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 tha 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 PN mass concentration after precipitation, series of
linear models were created, in which, the explanaty variables were; the level of P\b
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, homoscedascity 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 quintilez
experimental quintile plots. Normality of eror term e was verified using ShapireWilk

OAOO8 ! OOAOOI AT O T £# OAT ACETT 1ETAAOEOU xAO
RESULTS ANDONCLUSIONS

The relationship between G and C. was studied. Commonly, in estimation of
washing effectiveness &/ C ratio was considered. Utilization ofG and C, proportion
imposes a linear model of the relationship between concentrations. To verify whether
concentrations proportion is appropriate in description, the relationship betweenC and
C. 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 PNb mass concentration.On the other hand, it was
assumed that the water dispesed in atmosphere controls a process of PMs removal
(Laakso et al., 2003). But in contrast to usually considered in studies reha¢ humidity
(Pudykiewicz, 1989, Paramonov et al., 2010Kyro et al.,2009), in this work absolute
humidity Wb [nC ¢-3] was usel. 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 oftemperature (T), relative humidity (RH), precipitation
intensity (R), wind speed Ws), PMio mass concentration before (o) and after 0.5 h of
precipitation (C) for observed types of hydrometeors (during measuring period).

R Ws G G
[mm/h] [m/s] ny/m3  nmg/m3

For (K); n =161
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

4 ¥ J RH [%]

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 21.1
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 PM concentration in relation
to the fall type and absolute humidity was proposed (1):

aC, o b
0x

acC, g
Ineto=06,Ine20+
b s S @)

Z, v 2.oA N

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, 200§ value was
calculated absolute humidity Wh

Table 2 shows the values of structural parameterbx and their standard errors Sty
for adopted linear equation. The values of all the structural parameters are nozero,
due to the probability values for ttest results. Tte high values of F statisticsj p h 12¢ ¢ p T
Al O j +QAD©Op ¢ Ban AforAW)pchnfirmeti ghe significance of the linear
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model. Simultaneously, corrected R 0,81 (K), 0,93 (WS) and 0,71 (W) indicateshat
the interdependence of absolute humidity & air and the concentration before
precipitation with a high proportion explains the variability of PMyo values after liquid
and solid shortterm precipitation.

Tab. 2:The values of structural parameters and their standard errors.
Parameter by Sk t p-value

box -2,850 0,099 -29 <2¢ pm
bows -1,739 0,085 13 <2¢ pon
bow -2,281 0,038 15 <2¢ pm
b 1,031 0,036 29 <2¢ pm
Figure 1 illustrates the relationship between the experimental values and predicted
by the model No dependence of slope on the typef precipitation suggests immutability
of mechanism for the process of reducing the concentration of RM Variability bo

reveals variable depending on the type of precipitation, and thus removal efficiency of
PMyo by different types of precipitation.

1.2

0.8

0.4

|Og (C1/Wb1)

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 residualBhe distribution of points and
Shapiro-Wilk test results confirm normal distribution of residues. #1 T EG O AEOOAT AA(
the points (<0.05) indicate the lack of evidence of the occurrence of values significantly
influencing the change in the regression coefficientlt 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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Positive validation of residues and structural parameters of the model allowed for
the acceptance of the application formg2). Graphical comparison of experiment and

model result shows Fig. 3.
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Fig. 3 Experiment and model results comparison
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In all cases there are statistically significant commensurable resultgligh (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 guation, 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 matterfollowing 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, Grop 1 (IARC 2015). Especially, ambier®?M of aerodynamic diameter <400
nm, ultrafine particles, appearsto be of great importance due tats high specific surface
area and high number concentrationfHughes et al. 1998) Ultrafine particlesalso easily
enter and are being transferred in organisms, and interact with cells and subcellular
components (Oberdorster et al. 2005). As the evidencef ultrafine PM significance
increased, sizefractionated PMs sampled by various cascade impactors have been
employed into the toxicological studies on cell cultures or isolated cells, using the
organic extracts of sizefractionated PMs (Topinka et al. 2013Topinka et al. 2015) or
directly the size-ffractionated particles (Becker et al. 2003, Ramgolam et al. 2009,
Reibman etal. 2002,Loxham et al. 2013 Jalava et al. 2006, Thomson et al. 201 lava et
al. 2015). The aim of this study was to evaluatshape andcomposition of size
segrecated aerosol particles,sampled by high volume cascade impactor, using electron
microscopy and enegy dispersive Xray spectroscopy(EDX).

EXPERIMENTAL SETUP

Ambient air aerosol particles were collectedn Prague city center (GPS: 50.072068,
14.423721) at the flow-rate of 900 |.min-1 by high-volume cascade impactor (HVCI BGI
900, USA). Thempactor was placed on theoof of a mobile stationat 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) impation substrates on each floor of the high volume cascade impactor.
Aerosol particles were fractionated into coarse (1 z 10 Am, denoted B), upper
accumulation (0.5z 1 Am, denoted C) and lower accumulation (0.17Z 0.5 Am, denoted
D) fractions. Last stage utrafine fraction (< 170 nm, denoted E)was modified by
replacing ultrafilter with PUF plate with five grids. Sampling of the ambient air lasteébr
20 hours from 9" March to 10h March 2015 (1183 min., i.e. 1065 mof air in total).
Microscopic copper grids were kept in a storage box at room temperature in a
dessicator.
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Aerosol patrticles trapped on copper grids were observed using transmission
electron microscope EM Philips 208 Morgagni (FEI, Czech Republic) at a voltage of
80 kV without any modification. Energy dispersive Xray spectra (EDX) of particles
captured on microscopic copper grids were measured bsilicon drift detector APOLLO X
(EDAX, USA) installed at scanning electron microscope Magellan 400L (FEI, Czech
Republic) and operating in scanningransmission mode. The acceleration voltage 30 kV
and probe current 1.6nA in field free mode were used.

RESULTS AND DISCUSSION

The overview of particles identified by EDX analysis in sizeegregated samples is
shown in Tab. 1. Ntroscopic techniques revealed that clusters or chains of carbon
nanospheres, termed here nanosphersoot (ns-soot) (Buseck et al. 2014) occurred in
every fraction. In fraction B, some clusters of rsoot reached several micrometers size
(Fig. 1). Similar large clusters of nsoat occurred also in fraction C. According to EDX
analysis, fraction B (Figl) contained predominantly rock-forming minerals, among
which Caamphibol, klinopyroxene, quartz, calcite, and biotite were determined.
DEAOEAAI DAOOEAI AO xErmEverd Hehtfidd @A dlumigosilizdte AT A ¢ o
(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 rsoot and in form of
larger individual spheres (Fig. 2). At higher magnitud€100.000x), smaller particles (10
Z 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, -&uminosilicates, 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 nssoot, carbonaceous partiles, and particles sensitive to
electron beam (containing K, Na, S), which had in several cases cryss&ructure.
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 amauwvere identified (Fig. 3).

Tab. I 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,
Carbonaceous particles; ns-soot; inorganic particles (calcium

# § m8 U |sulphates/sulphides, potassium aluminosilicate; high-temperature produced
iron-aluminosilicate spheres); metallic nanospheres (iron-rich).

Ns-soot; carbonaceous particles; inorganic particles (potassium/natrium
sulphates); metallic nanospheres (iron-rich).

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

fp Z

$ § m8px

% j I m8
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Ultrafine fraction E contained nssoot (Fig. 4), carbonaceous particlegnd inorganic
particles, which were sensitive to electron beam. The arganic particles consisted
predominantly of Ca or K and Syhile 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, Bhough the presence
of metals could not be excludd in the ultrafine fraction.

&Ly
\ #" e

A3, ()

calcite with additional : . . Fe Ka cuKkp
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F|g 1: Fractln Bz EDXspectra of calcite with additional silicate minerals (Cu and partly
Al are from background).
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‘ |g 2 Fractlon C (O. !Tz 1 Am) Z EDX spectra otarbonaceous sphere/wth dlameter
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CONCLUSION

Combination of electron microscopy with EDX analysis allowed u® perform the
semiguantitative detection of elemental composition of single particles. Although there
were differences in the compogion of fractions (Tab. 1), nssoot 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 sampes 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 Ferich 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 etal. 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 amaller may adhere to
larger particles.
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INTRODUCTION

Particles containing copper are emitted from smelters, iron foundries, power
stations, and munigpal incinerators (WHO, 1998) and also from brake linings during
AOAAEET Ch +«tGE@D1(O Aanbparticles (NPs) of copper are ingredients in
polymers, inks, and bioactive coatings inhibiting the growth of microorganisms, Cioffi at
al. (2005), andCuO 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 Chd EOOOU ! 3 #2 j6A¢AGA AO Al 8h ¢m
generation for these experiments were already tested in our laboratory (Moravec et al.,
2015, Moravec et al., 2016).

EXPERIMENTAL SETUP

Experiments were performed inan externally heated work tuke 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 thaixture 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 Tr), reactor flow rate (Qz) and precursor vapour
pressure (Pcuan). Pcuaawas controlled by the saturator temperature {Ts) and saturator
flow rate (Q) and its valuesin the saturator were calculated from the equation
(Nassibulin et al., 2001):

1 41707

_ (7.6 Te(K)
P.,..(Pa) =100C¢ 10 , (1)

OAl EA E1T OEA OAIi PAOAOOOA OAT CA AEOIT T ym OI
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, TSinodel
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3936L75) and the samples for particle characterization were deposited onto Ni TEM
grids, covered with Cfoil, using a nanometer aerosol sampler (NAS, TSI model 3089)
and on cellulose, quartz, Zefluor and Sterlitech Ag filters. The particle charadtgics
were studied with high resolution transmission electron microscopy (HRTEMJEOL
3010, samples on TEM grids), energy dispersive spectroscopy (EDISICA/Oxford
connected to JEOL 3010TEM grids), inductively coupled plasma optical emission
spectrometry (ICP-OES,Agilent 4200 MPAES,cellulose filters) and Xray diffraction
(XRD, Bruker D8 Discover diffractometerAg filters). Interpretations of selected area
electron diffraction (SAED) patterns were performed using program ProcessDiffraction
i, URGGthph , UAUOh ¢mnwds

PYROLYSIS

air

N, + CuAA(9g)

OXIDATION

Fig. 1. Scheme of the inlet section arrangements for pyrolysis and oxidation of CuAA.
RESULTS ANDONCLUSIONS

NPs production was studied during one experimental campaign with duration of
102 h and it is shown in dependence on exgimental parameters Tr (500zx Mt Ts# dh
(120zp 0 0 8 LQR (80BZAZ00 crrd/min) and Qs (80 z 150 cmd/min, i.e. 10-12.5 vol. % of
@) in Figure 2. Particle production in Figure 2 is represented by number total
concentration N; and geometric mean diameter GMDbut we have also available NPs
production in mass total concentrationM: (>g/m3) and surface total concentrationS
(nm2/cm3). It can be seen, that NPs production can be controlled by precursor vapour
pressure Pcuaa (controlled by Ts and Qs NPs productbn increases with Pcyas and
depends also onTr and Qr (NPs production increases in the range of investigated
experimental conditions both with Tr and Qz). NPs production was stable at steady state
conditions with N high above 1x10 #/cm 3. Total mass conentrations were calculated
for the standard value of particle density 1.2 g/crd 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 agglerates 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 83@/m3atTREv tmt  J # h
1600 to 3000>g/m3atTRE@mm J #h AT AsgmyarTE YOu n ¢ uTm7od OO A
J#h OEA P&OA WaEAowdr .14 Pa) than atTRE@mm J# j m8¢m O

concentrations from filter measurements varied in the same order ofr from 390 to 890
>g/m3, 1900 to 2800>g/m3, and 3700 to 4000>g/m 3, respectively. We can see, that at
TRExnm J# [ AGO AT 1T AAT OOAOET 1 O &EOiI i £EEI OAO
from SMPS, which can be apparently attributed to more dense NPS and/or NPs
agglonmerates atTREx mmm J#8 %l EOOET 1T OAOAO &EOI i
9.0>g/min, while from filters measurements from 1.2 to 12.1>g/min.
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Fig. 2: Time dependence dfi and GMD at given experimental condition3r, Ts, Qr, Qs
and Qi .

Morphology of NPs was studied using HRTEM and an example of HRTEM images of
the sample synthesized afTREv it J# AAT AA OAAT EI
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 synthesizedTat
onnt AT A xnm J# xAO A AEO 1 AOCAOh OUPEAAI

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 $ 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 ICFOES method on the emission line 324.754 nm: the content of Cu
was 47.3 mass % in the sample systA OEUAA AO vuvnm J# AT A
OUl OEAOEUAA AO xnm J#8 w#T/ # Al Al UOAO
showed that the content of total carbon (TC) was 20.1, 10.1 and 9.0 mass % in the
OAl PI AO OUT OEAOGEUAA /Al fronmithdse vgluest theAcbnfent EGI 1t
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accounted for 8.9, 6.4 and 6.6 mass %. That means that NPs prepared@r®00 and 700

J# AT 1T OAET pn T O 1A0O 1 AGO b 1 £ 4#8

VERT *"i". iy S ) e < o s v R At R
Fig. 3: TEM images of the sample of NPs synthesized' st v Tt T Q:3J1200 cm#/min,
TsE p ¢ X Q&F120kem?/min, Qoi=1800 cni/min.

XRD analysis identified NPs generated &flREv mm J# AO 82% Al T OPET
samples generated afrg it AT A xnmn J#h 82%$ [ AOET A EAAT OEEA
cubic Cu, PDF 88326. Besides metallic Cu, in the samfl OUT OEAOEUAA AO xmr
traces of cuprite (CuO) crystalline phase, PDF 74230, were identified. Mean crystallite
sizes in these samples, calculated by integral breadth method (LM&), were 5.4 and 6.1
nm, respectively. These values are in quitegood agreement with primary particle sizes
detected by HRTEM. SAED method identified crystalline phase also in NPs synthesized at
TREvnmn J#h xEEAE AAT AA OAAT ET &ECOOA o j1AO
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 &D
crystalline structures. Electron diffraction patterns of NPs generated afr 600 and 700
J #re uch better developed, but in principle confirmed the same. However, the ratio of
cubic Cu to cubic GO crystallites is increasing with increasinglr.

98



AT BT g e —————— :
| f : |
14.2616 ---rorforrooro : & R =

— | Cu,0 cubic PDF §5-3288

g U

@

g

S : | ] 5

D HIBHED Feoefommimmmcionsis b=t S—

o : | :

2 |

=4

g z z

e E (17T SRR R T A

@ i 3 ; v H

o) ; I ; ‘ : i

g 1 : ;

o | i i

> ] ]

< ;
3.56539 4t L LM N S e

I ‘ i = Cu cubi¢ PDF 89:2838

0 10 20 30 40 50 60 70 80 90 100
Scattering vector (=2Pi/d) (=2Pi*2*sin{ThetaB}/Lambda) [1/nm]

Fig. 4: Comparison of electron diffraction pattern of NPs synthesized WEunT J#h
Qx=1200 cm¥/mi n, TsE p ¢ X QsF120kenB/min, Qpy=1800 cnB/min (inset and red
curve) with model diffractions of cubic Cu and cubic GO.

In conclusion, the generation of NPs by CuAA thermal decomposition in an inert
atmosphere atTRE x mm J# OAAIT O O thddAor Iong AstinEAxPdsPeO A AT A
experiments with laboratory animals. The particle production rate is sufficiently high
(up to 4000 >g/m3) and can be further increased by an increase d&or/and Qs, and it is
stable at steady state conditions for sufficiedy 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 chacteristic. 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 toampare 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.
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INTRODUCTION

The main aim of his 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 1ISO 21501 standardi$O 215014, 2007). This standard will be
described during aal 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 presentationFinally, results
obtained using custombuild 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 pas 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 <cientificTM Duke StandardsTM polystyrene particles with certified mean
diameters in water (conductivity of 1.3t 3 7 Al q8 %l AAOOT OOAOEA Al AC
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 2061100 nm).
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RESULTS ANDONCLUSIONS

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-rdy emission), PIGE
(Particle induced gammaray 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 thinggitic filters or foils
(Alfassi andPeisach 1991, Johansson an@ampbell 1988). An ideal sample for analysis
is thin homogeneous aerosbdeposit 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.Iln 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 cdlects aerosol particles in 12 size fractions in the size range of
45nmzyp8uv Ai 8 4EA AAOI OI'1l OAIPIAO AEOTI 3%)
aerosol deposit area are small (less them 8mm diameter) and large portion of deposit or
even full depost 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 deposis from SDI impactor (stages 3, 5 and 8)

EXPERIMENTAL

With the Tandetron 4130MC accelerator, in current experimental rsangement, 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 ofariable beam size
ranging from 1x1mm up to 6x6 mm. Relatively good evaluation of effective deposit area,
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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 effectiwickness, which is
important for a proper estimate of the absorption of low energy Xays and for proper
correction of elemental concentration of low Zlements determined by PIXE, as Na, Mg,
Al, Si, Cl, &nd partially also Kand Ca, can be determined &m the RBS spectra or from
AT I BAOEOTT T &£ Oxi AEEEAOAT O 1T AAOGOOET ¢ ACG
et al., 1999). As an alternative method the proton micro beam analysis by PIXE, RBS and
STIM (Scanning transmission ion microscopy) can be usédr thickness and elemental

distribution within the single deposit spot (see fig 2.)

Fig. 2: Elemental distribution of S, Kind Fe (left to right) within single deposit spot on
SDI stage no.5 (Prague metro samples) as measured®P1XE (scan size Ikmm).

RESULTS ANOONCLUSIONS

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 depas effective area and
proper estimation of the apparent deposit thickness are considered.
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