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ª6/$ ɀ INTRODUCTION 
 
 
 

6ÜĿÅÎï ËÏÌÅÇÙÎñȟ ÖÜĿÅÎþ ËÏÌÅÇÏÖïȟ 
 
,ÅÔÏĤÎþ ÊÉĿ ÓÅÄÍÎÜÃÔĻ ÒÏéÎþË 6ĻÒÏéÎþ ËÏÎÆÅÒÅÎÃÅ IÅÓËï ÁÅÒÏÓÏÌÏÖï ÓÐÏÌÅéÎÏÓÔÉ ÓÅ ËÏÎÜ 
ÄþËÙ ÉÎÉÃÉÁÔÉÖñ ÎÁĤÉÃÈ ÍÏÒÁÖÓËĻÃÈ ËÏÌÅÇĳ Ö -ÉËÕÌÏÖñȢ 3 ÐÏÔñĤÅÎþÍ ÍÕÓþÍ ËÏÎÓÔÁÔÏÖÁÔȟ 
ĿÅ Ôato konference je s ÄÖÁÃÅÔÉ ÄÅÖþÔÉ ÐĠþÓÐñÖËÙ ÈÉÓÔÏÒÉÃËÙ ÎÅÊÖñÔĤþȢ 4ïÍÁÔÁ ÚÁÈÒÎÕÊþ 
ÃÈÏÖÜÎþ  ÁÅÒÏÓÏÌĳ  ÖÅ  ÖÎñÊĤþÍ É ÖÎÉÔĠÎþÍ ÐÒÏÓÔĠÅÄþȟ ÊÅÊÉÃÈ ÓÌÏĿÅÎþ Á ÉÄÅÎÔÉÆÉËÁÃÉ ÚÄÒÏÊĳȟ 
ÔÁË É ÓÔÜÌÅ ÐÏÐÕÌÜÒÎñÊĤþ ÎÁÎÏéÜÓÔÉÃÅȢ 
 
4ÒÁÄÉéÎþ ÂÙÌÁ ÈÏÊÎÜ ÁËÔÉÖÎþ ĭéÁÓÔ ÎÁĤÉÃÈ éÌÅÎĳ ÎÁ %ÖÒÏÐÓËï ÁÅÒÏÓÏÌÏÖï ËÏÎÆÅÒÅÎÃÉȟ ËÔÅÒÜ 
ÓÅ ÌÅÔÏÓ ËÏÎÁÌÁ ÖÅ ÓÔÁÒÏÂÙÌïÍ ÆÒÁÎÃÏÕÚÓËïÍ ÍñÓÔñ TouÒÓȢ 4ÅÎÔÏËÒÜÔ ÊÓÍÅ ÂÏÈÕĿel 
ÚÁÐÏÍÎñÌÉ ÎÁ ÓËÕÐÉÎÏÖï ÆÏÔÏȟ ËÔÅÒï ÂĻÖÜ ÎÅÄþÌÎÏÕ ÓÏÕéÜÓÔþ ÔÏÈÏÔÏ ÓÂÏÒÎþËÕȢ 5ÒéÉÔñ to 
ÎÁÐÒÁÖþÍÅ ÐĠþĤÔþ ÒÏË Ö Curychu.  
 
/Ä ÌÅÔÏĤÎþÈÏ ÒÏËÕ ÓÅ IÅÓËÜ ÁÅÒÏÓÏÌÏÖÜ ÓÐÏÌÅéÎÏÓÔ ÒÏÚÈÏÄÌÁ ÆÉÎÁÎéÎñ ÐÏÄÐÏĠÉÔ ÔÙ ÍÌÁÄĤþ 
ËÏÌÅÇÙÎñ Á ËÏÌÅÇÙȟ ËÔÅĠþ ÓÅ ÒÏÚÈÏÄÎÏÕ ÐÒÅÚÅÎÔÏÖÁÔ ÓÖĳÊ ÐĠþÓÐñÖÅË ÎÁ ÍÅÚÉÎÜÒÏÄÎþ 
ËÏÎÆÅÒÅÎÃÉ ÆÏÒÍÏÕ ÐĠÅÄÎÜĤËÙȢ 6 roce ςπρφ ÔÕÔÏ ÆÏÒÍÕ ÐÏÄÐÏÒÙ ÚÁÔþÍ ÖÙÕĿÉÌÙ ÄÖñ 
ÏÄÖÜĿÎï ËÏÌÅÇÙÎñȟ #ÅÃÉÌÉÁ ,ÅÏÎÉ Á 0ÅÔÒÁ 0ÏËÏÒÎÜȟ ËÔÅÒĻÍ ÔþÍÔÏ ÂÌÁÈÏÐĠÅÊÉȢ 
 
*ÉĿ ÔÒÁÄÉéÎþ ÊÅ ÔÁËï ÐÏÄÐÏÒÁ ÎÁĤþ ËÏÎÆÅÒÅÎÃÅ ÆÉÒÍÏÕ %#- %#/ -ÏÎÉÔÏÒÉÎÇȢ 6ÅÌÍÉ ÍÎÅ ÔñĤþȟ 
ĿÅ ÌÅÔÏÓ ÐĠÉÂÙÌÉ ÄÁÌĤþ ÄÖÁ ÓÐÏÎÚÏĠÉȟ Á ÔÏ ÆÉÒÍÙ 4ÅÓÔÏ Á $ÅËÁÔÉȢ .ÏÖÉÎËÏÕ ÌÅÔÏĤÎþÈÏ ÒÏËÕ ÊÅ 
ÔÁËï ÓÏÕÔñĿ Ï ÎÅÊÌÅÐĤþ ÐĠÅÄÎÜĤËÕ ÍÌÁÄïÈÏ ÖñÄÃÅ ÐÏÄÐÏĠÅÎÜ firmou Dekati. 6ĤÅÍ ÎÁĤÉÍ 
ÓÐÏÎÚÏÒĳÍ ÂÙÃÈ ÔþÍÔÏ ÃÈÔñÌ ÕÐĠþÍÎñ ÐÏÄñËÏvat. 
 
4ñĤþÍ ÓÅ ÎÁ ÓÅÔËÜÎþ Ó VÜÍÉ Ö -ÉËÕÌÏÖñ J 
 
 
 
V Praze dne 5.10.2016       6ÌÁÄÉÍþÒ ¼ÄþÍÁÌ 
 

    0ĠÅÄÓÅÄÁ I!3 
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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 
ÓÏÕÒÃÅÓȢ  4ÈÉÓ ÉÓ ÁÌÓÏ ÔÈÅ ÃÁÓÅ ÏÆ +ÏĤÅÔÉÃÅ ÏÂÓÅÒÖÁÔÏÒÙ ÈÁÖÉÎÇ ÔÈÒÅÅ ÓÍÁÌÌ ÓÅÔÔÌÅÍÅÎÔÓ 
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 
ÏÎÅ ÓÁÍÐÌÅÒ ×ÈÉÌÅ 4%&,/ ɉτχ ÍÍ ÉÎ ÄÉÁÍȢȟ ς АÍ ÐÏÒÏÓÉÔÙɊ ×ÁÓ ÕÓÅÄ ÉÎ ÔÈÅ ÏÔÈÅÒ ÏÎÅȢ ςτ 
hour sampling was done every 6th 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 
distri butions 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 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 (Schwarz et al. 2016) to conclusion 
that the aged industrial and coal combustion sources form major part of PM2.5 aerosol 
ÁÔ +ÏĤÅÔÉÃÅ ÓÉÔÅ ÄÕÒÉÎÇ ×ÁÒÍÅÒ ÐÅÒÉÏÄȢ .ÅÖÅÒÔÈÅÌÅÓÓȟ ÓÅÃÏÎÄÁÒÙ ÏÒÇÁÎÉÃ ÁÅÒÏÓÏÌ ÃÏÕÌÄ 
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 
ÁÎÄ ÁÔ Á ÒÕÒÁÌ ÓÉÔÅ +ÏĤÅÔÉÃÅȟ ÒÅÓÐÅÃÔÉÖÅÌÙȢ 

 
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, KoĤetice Summer (KS) 0.25*, KoĤetice 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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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 (OA) 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-OOA) and low-volatile oxygenated organic aerosol (LV-
OOA). 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-OOA 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-OOA 
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. 

 

 
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., 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, 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-ρπАÍȟ ÔÏ ÉÎÖÅÓÔÉÇÁÔÅ ÔÈÅ ÒÅÌÁÔÉÏÎÓÈÉÐ 
between size distribution and composition data.  

 
EXPERIMENTAL SETUP 

 
A sampling campaign was carried out from the 5th 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-ςπ АÍɊȢ $ÁÖÉÓ 2ÏÔÁÔÉÎÇ-drum 
Uniform-size-cut Monitor ɀ 8DRUM (DELTA Group UC-Davis) was used to collect 
ÐÁÒÔÉÃÌÅÓ ÉÎ ÆÉÖÅ ÓÉÚÅ ÒÁÎÇÅÓ ÆÒÏÍ πȢπω ÔÏ ρȢρυ АÍȢ 0ÁÒÔÉÃÌÅÓ ×ÅÒÅ ÃÏÌÌÅÃÔÅÄ ÏÎ -ÙÌÁÒ 
substrates lightly greased with ApiezonTM and the strips were analysed with an 
integration ti me 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, SO2 NOx, O3, CH4 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 ɀ ρȢς АÍ ÁÐÐÅÁÒÅÄȟ ÂÕÔ ÉÔÓ 
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 SO2, 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 
ÒÁÎÇÅ ÉÓ ÎÏÔ ÏÖÅÒÌÁÐÐÉÎÇ ÉÎ ÔÈÅ ÕÌÔÒÁÆÉÎÅ ɉЃωπ ÎÍɊ ÁÎÄ ÉÎ ÔÈÅ ÃÏÁÒÓÅ ɉЄρȢρυ АÍɊ ÐÏÒÔÉÏÎÓȢ 
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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Fig. 1: From the top to the bottom: size distribution, polar plots and diurnal pattern of 

hourly averages particle number concentrations of accumulation, Aitken, nucleation and 
coarse mode factor. The shaded area of the daily pattern graphs represents the 5th and 

95th percentile. 
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6¸:+5-.< ).&2!3425+4URA ACTRIS-CZ 
 

!ÄïÌÁ (ÏÌÕÂÏÖÜ £ÍÅÊËÁÌÏÖÜ1,2,5ȟ 6ÌÁÄÉÍþÒ ¼ÄþÍÁÌ3ȟ -ÉÌÁÎ 6ÜĐÁ1ȟ *ÁÎÁ +ÌÜÎÏÖÜ4,  
!ÌÉÃÅ $ÖÏÒÓËÜ5 

 
1 IÅÓËĻ ÈÙÄÒÏÍÅÔÅÏÒÏÌÏÇÉÃËĻ ĭÓÔÁÖȟ 0ÒÁÈÁȟ ÁÄÅÌÁȢÈÏÌÕÂÏÖÁͽÃÈÍÉȢÃÚ 

2 ªÓÔÁÖ ĿÉÖÏÔÎþÈÏ ÐÒÏÓÔĠÅÄþȟ 0ĠþÒÏÄÏÖñÄÅÃËÜ ÆÁËÕÌÔÁ 5+ȟ 0ÒÁÈÁ 
3 ªÓÔÁÖ ÃÈÅÍÉÃËĻÃÈ ÐÒÏÃÅÓĳȟ !6 I2ȟ 0ÒÁÈÁ  

4#ÅÎÔÒÕÍ ÐÒÏ ÖĻÚËÕÍ ÔÏØÉÃËĻÃÈ ÌÜÔÅË Ö ÐÒÏÓÔĠÅÄþȟ -5ȟ "ÒÎÏ  
5ªÓÔÁÖ ÖĻÚËÕÍÕ ÇÌÏÂÜÌÎþ ÚÍñÎÙȟ !6 I2ȟ "ÒÎÏ  

 
+ÌþéÏÖÜ ÓÌÏÖÁȡ !#42)3-#:ȟ 6ĻÚËÕÍÎÜ ÉÎÆÒÁÓÔÒÕËÔÕÒÁȟ !ÔÍÏÓÆïÒÉÃËï ÁÅÒÏÓÏÌÙȟ 3ÔÏÐÏÖï 

ÌÜÔËÙ 
 

SUMMARY 
 

Research infrastructure ACTRIS-CZ was adopted on the Czech national roadmap of 
reaserch infrastructures in 2016. Its coreforms a co-ÌÏÃÁÔÅÄ ÓÔÁÔÉÏÎ +ÏĤÅÔÉÃÅ-+ĠÅĤþÎ Õ 
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. 

 
ª6/$ 

 
.Á ÚÁéÜÔËÕ ÒÏËÕ ςπρφ ÂÙÌ ÚÁÈÜÊÅÎ ÐÒÏÊÅËÔ !#42)3-CZ. Projekt vznikl v souladu 

s dlouhodÏÂÏÕ ÓÔÁÔÅÇÉþ ÅÖÒÏÐÓËï ÖĻÚËÕÍÎï ÉÎÆÒÁÓÔÒÕËÔÕÒÙ !#42)3ȟ ËÔÅÒÜ ÊÅ ÏÄ ÂĠÅÚÎÁ 
ςπρφ ÓÏÕéÜÓÔþ ÃÅÓÔÏÖÎþ ÍÁÐÙ ÅÖÒÏÐÓËĻÃÈ ÖĻÚËÕÍÎĻÃÈ ÉÎÆÒÁÓÔÒÕËÔÕÒ %3&2)Ȣ  !#42)3-CZ 
ÓÄÒÕĿÕÊÅ éÔÙĠÉ ÉÎÓÔÉÔÕÃÅȢ  0ĠþÊÅÍÃÅÍ ÊÅ IÅÓËĻ ÈÙÄÒÏÍÅÔÅÒÏÌÏÇÉÃËĻ ĭÓÔÁÖȟ ÐÁÒÔÎÅÒÓËĻÍÉ 
institucemi jsoÕ ªÓÔÁÖ ÃÈÅÍÉÃËĻÃÈ ÐÒÏÃÅÓĳ !6 I2 ɉª#(0Ɋȟ ªÓÔÁÖ ÖĻÚËÕÍÕ ÇÌÏÂÜÌÎþ 
ÚÍñÎÙ !6 I2 ɉª6':Ɋ Á #ÅÎÔÒÕÍ ÐÒÏ ÖĻÚËÕÍ ÔÏØÉÃËĻÃÈ ÌÜÔÅË Ö ÐÒÏÓÔĠÅÄþ -ÁÓÁÒÙËÏÖÙ 
ÕÎÉÖÅÒÚÉÔÙ ɉ2%#%4/8ɊȢ *ÜÄÒÏÖÏÕ ÓÔÁÎÉÃþ ÖĻÚËÕÍÎï ÉÎÆÒÁÓÔÒÕËÔÕÒÙ !#42)3-CZ 
ɉÐÏÄÐÏÒÏÖÁÎÜ ÐÒÏÊÅËÔÅÍ !#42)3-CZ) je sdrÕĿÅÎÜ ÓÔÁÎÉÃÅ +ÏĤÅÔÉÃÅ-+ĠÅĤþÎ Õ 0ÁÃÏÖÁȢ  
)ÎÓÔÉÔÕÃÅ ÚÁÐÏÊÅÎï Ö ÐÒÏÊÅËÔÕ ÍÁÊþ ÄÌÏÕÈÏÌÅÔÏÕ ÖÁÚÂÕ ÎÁ ÖĻÚËÕÍÎÏÕ ÌÏËÁÌÉÔÕȟ ÓÐÏÌÅéÎñ 
ÐÏÓËÙÔÕÊþ ËÖÁÌÉÔÎþ ÚÜËÌÁÄÎÕ ÐÒÏ ÓÐÅÃÉÁÌÉÚÏÖÁÎĻ ÖĻÚËÕÍȢ  

 
6¸:+5-.< ).&2!3425+4URA ACTRIS-CZ 

 
6ĻÚËÕÍÎÁ ÉÎÆÒÁÓÔÒÕËÔÕÒÁ ɉ6)Ɋ !#42)3-CZ ÊÅ ÌÏËÁÌÉÚÏÖÜÎÁ ÎÁ 3: ÏËÒÁÊÉ ËÒÁÊÅ 6ÙÓÏéÉÎÁȢ  

$þËÙ ÓÖïÍÕ ÕÍþÓÔñÎþ ÍÉÍÏ ÈÌÁÖÎþ ÚÄÒÏÊÅ ÚÎÅéÉĤÔñÎþ ÒÅÐÒÅÚÅÎÔÕÊÅ ÎÅÊÅÎ ÒÅÇÉÏÎÜÌÎþ 
ĭÒÏÖÅĐ ÚÎÅéÉĤÔñÎþ ÏÖÚÄÕĤþ Ö I2 ÁÌÅ É ÖÅ ÓÔĠÅÄÎþ %ÖÒÏÐñȢ  :ÜËÌÁÄÎþÍ ÐÒÖËÅÍ 6) !#42)3-CZ 
je /ÂÓÅÒÖÁÔÏĠ +ÏĤÅÔÉÃÅ ɉ/"+Ɋ ÐÒÏÖÏÚÏÖÁÎÜ IÅÓËĻÍ ÈÙÄÒÏÍÅÔÅÒÏÌÏÇÉÃËĻÍ ĭÓÔÁÖÅÍȢ 
3ÔÁÎÉÃÅ ÄÉÓÐÏÎÕÊÅ ÖþÃÅ ÎÅĿ ςυÌÅÔÏÕ ĠÁÄÏÕ ÍñĠÅÎþ ËÖÁÌÉÔÙ ÏÖÚÄÕĤþ Á ÈÏÄÎÏÔ 
ÍÅÔÅÏÒÏÌÏÇÉÃËĻÃÈ ÐÁÒÁÍÅÔÒĳȢ $ÁÌĤþÍÉ ÒÏÖÎÏÃÅÎĻÍÉ ÐÁÒÔÎÅÒÙ ÊÓÏÕȡ  
¶ ª#(0 - ÐÒÁÃÏÖÉĤÔñ ÓÐÅÃÉÁÌÉÚÏÖÁÎï ÎÁ ÖĻÚËÕÍ ÁÅÒÏÓÏÌĳȟ ÏÄ ÒÏËÕ ςππψ ÒÅÁÌÉÚÕÊÅ 
ÓÐÅÃÉÜÌÎþ ÍñĠÅÎþ ÁÔÍÏÓÆïÒÉÃËĻÃÈ ÁÅÒÏÓÏÌĳ Ö ÁÒÅÜÌÕ /"+Ȣ  

¶ ª6': - ĭÓÔÁÖ ÚÁÍñĠÅÎĻ ÎÁ ÖĻÚËÕÍ Á ÄÏÐÁÄÙ ÇÌÏÂÜÌÎþ ÚÍñÎÙȟ Ö ÒÏÃÅ ςπρσ 
vybudoval !ÔÍÏÓÆïÒÉÃËÏÕ ÓÔÁÎÉÃÉ +ĠÅĤþÎ Õ 0ÁÃÏÖÁȢ !ÔÍÏÓÆïÒÉÃËÜ ÓÔÁÎÉÃÅ ÊÅ 
ÓÉÔÕÏÖÜÎÁ Ö ÔñÓÎï ÂÌþÚËÏÓÔÉ /"+Ȣ 3ÔÁÎÉÃÉ ÔÖÏĠþ ςυπ Í ÖÙÓÏËĻ ÁÔÍÏÓÆïÒÉÃËĻ ÓÔÏĿÜÒȟ 
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ÊÅĿ ÄÏÖÏÌÕÊÅ ËÏÎÔÉÎÕÜÌÎþ ÍÏÎÉÔÏÒÏÖÜÎþ ÖÅÒÔÉËÜÌÎþÈÏ ÐÒÏÆÉÌÕ ÓËÌÅÎþËÏÖĻÃÈ ÐÌÙÎĳȟ 
ËÖÁÌÉÔÙ ÏÖÚÄÕĤþ Á ÍÅÔÅÏÒÏÌÏÇÉÃËĻÃÈ ÐÁÒÁÍÅÔÒĳȢ  

¶ RECETOX - ÃÅÎÔÒÕÍ ÓÐÅÃÉÁÌÉÚÕÊþÃþ ÓÅ ÎÁ ÖĻÚËÕÍ ÚÎÅéÉĤÔñÎþ ÐÒÏÓÔĠÅÄþ ÔÏØÉÃËĻÍÉ 
ÌÜÔËÁÍÉȟ ÚÅÊÍïÎÁ ÎÁ ÐÅÒÚÉÓÔÅÎÔÎþ ÏÒÇÁÎÉÃËï ÐÏÌÕÔÁÎÔÙ ɉ0/0ÓɊȟ ÐÏÌÜÒÎþ ÏÒÇÁÎÉÃËï 
ÌÜÔËÙȟ ÔÏØÉÃËï ËÏÖÙ Á ÐĠþÒÏÄÎþ ÔÏØÉÎÙȢ 2%#%4/8 ÎÁ /"+ Á Ö ÐĠÉÌÅÈÌïÍ ÏËÏÌþ 
ÕÓËÕÔÅéĐÕÊÅ ÊÉĿ ÏÄ ÒÏËÕ ρωψψ ÉÎÔÅÇÒÏÖÁÎĻ ÍÏÎÉÔÏÒÉÎÇ 0/0ÓȢ 

 
/ÂÒȢ ρȡ 6ĻÚËÕÍÎÜ ÉÎÆÒÁÓÔÕÒËÔÕÒÁ !#42)3-CZ. 

 
0~%(,%$ -Q~%.^ 6) !#TRIS-CZ 

 

6ĻÚËÕÍ ÐÒÏÂþÈÁÊþÃþ ÎÁ ÉÎÆÒÁÓÔÒÕËÔÕĠÅ ÓÅ ÓÏÕÓÔĠÅÄþ ÈÌÁÖÎñ ÎÁ ÁÔÍÏÓÆïÒÉÃËï ÁÅÒÏÓÏÌÙȟ 
ÒÅÁËÔÉÖÎþ ÐÌÙÎÙ Á ÍÅÔÅÏÒÏÌÏÇÉÃËï ÐÁÒÁÍÅÔÒÙȢ IÜÓÔ ÖĻÚËÕÍÕ ÎÁÖÁÚÕÊÅ ÎÁ ÊÉĿ ÅØÉÓÔÕÊþÃþ 
ÍñĠÅÎþȟ ËÔÅÒï ÂÕÄÏÕ Ö ÒÜÍÃÉ ÐÒÏÊÅËÔÕ ÐÏÄÐÏĠÅÎÁ Á ÉÎÏÖÏÖÜÎÁȢ -ÅÚÉ ÖĻÚÎÁéÎÜ ÍñĠÅÎþ 
ÐÁÔĠþ ÄÌÏÕÈÏÄÏÂï ÍÏÎÉÔÏÒÏÖÜÎþ 0/0Óȟ ÖÏÌÁÔÉÌÎþÃÈ ÏÒÇÁÎÉÃËĻÃÈ ÌÜÔÅË ɉ6/#ÓɊȟ ÂÁÚÉÃËĻÃÈ 
ËÁÔÉÏÎÔĳ Á ÍñĠÅÎþ ÍÅÔÅÏÒÏÌÏÇÉÃËĻÃÈ ÐÁÒÁÍÅÔÒĳ ÖÅ ÖÅÒÔÉËÜÌÎþÍ ÐÒÏÆÉÌÕȢ   6) ÄÉÓÐÏÎÕÊÅ 
ÁÕÔÏÍÁÔÉÃËĻÍ ÍñĠÅÎþÍ ÆÙÚÉËÜÌÎþÃÈ Á ÃÈÅÍÉÃËĻÃÈ ÖÌÁÓÔÎÉÓÔþ ÁÔÍÏÓÆïÒÉÃËĻÃÈ ÁÅÒÏÓÏÌĳȢ /Ä 
roku 2008 je kontinÕÜÌÎñ ÍñĠÅÎÁ ÖÅÌÉËÏÓÔÎþ ÄÉÓÔÒÉÂÕÃÅ éÜÓÔÉÃ ɉ3-03ȟ )Æ4 4ÒÏÐÏÓɊȢ 6 ÒÏÃÅ 
ςπρσ ÂÙÌÙ ÓÐÕĤÔñÎÙ ÔĠÉ ÓÐÅÃÉÜÌÎþ ËÏÎÔÉÎÕÜÌÎþ ÍñĠÅÎþȡ ρɊ ËÏÅÆÉÃÉÅÎÔ ÒÏÚÐÔÙÌÕ ÓÖñÔÌÁ ÎÁ 
ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃþÃÈ ɉ)ÎÔÅÇÒÏÖÁÎĻ .ÅÐÈÅÌÏÍÅÔÅÒȟ 43) συφσɊȟ ςɊ ÁÂÓÏÒÐÃÅ ÓÖñÔÌÁ 
ÁÅÒÏÓÏÌÏÖĻÍÉ éÜÓÔÉÃÅÍÉ ɉ!ÅÔÈÁÌÏÍÅÔÅÒȟ -ÁÇÅÅ !%σρɊȟ σɊ ËÏÎÃÅÎÔÒÁÃÅ ÏÒÇÁÎÉÃËïÈÏ Á 
ÅÌÅÍÅÎÔÜÒÎþÈÏ ÕÈÌþËÕ ɉ3ÅÍÉ-ÃÏÎÔÉÎÕÏÕÓ /#%# ÁÎÁÌÙÚÅÒȟ 3ÕÎÓÅÔ ÌÁÂÏÒÁÔÏÒÙɊȢ )ÎÏÖÁÃþ ÖÅ 
ÖĻÚËÕÍÕ ÁÅÒÏÓÏÌĳ ÂÕÄÏÕ É ÖÅÒÔÉËÜÌÎþ ÍñĠÅÎþ ËÏÎÃÅÎÔÒÁÃþ ÁÅÒÏÓÏÌĳ Á ÊÅÊÉÃÈ ÃÈÅÍÉÃËïÈÏ 
ÓÌÏĿÅÎþ ÎÁ ςυπ Í ÓÔÏĿÜÒÕȢ 6) ACTRIS-#: ËÏÎÔÒÏÌÕÊÅ ÓÏÕÂÏÒÎï ÍñĠÅÎþ ÓÅ ÚÎÁéÎĻÍ 
ÐÏÔÅÎÃÉÜÌÅÍ Ë ÄÁÌĤþÍÕ ÒÏÚÖÏÊÉȢ :þÓËÁÎï ÖĻÓÌÅÄËÙ ÐÏÄÐÏĠþ ËÖÁÌÉÔÎþ ÁÔÍÏÓÆïÒÉÃËĻ ÖĻÚËÕÍȟ 
ÃÏĿ ÐĠÉÓÐñÊÅ ËÅ ËÏÍÐÌÅØÎþÍÕ ÐÏÒÏÚÕÍñÎþ ÊÅÖĳ ÐÒÏÂþÈÁÊþÃþÃÈ Ö ÁÔÍÏÓÆïĠÅȢ  

 
0/$Q+/6<.^ 

 
!ÕÔÏĠÉ ÐÒÜÃÅ ÄñËÕÊþ ÚÁ ÆÉÎÁÎéÎþ ÐÏÄÐÏÒÕ -£-4 Ö ÒÜÍÃÉ ÐÒÏÊÅËÔÕ !#42)3-CZ  

(LM2015037). 
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0~^0!$/6< 345$)% :% £6%2-/6! 
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1ªÓÔÁÖ ÐÒÏ ĿÉÖÏÔÎþ ÐÒÏÓÔĠÅÄþȟ 0ĠȢ&Ȣ 5+ Ö Praze, Praha, jan.hovorka@natur.cuni.cz 
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+ÌþéÏÖÜ ÓÌÏÖÁȡ NÁÎÏéÜÓÔÉÃÅ ÁÅÒÏÓÏÌÕȟ Nukleace, MÅÚÎþ ÖÒÓÔÖÁ ÁÔÍÏÓÆïÒÙȟ -ñÓÔÓËï 
ÏÖÚÄÕĤþ 

 
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 £vermov, 
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. 

 
ª6/$ 

 
Znalost ÐÒÏÓÔÏÒÏÖïÈÏ ÒÏÚÌÏĿÅÎþ éÜÓÔÉÃ ÁÔÍÏÓÆïÒÉÃËïÈÏ ÁÅÒÏÓÏÌÕ v ÍÅÚÎþ ÖÒÓÔÖñ 

ÍñÓÔÓËïÈÏ ÏÖÚÄÕĤþ ÕÍÏĿĐÕÊÅ ÒÏÚÌÉĤÉÔ ÍþÓÔÎþ Á ÖÚÄÜÌÅÎï ÚÄÒÏÊÅ ÁÅÒÏÓÏÌÕ Á ÔþÍ ÐĠÉÓÐñÔ ËÅ 
ËÖÁÌÉÔñ ÍÏÄÅÌÏÖĻÃÈ ÏÄÈÁÄĳ ÚÄÒÏÊĳ ÚÎÅéÉÓÔñÎþ ÍñÓÔÓËïÈÏ ÏÖÚÄÕĤþȢ 

 
ME4/$9 -Q~%.^ 

 
-ñĠÅÎþ ÐÒÏÓÔÏÒÏÖïÈÏ ÒÏÚÌÏĿÅÎþ éÜÓÔÉÃ ÁÔÍÏÓÆïÒÉÃËïÈÏ ÁÅÒÏÓÏÌÕ Ö ÍÅÚÎþ ÖÒÓÔÖñ 

ÁÔÍÏÓÆïÒÙ ÂÙÌÏ ÐÒÏÖÅÄÅÎÏ Ó ÐÏÍÏÃþ ÄÜÌËÏÖñ ĠþÚÅÎï ÖÚÄÕÃÈÏÌÏÄÉ Ó ÕĿÉÔÅéÎĻÍ ÖÚÔÌÁËÅÍ 
ρυËÇȟ ρ(Ú '03 ÌÏËÁÌÉÚÁÃþȟ ÐÏÈÜÎñÎï  elektromotory s vrtulemi s ÐÒÏÍñÎÎÏÕ ÏÓÏÕ ÒÏÔÁÃÅ 
ÎÁ ÃÅÓÔÏÖÎþ ÒÙÃÈÌÏÓÔ ËÏÌÅÍ υÍÓ-1Ȣ ,ÅÔÏÖÜ ÍñĠÅÎþ ÐÒÏÂþÈÁÌÁ ρψȢ ςȢ ςπρφ Ö éÁÓÅ ψȡςχ-14:55 
#%4 Ó ÍþÓÔÅÍ ÖÚÌÅÔÕ ÎÁÄ ÓÔÁÄÉÏÎÅÍ 4* "ÁÎþË £ÖÅÒÍÏÖ ɉυπЈρπͻπȢτςρͼ.ȟ ρτЈφͻτρȢωφυͼ%Ɋ 
ÖÅ ÖĻĤËÜÃÈ ςπ-500m (1000m) nad stadionem s ÖÅÒÔÉËÜÌÎþȾÈÏÒÉÚÏÎÔÜÌÎþ ÌÏËÁÌÉÚÁÃþ ÄÁÔ 
koleÍ ψÍȢ ,ÅÔÏÖÜ ÍñĠÅÎþ ÚÁÈÒÎÏÖÁÌÁ ÓÔÁÎÏÖÅÎþ ÖÅÌÉËÏÓÔÎþÃÈ ÄÉÓÔÒÉÂÕÃþ ÐÏéÔÕ éÜÓÔÉÃ Ö 
ÒÏÚÍÅÚþ ρπ-συπÎÍ Ó ÍÉÎÕÔÏÖÏÕ ÉÎÔÅÇÒÁéÎþ ÄÏÂÏÕ ɉ.ÁÎÏÐÁÒÔÉÃÌÅ 3ÉÚÅÒ σωρπȟ 43)Ɋ Á 
ÔÅÐÌÏÔÙ ÏÖÚÄÕĤþ Ó ÆÒÅËÖÅÎÃþ ρ(ÚȢ 3ÏÕéÁÓÎñ ÂÙÌÙ ÍñĠÅÎÙ ÁĿ ÄÏ ÖĻĤËÙ σππÍ ÖÅÒÔÉËÜÌÎþ 
profily teploty  Á ÒÅÌÁÔÉÖÎþ ÖÌÈËÏÓÔÉ ɉ6ÁÉÓÁÌÁɊ Ó ÐÏÍÏÃþ ÕÐÏÕÔÁÎïÈÏ ÂÁÌÏÎÕ ÐÌÎñÎïÈÏ 
ÈÅÌÉÅÍȢ 0ÏÚÅÍÎþ ÍñĠÅÎþ ÚÁÈÒÎÏÖÁÌÁ ÓÔÁÎÏÖÅÎþ ÍÅÔÅÏÒÏÌÏÇÉÃËĻÃÈ ÐÁÒÁÍÅÔÒĳ ɉ'ÉÌÌɊȟ 
ÖÅÌÉËÏÓÔÎþÃÈ ÄÉÓÔÒÉÂÕÃþ ÐÏéÔÕ éÜÓÔÉÃ ÁÅÒÏÓÏÌÕ Ö ÒÏÚÍÅÚþ ρυ-720nm (SMPS3936L25, TSI) a 
koncentrace NOx, SO2, CH4, CO, O3 (serie-360, Horiba) s ÉÎÔÅÇÒÁéÎþ ÄÏÂÏÕ υ ÍÉÎÕÔȢ 
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6¸3,%$+9 ! $)3+53% 
 

/ÂÖÙËÌÅ ÂÉÍÏÄÜÌÎþ ÄÉÓÔÒÉÂÕÃÅȟ 15/60 nm, ÖÙËÁÚÏÖÁÌÙ ÖĻÒÁÚÎĻ ÄÅÎÎþ ÃÈÏÄȢ .ÅÊÖÙĤĤþ 
ÐÏéÔÙ éÜÓÔÉÃ ÖÅ ÖĻĤÃÅ ËÏÌÅÍ φπȾςπÍ Á ÊÅÊÉÃÈ ÒÙÃÈÌĻ ÐÏËÌÅÓ ÖÅ ÖĻĤÃÅ ÃÃÁ ψπÍ ÂÒÚÏ ÒÜÎÏ 
(Obr.1 vlevoɊ ÓÏÕÈÌÁÓþ Ó ÉÎÖÅÒÚÎþÍ ÖÅÒÔÉËÜÌÎþÍ ÔÅÐÌÏÔÎþÍ ÇÒÁÄÉÅÎÔÅÍ πȢρ Á πȢπς ÖÅ 
ÖĻĤËÜÃÈ π-30m a 30-ρςπÍ Á ÐÏÕËÁÚÕÊþ ÎÁ ÐĠþÚÅÍÎþ ÚÄÒÏÊÅ éÜÓÔÉÃ ÉÎÄÉËÏÖÁÎï ÚÖĻĤÅÎĻÍÉ 
koncentracemi CO (0.4 ppm), SO2 (2.8 ppb) a PM10 (30 mgm-3). S ÎÜÒĳÓÔÅÍ ÉÎÔÅÎÚÉÔÙ 
ÓÌÕÎÅéÎþÈÏ ÚÜĠÅÎþ ÔÅÐÌÏÔÎþ ÉÎÖÅÒÚÅ ÒÙÃÈÌÅ ÍÉÚþ Á ÖÅÒÔÉËÜÌÎþ ÐÒÏÆÉÌ ÐÏ ÐÏÌÅÄÎÉ ɉ/ÂÒȢρȢ 
ÖÐÒÁÖÏɊ ÕËÁÚÕÊÅ ÎÅÊÖÙĤĤþ ËÏÎÃÅÎÔÒÁÃÅ ρυÎÍ éÜÓÔÉÃ ÖĻĤÃÅ ςυπ-συπÍȢ :ÖĻĤÅÎï ÈÏÄÎÏÔÙ 
ÓÌÕÎÅéÎþÈÏ ÚÜĠÅÎþ (400 Wm-2Ɋ Á ËÏÎÃÅÎÔÒÁÃþ /3 (25 ppb) spolu s ÎþÚËÏÕ ÖÌÈËÏÓÔþ ÏÖÚÄÕĤþ 
(60%) a PM1 10 mgm-3 inÄÉËÕÊþ ÓÐþĤÅ ÎÕËÌÅÁÃÉ ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃ ɉPlatis, A. a kol, 2016) 
ÎÅĿÌÉ ÊÅÊÉÃÈ ÐÒÉÍÜÒÎþ ÅÍÉÓÅ ÚÅ ÖÚÄÜÌÅÎĻÃÈ ÚÄÒÏÊĳȢ .ÜÓÌÅÄÎñ ÚÖĻĤÅÎï ÐĠþÚÅÍÎþ 
ËÏÎÃÅÎÔÒÁÃÅ ρυÎÍ éÜÓÔÉÃ ÌÚÅ ÖÙÓÖñÔÌÉÔ ÚÖĻĤÅÎÏÕ ÔÕÒÂÕÌÅÎÃþ Ö ÍÅÚÎþ ÖÒÓÔÖñ ÁÔÍÏÓÆïÒÙ Á 
ËÏÎÖÅËÔÉÖÎþÍ ÔÒÁÎÓÐÏÒÔÅÍ Ë povrchu z ÖñÔĤþÃÈ ÖĻĤÅËȢ  

 
Obr. 1: 6ÅÒÔÉËÜÌÎþ ÐÒÏÆÉÌ ÖÅÌÉËÏÓÔÎþÃÈ ÄÉÓÔÒÉÂÕÃþ ÁÅÒÏÓÏÌÕ ÎÁÄ ÈĠÉĤÔñÍ ÒÜÎÏ ɉÖÌÅÖÏɊ Á ÐÏ 

poledni (vpravo) 
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spolu s ËÏÎÃÅÎÔÒÁÃÅÍÉ ÓÔÏÐÏÖĻÃÈ ÐÌÙÎĳ Á ÍÅÔÅÏÒÏÌÏÇÉÃËĻÃÈ ÐÁÒÁÍÅÔÒĳ ÕÍÏĿĐÕÊÅ 
ÒÏÚËÒĻÔ ÐĠþéÉÎÙ Á ÍÅÃÈÁÎÉÓÍÙ ÖÅÄÏÕÃþ ËÅ ÖÚÎÉËÕ ÚÎÅéÉĤÔñÎþ ÍñÓÔÓËïÈÏ ÏÖÚÄÕĤþȢ 
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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. 
£ÖÅÒÍÏÖ 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 £vermov, 
residential district of Kladno city, about 30 km NW from Prague. Measuring campaign 
was realized from 2nd Feb. to 3rd of March 2016.  

Five minute integrates of PM10 (by Beta Gauge FH 62 I-R), CO, NOx, SO2, O3, CH4, 
NMHC (Horiba APCA-360, APNAɀ360, APHA-360, APSAɀ360, 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 aÔ ÔÈÅ ÆÏÏÔÂÁÌÌ ÆÉÅÌÄ ÉÎ £Öermov (υπЈρπͻπȢτςρͼ.ȟ 
ρτЈφͻτρȢωφυͼ%). 

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) ln(p0/p) ,     (1)  

 
where R is the general gas constant, g is the acceleration of gravity, p0 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-1 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-£ÖÅÒÍÏÖ, 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 
ÄÅÃÒÅÁÓÅÄ ÂÙ πȢω Ј# ÐÅÒ ρππ Í 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-1 median, temperature median was -πȢτ Ј#ȟ ÒÅÌÁÔÉÖÅ ÈÕÍÉÄÉÔÙ ÍÅÄÉÁÎ ως %, global 
radiation 7 Wm-2 and PM10 daily median was 48 АÇÍ-3. 
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Fig. 2: Vertical profiles of teÍÐÅÒÁÔÕÒÅ ɉ4ȾЈ#Ɋ ÁÎÄ ÒÅÌÁÔÉÖÅ ÈÕÍÉÄÉÔÙ ɉ2(ȾϷɊ ÉÎ £ÖÅÒÍÏÖ, 

7. 2. 2016 (left) , 25. 2. 2016, 13:50-13:55 (right).  
 

During 25th January there was similar meteorology: WS median 0.5 ms-1, the same 
SW direction, T median -4.2 Ј#ȟ 2( ÍÅÄÉÁÎ ψπ %, GR median 8 Wm-2 but boundary layer 
×ÁÓÎȭÔ ÓÔÁÂÌÅ ×ÈÉÃÈ ÉÓ ÅÖÉÄÅÎÔ ÆÒÏÍ ÔÈÅ Fig. 2 (right). PM10 ÍÅÄÉÁÎ ×ÁÓ ςυ АÇm-3 which 
is almost twice lower concentration. Gaseous concentrations were: SO2 1.7 ppb,  
O3 34.6 ppb, NO2 4.5 ppb, NO 0.02 ppb, CH4 1.7 ppm. Stronger N wind at the height of 
200 ɀ 270 m was indicated by the balloon floating. 

 
Fig. 3: Vertical profile of tÅÍÐÅÒÁÔÕÒÅ ɉ4ȾЈ#Ɋ ÁÎÄ ÒÅÌÁÔÉÖÅ ÈÕÍÉÄÉÔÙ ɉ2(ȾϷɊ, 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 ms-1, south 
wind predominantly, T -σȢω Ј#ȟ 2( ωςϷȟ '2 χ 7m-2. From 8:00 to 10:15 WS raised from 
0.3 ms-1 to 0.7 ms-1, T from -φȢς Ј# ÔÏ ρȢτ Ј#ȟ 0-10 ÄÅÃÒÅÁÓÅÄ ÆÒÏÍ ςρ АÇÍ-3 to 13 АÇÍ-3 
and relative humidity from 94 % to 77 %. For a comparison, concentration of SO2 raised 
from 1.22 ppb (8:00) to 3.52 ppb (10:00), O3 from 4.34 ppb to 14.7 ppb, NO2 decreased 
from 17.8 ppb to 4.3 ppb, NO from 49.9 ppb to 3.0 ppb, CH4 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,  
PM10 concentration was 51 АÇÍ-3, T was -υȢτ Ј#ȟ πȟω Ís-1 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 PM10 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.  

 
Fig. 4ȡ 4ÅÍÐÅÒÁÔÕÒÅ ɉ4ȾЈ#Ɋ ÁÎÄ ÒÅÌÁÔÉÖÅ ÈÕÍÉÄÉÔÙ ɉ2(ȾϷɊ ÖÓ ÔÈÅ ÈÅÉÇÈÔ ɉÍɊȟ ρςȢ ςȢ ςπρφȟ 

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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+ÁÍÉÌ +~°-!,ȟ 0ÁÖÅÌ -)+5£+!ȟ :ÂÙÎñË 6%I%~! 

 
ªÓÔÁÖ ÁÎÁÌÙÔÉÃËï ÃÈÅÍÉÅȟ !ËÁÄÅÍÉÅ ÖñÄ IÅÓËï ÒÅÐÕÂÌÉËÙȟ ÖȢ ÖȢ ÉȢȟ "ÒÎÏȟ ËÒÕÍÁÌͽÉÁÃÈȢÃÚ 

 
+ÌþéÏÖÜ ÓÌÏÖÁȡ !ÔÍÏÓÆïÒÉÃËĻ ÁÅÒÏÓÏÌȟ 0-ρȟ /ÒÇÁÎÉÃËï ÍÁÒËÅÒÙ 

 
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-
£ÖÅÒÍÏÖɊ ÎÅÁÒ 0ÒÁÇÕÅȢ -ÏÎÏÓÁÃÃÈÁÒÉÄÅ ÁÎÈÙÄÒÉÄÅÓ ÁÎÄ ÒÅÓÉÎ ÁÃÉÄÓ ɉÅÍissions 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. 

 
ª6/$ 

 
6 ÁÔÍÏÓÆïĠÅ ÓÅ ÎÁÃÈÜÚþ ÍÎÏÈÏ ÏÒÇÁÎÉÃËĻÃÈ ÓÌÏÕéÅÎÉÎ ÖÜÚÁÎĻÃÈ ÎÁ ÁÅÒÏÓÏÌÏÖï 

éÜÓÔÉÃÅȟ ËÔÅÒï ÊÓÏÕ ÐÒÏÄÕËÏÖÜÎÙ ÎÅÊÒĳÚÎñÊĤþÍÉ ÚÄÒÏÊÉȡ ÐÒÉÍÜÒÎþ ɉÐĠþÒÏÄÎþȟ ÁÎÔÒÏÐÏÇÅÎÎþɊ 
Á ÓÅËÕÎÄÜÒÎþ ɉÒÅÁËÃÅ Ö ÁÔÍÏÓÆïĠÅɊȢ !ÎÔÒÏÐÏÇÅÎÎþÍÉ ÚÄÒÏÊÉ ÁÅÒÏÓÏÌÕ ÊÓÏÕ ÎÁÐĠȢ ÓÐÁÌÏÖÜÎþ 
ÒÏÐÙȟ ÐÌÙÎÕȟ ÆÏÓÉÌÎþÃÈ ÐÁÌÉÖȟ ÄĠÅÖÁ ÎÅÂÏ ÏÄÐÁÄĳȟ ÄÜÌÅ ÁÕÔÏÍÏÂÉÌÏÖÜ ÄÏÐÒÁÖÁȟ ÐÒĳÍÙÓÌȟ 
ÓËÌÜÄËÙ ÏÄÐÁÄĳ Á ÄÁÌĤþ ɉ+ĠĳÍÁÌ et al., 201ςɊȢ !ÔÍÏÓÆïÒÉÃËï ÁÅÒÏÓÏÌÙ ÐĳÓÏÂþ ĤËÏÄÌÉÖñ ÔÁËï 
ÎÁ ÌÉÄÓËï ÚÄÒÁÖþȢ $ÌÏÕÈÏÄÏÂÜ ÅØÐÏÚÉÃÅ ÖÙÓÏËĻÃÈ ËÏÎÃÅÎÔÒÁÃþ ÁÔÍÏÓÆïÒÉÃËïÈÏ ÁÅÒÏÓÏÌÕ ÓÅ 
ÐÒÏÊÅÖÕÊÅ ÚÖĻĤÅÎþÍ ĭÍÒÔÎÏÓÔÉȟ ÐÏéÔÕ ÎÜÄÏÒÏÖĻÃÈ ÏÎÅÍÏÃÎñÎþ ÐÌÉÃ Á ËÁÒÄÉÏÖÁÓËÕÌÜÒÎþÃÈ 
ÏÎÅÍÏÃÎñÎþ ɉ"ÒÕÎÅËÒÅÅÆ Á (ÏÌÇÁÔÅȟ ςππςɊȢ £ËÏÄÌÉÖÏÓÔ ÁÔÍÏÓÆïÒÉÃËĻÃÈ ÁÅÒÏÓÏÌĳ ÎÁ ÌÉÄÓËï 
ÚÄÒÁÖþ ÊÅ ÄÜÎÁ ÎÅÊÅÎ ÖÅÌÉËÏÓÔþ ÊÅÊÉÃÈ éÜÓÔÉÃȟ ÁÌÅ É ÊÅÊÉÃÈ ÃÈÅÍÉÃËĻÍ ÓÌÏĿÅÎþÍ ɉ+ĠĳÍÁÌ et al., 
2012). 
"ÙÌÏ ÓÌÅÄÏÖÜÎÏ ÃÈÅÍÉÃËï ÓÌÏĿÅÎþ ÆÒÁËÃÅ 0-ρ Ö +ÌÁÄÎñ-£ÖÅÒÍÏÖñ ÓÅ ÚÁÍñĠÅÎþÍ ÎÁ 

ÁÎÁÌĻÚÕ ÍÏÌÅËÕÌÏÖĻÃÈ ÍÁÒËÅÒĳȟ ËÔÅÒï ÓÅ ÖÙÕĿþÖÁÊþ ÐÒÏ ÉÄÅÎÔÉÆÉËÁÃÉ ÅÍÉÓÎþÃÈ ÚÄÒÏÊĳ 
ÁÅÒÏÓÏÌĳȢ 

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

 
/ÒÇÁÎÉÃËï ÓÌÏÕéÅÎÉÎÙ ÂÙÌÙ ÁÎÁÌÙÚÏÖÜÎÙ Ö ÍñÓÔÓËïÍ ÁÅÒÏÓÏÌÕ Ö +ÌÁÄÎñ-£ÖÅÒÍÏÖñ 

ɉÖÚÏÒËÙ ÏÄÅÂþÒÜÎÙ ςȢ ςȢ ɀ ρȢ σȢ ςπρφɊ ÖÅ ÆÒÁËÃÉ 0-ρȢ 0-ρ ÁÅÒÏÓÏÌ ÂÙÌ ÏÄÅÂþÒÜÎ ÐÏÍÏÃþ 
ÖÅÌËÏÏÂÊÅÍÏÖïÈÏ ÖÚÏÒËÏÖÁéÅ $(!-ψπ ɉ$ÉÇÉÔÅÌɊ ÎÁ ËĠÅÍÅÎÎï ÆÉÌÔÒÙ Ï ÐÒĳÍñÒÕ ρυπ ÍÍ 
ɉÐÒĳÔÏË ÖÚÄÕÃÈÕ σπ m3ȾÈɊ ÖÅ ςτ ÈÏÄÉÎÏÖĻÃÈ ÉÎÔÅÒÖÁÌÅÃÈ ɉÚÁéÜÔÅË ÖĿÄÙ Ö ρπȡππɊȢ +ÌÁÄÎÏ 
ɉφψ ÔÉÓþÃ ÏÂÙÖÁÔÅÌɊ ÓÅ ÎÁÃÈÜÚþ ςυ ËÍ ÓÅÖÅÒÏÚÜÐÁÄÎñ ÏÄ 0ÒÁÈÙȢ £ÖÅÒÍÏÖ ÊÅ ÏËÒÁÊÏÖÜ éÔÖÒĩ 
+ÌÁÄÎÁ ɉÚÈÒÕÂÁ τ ÔÉÓþÃÅ ÏÂÙÖÁÔÅÌɊ ÎÁÃÈÜÚÅÊþÃþ ÓÅ Ö ÓÅÖÅÒÎþ éÜÓÔÉ ÍñÓÔÁȢ 
&ÉÌÔÒÙ Ó ÎÁÖÚÏÒËÏÖÁÎĻÍÉ ÁÅÒÏÓÏÌÙ ÂÙÌÙ ÒÏÚÓÔĠþÈÜÎÙ ÎÁ ς éÜÓÔÉȢ 0ÒÖÎþ éÜÓÔ ÂÙÌÁ ÐÏÕĿÉÔÁ 

ÐÒÏ ÓÐÏÌÅéÎÏÕ ÅØÔÒÁËÃÉ ÁÎÈÙÄÒÉÄĳ ÍÏÎÏÓÁÃÈÁÒÉÄĳȟ ÐÒÙÓËÙĠÉéÎĻÃÈ ËÙÓÅÌÉÎȟ 
ÍÅÔÈÏØÙÆÅÎÏÌĳȟ ÍÏÎÏÓÁÃÈÁÒÉÄĳȟ ÄÉÓÁÃÈÁÒÉÄĳ Á ÐÏÌÙÏÌĳ ɉÃÕËÅÒÎĻÃÈ ÁÌËÏÈÏÌĳɊ ÐÏÍÏÃþ 
ÓÍñÓÉ ÄÉÃÈÌÏÒÍÅÔÈÁÎȾÍÅÔÈÁÎÏÌ ɉρȡρ ÖȾÖɊ Ö ÕÌÔÒÁÚÖÕËÏÖï ÖÏÄÎþ ÌÜÚÎÉȢ %ØÔÒÁËÔÙ ÂÙÌÙ ÐÏ 
ÄÅÒÉÖÁÔÉÚÁÃÉ ÁÎÁÌÙÚÏÖÜÎÙ ÐÏÍÏÃþ '#--3 ɉ+ĠĳÍÁÌ et al.ȟ ςπρπɊȢ 6Å ÄÒÕÈï éÜÓÔÉ ÆÉÌÔÒĳ ÂÙÌÙ 
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ÁÎÁÌÙÚÏÖÜÎÙ ÁÌËÁÎÙȟ ÈÏÐÁÎÙȟ ÓÔÅÒÁÎÙ Á ÐÏÌÙÃÙËÌÉÃËï ÁÒÏÍÁÔÉÃËï ÕÈÌÏÖÏÄþËÙ ɉ0!5ɊȢ 
%ØÔÒÁËÃÅ ÐÒÏÂþÈÁÌÙ ÓÍñÓþ ÈÅØÁÎȾÄÉÃÈÌÏÒÍÅÔÈÁÎ ɉρȡρ ÖȾÖɊȢ %ØÔÒÁËÔÙ ÂÙÌÙ ÐÏ ÆÒÁËÃÉÏÎÁÃÉ 
ÁÎÁÌÙÚÏÖÜÎÙ ÐÏÍÏÃþ '#--3 ɉ+ĠĳÍÁÌ et al., 2013, -ÉËÕĤËÁ et al., 2015). 

 
6¸3,%$+9 ! $)3+53% 

 
(ÍÏÔÎÏÓÔÎþ ËÏÎÃÅÎÔÒÁÃÅ 0-ρ ÁÅÒÏÓÏÌÕ Ö +ÌÁÄÎñ-£ÖÅÒÍÏÖñ se pohybovaly mezi 4,34 

ɀ τψȟσ АÇȾÍ3Ȣ 0ÒĳÍñÒÎĻ ÐÒÏÃÅÎÔÕÜÌÎþ ÐĠþÓÐñÖÅË ÓÕÍÙ ÁÎÁÌÙÚÏÖÁÎĻÃÈ ÏÒÇÁÎÉÃËĻÃÈ 
ÓÌÏÕéÅÎÉÎ Ö 0-ρ éÉÎÉÌ τȟφρ %. 
0ÒĳÂñÈÙ ËÏÎÃÅÎÔÒÁÃþ ÁÎÁÌÙÚÏÖÁÎĻÃÈ ÏÒÇÁÎÉÃËĻÃÈ ÓÌÏÕéÅÎÉÎ ÊÓÏÕ ÕÖÅÄÅÎÙ ÎÁ /ÂÒȢ ρȢ 

.ÅÊÖÙĤĤþ ËÏÎÃÅÎÔÒÁÃÅ ÂÙÌÙ ÎÁÌÅÚÅÎÙ ÐÒÏ ÁÎÈÙÄÒÉÄÙ ÍÏÎÏÓÁÃÈÁÒÉÄĳ Á ÐÒÙÓËÙĠÉéÎï 
ËÙÓÅÌÉÎÙȟ ÃÏĿ ÓÏÕÖÉÓþ Ó ÖÙĤĤþÍ ÓÐÁÌÏÖÜÎþÍ ÂÉÏÍÁÓÙ ɉÄĠÅÖÁɊ Ö ÚÉÍÎþÍ ÏÂÄÏÂþȢ %ÍÉÓÎþÍ 
ÚÄÒÏÊÅÍ 0!5 ÍĳĿÅ ÂĻÔ ÓÐÁÌÏÖÜÎþ ÊÁËïÈÏËÏÌÉÖ ÏÒÇÁÎÉÃËïÈÏ ÍÁÔÅÒÉÜÌÕ ɉÓÐÁÌÏÖÜÎþ 
ÂÉÏÍÁÓÙȟ ÆÏÓÉÌÎþÃÈ ÐÁÌÉÖȟ ÏÄÐÁÄĳȟ ÅÍÉÓÅ Ú ÁÕÔÏÍÏÂÉÌÏÖï ÄÏÐÒÁÖÙ Á ÐÒĳÍÙÓÌÕ Á ÄÁÌĤþɊȢ 
-ÅÚÉ ÏÒÇÁÎÉÃËï ÍÁÒËÅÒÙ ÄÏÐÒÁÖÙ Á ÓÐÁÌÏÖÜÎþ ÕÈÌþ ÐÁÔĠþ ÈÏÐÁÎÙ Á ÓÔÅÒÁÎÙȢ 3ÔÅÒÁÎÙ ÓÅ ÄÏ 
ÏÖÚÄÕĤþ ÅÍÉÔÕÊþ ÐÏÕÚÅ Ú ÍÏÔÏÒÏÖĻÃÈ ÏÌÅÊĳȟ ÚÁÔþÍÃÏ ÈÏÐÁÎÙ Ú ÄÏÐÒÁÖÙ ɉÍÏÔÏÒÏÖï ÏÌÅÊÅɊ Á 
ÚÅ ÓÐÁÌÏÖÜÎþ ÕÈÌþȢ 0ÒÏ ÉÄÅÎÔÉÆÉËÁÃÉ ÓÐÁÌÏÖÜÎþ ÒĳÚÎĻÃÈ ÔÙÐĳ ÕÈÌþ ÓÅ ÕĿþÖÁÊþ ÄÉÁÇÎÏÓÔÉÃËï 
ÐÏÍñÒÙ 2- a S- ÉÓÏÍÅÒĳ ρχɻɉ(Ɋȟςρɼɉ(Ɋ-ÈÏÍÏÈÏÐÁÎÕȢ (ÏÍÏÈÏÐÁÎÏÖĻ ÉÎÄÅØ ɍ3Ⱦɉ3Ϲ2Ɋ Ѐ 
0,11 (0,09 ɀ πȟρςɊɎ Á ÐĠþÔÏÍÎÏÓÔ ÐÉÃÅÎÕ ÉÎÄÉËÕÊÅ ÓÐÁÌÏÖÜÎþ ÈÎñÄïÈÏ ÕÈÌþȢ %ÍÉÓÎþ ÚÄÒÏÊÅ 
ÍĳĿÅÍÅ ÏÄ ÓÅÂÅ ÒÏÚÌÉĤÉÔ ÔÁËï ÐÏÍÏÃþ ÄÉÁÇÎÏÓÔÉÃËĻÃÈ ÐÏÍñÒĳ 0!5ȟ ÁÖĤÁË ÊÅÊÉÃÈ ÖÙÕĿÉÔþ ÊÅ 
ÐÒÏÂÌÅÍÁÔÉÃËïȟ ÐÒÏÔÏĿÅ ÈÏÄÎÏÔÙ ÔñÃÈÔÏ ÐÏÍñÒĳ ÓÅ ÖÚÜÊÅÍÎñ ÐĠÅËÒĻÖÁÊþȢ $ÁÌĤþ 
ÎÅÖĻÈÏÄÏÕ ÐÏÕĿÉÔþ ÄÉÁÇÎÏÓÔÉÃËĻÃÈ ÐÏÍñÒĳ ÊÅ ÒÅÁËÔÉÖÉÔÁ 0!5 Ö ÁÔÍÏÓÆïĠÅ Ö ÐĠþÔÏÍÎÏÓÔÉ 
NO2, O3 Á /( ÒÁÄÉËÜÌĳ ɉ+ĠĳÍÁÌ Á ËÏÌȟ ςπρςȠ +ĠĳÍÁÌ Á ËÏÌȟ ςπρσɊȢ 

Koncentrace PAU se pohybovaly mezi 3,50 ɀ 105 ng/m3 ɉÐÒĳÍñÒ ςψȟφ ÎÇȾÍ3). 
$ÉÁÇÎÏÓÔÉÃËĻ ÐÏÍñÒ ÍÅÚÉ ÂÅÎÚÏɉÁɊÐÙÒÅÎÅÍ Á ÂÅÎÚÏɉÅɊÐÙÒÅÎÅÍ ɍ"Å0Ⱦɉ"Å0Ϲ"Á0ɊɎ ÂÙÌ 
ÎÉĿĤþ ÎÅĿ πȟυȟ ÃÏĿ ÉÎÄÉËÕÊÅ ÅÍÉÓÅ ÁÅÒÏÓÏÌÕ Ú ÍþÓÔÎþÃÈ ÚÄÒÏÊĳȢ 
0-ρ ÓÉÌÎñ ËÏÒÅÌÏÖÁÌÙ ÓÅ ÖĤÅÍÉ ÁÎÁÌÙÚÏÖÁÎĻÍÉ ÏÒÇÁÎÉÃËĻÍÉ ÓÌÏÕéÅÎÉÎÁÍÉ ɉÐĠÅÖÜĿÎñ 

s ÁÎÈÙÄÒÉÄÙ ÍÏÎÏÓÁÃÈÁÒÉÄĳ Á 0!5Ɋȟ ÃÏĿ ÄÏËÁÚÕÊÅ ÓÐÁÌÏÖÜÎþ ÏÒÇÁÎÉÃËïÈÏ ÍÁÔÅÒÉÜÌÕ Á 
ÄÏÐÒÁÖÕ ÊÁËÏ ÈÌÁÖÎþ ÅÍÉÓÎþ ÚÄÒÏÊÅ Ö +ÌÁÄÎñ-£ÖÅÒÍÏÖñȢ 3ÉÌÎï ËÏÒÅÌÁÃÅ ÂÙÌÙ ÎÁÌÅÚÅÎÙ ÔÁËï 
ÍÅÚÉ ÒÅÔÅÎÅÍ Á ËÙÓÅÌÉÎÏÕ ÄÅÈÙÄÒÏÁÂÉÅÔÏÖÏÕ ɉÓÐÁÌÏÖÜÎþ ÊÅÈÌÉéÎÁÔïÈÏ ÄĠÅÖÁɊ Á ÍÅÚÉ 
ÐÉÃÅÎÅÍȟ ÈÏÐÁÎÙ Á 0!5 ɉÓÐÁÌÏÖÜÎþ ÕÈÌþɊȢ 
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/ÂÒȢ ρȡ 0ÒĳÂñÈÙ ÈÍÏÔÎÏÓÔÎþÃÈ ËÏÎÃÅÎÔÒÁÃþ 0-ρ ɉАÇȾÍ3Ɋ Á ÓÕÍ ÁÎÁÌÙÚÏÖÁÎĻÃÈ 
ÏÒÇÁÎÉÃËĻÃÈ ÓÌÏÕéÅÎÉÎ ɉÎÇȾÍ3Ɋ ÂñÈÅÍ ÍñĠÅÎþ Ö +ÌÁÄÎñ-£ÖÅÒÍÏÖñȢ 
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:<6Q2 
 
.ÅÊÖÙĤĤþ ËÏÎÃÅÎÔÒÁÃÅ ÂÙÌÙ ÎÁÌÅÚÅÎÙ ÐÒÏ ÁÎÈÙÄÒÉÄÙ ÍÏÎÏÓÁÃÈÁÒÉÄĳ Á ÐÒÙÓËÙĠÉéÎï 

ËÙÓÅÌÉÎÙȟ ËÔÅÒï ÐÏÃÈÜÚÅÊþ ÚÅ ÓÐÁÌÏÖÜÎþ ÂÉÏÍÁÓÙ ɉÄĠÅÖÁɊȢ $ÁÌĤþÍÉ ÉÄÅÎÔÉÆÉËÏÖÁÎĻÍÉ 
ÅÍÉÓÎþÍÉ ÚÄÒÏÊÉ ÂÙÌÁ ÄÏÐÒÁÖÁ ɉÈÏÐÁÎÙȟ ÓÔÅÒÁÎÙȟ ÁÌËÁÎÙ Á 0!5Ɋ Á ÓÐÁÌÏÖÜÎþ ÕÈÌþ ɉÈÏÐÁÎÙȟ 
0!5ɊȢ 6ÚÈÌÅÄÅÍ Ë ÔÏÍÕȟ ĿÅ ÖĤÅÃÈÎÙ ÓËÕÐÉÎÙ ÁÎÁÌÙÚÏÖÁÎĻÃÈ ÏÒÇÁÎÉÃËĻÃÈ ÓÌÏÕéÅÎÉÎ Á 
ÍÁÒËÅÒĳ ÓÉÌÎñ ËÏÒÅÌÏÖÁÌÙ Ó ÈÍÏÔÎÏÓÔÎþÍÉ ËÏÎÃÅÎÔÒÁÃÅÍÉ 0-ρȟ ÊÅ ÖÅÌÍÉ ÏÂÔþĿÎï 
ÓÐÅÃÉÆÉËÏÖÁÔ ÐĠÅÖÁĿÕÊþÃþ ÅÍÉÓÎþ ÚÄÒÏÊ Ö +ÌÁÄÎñ-£ÖÅÒÍÏÖñȢ 

 
0/$Q+/6<.^ 

 
4ÁÔÏ ÐÒÜÃÅ ÂÙÌÁ ÐÏÄÐÏÒÏÖÜÎÁ 'ÒÁÎÔÏÖÏÕ ÁÇÅÎÔÕÒÏÕ IÅÓËï ÒÅÐÕÂÌÉËÙ 0υπσȾρςȾ'ρτχ 

Á ÖĻÚËÕÍÎĻÍ ÚÜÍñÒÅÍ ªÓÔÁÖÕ ÁÎÁÌÙÔÉÃËï ÃÈÅÍÉÅ !6 I2ȟ ÖȢ ÖȢ ÉȢȟ 26/ȡφψπψρχρυȢ 
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+ċĭéÏÖï ÓÌÏÖÜȡ /ÂÒÕÓÏÖÁÎÉÅ ÖÏÚÏÖÉÅËȟ !ÓÆÁÌÔÏÖï ÚÍÅÓÉȟ 4ÕÈï éÁÓÔÉÃÅ 0-ȟ +ÏÎÃÅÎÔÒÜÃÉÅȟ 
CÈÅÍÉÃËï ÚÌÏĿÅÎÉÅ 

 
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. 

ª6/$ 
 

!ÓÆÁÌÔÏÖï ÖÏÚÏÖËÙ ÐÁÔÒÉÁ Ë ÎÁÊÒÏĿĤþÒÅÎÅÊĤþÍ ÔÙÐÏÍ ËÏÎĤÔÒÕËÃÉþ ÖÏÚÏÖÉÅË ÎÁ 
ÖĤÅÔËĻÃÈ ÄÒÕÈÏÃÈ ÃÅÓÔÎĻÃÈ ËÏÍÕÎÉËÜÃÉþȢ .Á 3ÌÏÖÅÎÓËÕ ÂÏÌÏ ÐÏÄċÁ ĭÄÁÊÏÖ 3ÌÏÖÅÎÓËÅÊ 
ÓÐÒÜÖÙ ÃÉÅÓÔ Ë ρȢ ρȢ ςπρσ ÅÖÉÄÏÖÁÎĻÃÈ ρψ ωσπ ËÍ ÃÅÓÔÎĻÃÈ ËÏÍÕÎÉËÜÃÉþȢ : ÈċÁÄÉÓËÁ 
druhu krytu vozoviek ωωȟπψϷ ÐÒÅÄÓÔÁÖÏÖÁÌÉ ÁÓÆÁÌÔÏÖï ÖÏÚÏÖËÙ ɉ$ÅÃËĻ ÅÔ ÁÌȢȟ ςπρτɊȢ 
6ÐÌÙÖÏÍ ÐÒÅÊÁÚÄÏÖ ÖÏÚÉÄÉÅÌ ÄÏÃÈÜÄÚÁ Ë ÍÅÃÈÁÎÉÃËïÍÕ ÏÐÏÔÒÅÂÏÖÁÎÉÕ ÐÏÖÒÃÈÕ 
asfaltovej vozovky ɀ ÏÂÒÕÓÎÅÊ ÖÒÓÔÖÙ ÐÎÅÕÍÁÔÉËÁÍÉ ÖÏÚÉÄÉÅÌȟ ËÔÏÒï ÚÁÐÒþéÉĐÕÊĭ ÐÏÓÔÕÐÎï 
rozdrobovanie a obrusovanie kameniva. )ÎÔÅÎÚÉÔÁ ÄÏÐÒÁÖÙ ÓÁ ÎÅÕÓÔÜÌÅ ÚÖÙĤÕÊÅ Á 
ÎÅÐÒþÊÅÍÎÅ ÏÖÐÌÙÖĐÕÊÅ ĿÉÖÏÔÎï ÐÒÏÓÔÒÅÄÉÅ Á ĿÉÖÏÔÎÏÓĩ ÖÏÚÏÖÉÅËȢ 
.Á ÚÜËÌÁÄÅ ÚþÓËÁÎĻÃÈ ÉÎÆÏÒÍÜÃÉþ Ú ÖÉÁÃÅÒĻÃÈ ÚÁÈÒÁÎÉéÎĻÃÈ Á ÓÌÏÖÅÎÓËĻÃÈ ÖÅÄÅÃËĻÃÈ 

éÌÜÎËÏÖ Á ÖĻÓËÕÍÏÖ Ï ÔÖÏÒÂÅ ÔÕÈĻÃÈ éÁÓÔþÃ Ú ÁÕÔÏÍÏÂÉÌÏÖÅÊ ÄÏÐÒÁÖÙ ɉLÕÒéÁÎÓËÜȟ ςπρπȟ 
Gehrig et al., 2010, Gustafsson et al., 2009, Pirjola et al., 2009, Folkeson et al., 2009) sme 
ÓÁ ÒÏÚÈÏÄÌÉ ÚÁÏÂÅÒÁĩ ÐÒÏÄÕËÃÉÏÕ ÔÕÈĻÃÈ éÁÓÔþÃ Ú obrusu povrchu vozovky . Merania 
ÔÕÈĻÃÈ éÁÓÔþÃȟ ËÔÏÒï ÐÁÔÒÉÁ Ö ÓĭéÁÓÎÅÊ ÄÏÂÅ ÐÏÄċÁ ÐÏÓÌÅÄÎĻÃÈ ÚÉÓÔÅÎþ ÍÅÄÚÉ 
ÎÁÊÚÜÖÁĿÎÅÊĤÉÅ ÐÏÌÕÔÁÎÔÙ Ö %ÕÒĕÐÅ ÓÐÏÌÕ Ó ÐÒþÚÅÍÎĻÍ ÏÚĕÎÏÍ /3 Á ÏØÉÄÏÍ ÄÕÓÉéÉÔĻÍ 
NO2ȟ Óĭ ÖÙËÏÎÜÖÁÎï Ö ÌÁÂÏÒÁÔĕÒÎÙÃÈ ÐÏÄÍÉÅÎËÁÃÈȢ -ÅÒÁÎÉÁÍÉ Ö ÌÁÂÏÒÁÔĕÒÉÕ ÓÁ ÏÄÓÔÒÜÎÉÌ 
ÄÏ ÉÓÔÅÊ ÍÉÅÒÙ ÐÒþÓÐÅÖÏË ÉÎĻÃÈ ÚÄÒÏÊÏÖ ÚÎÅéÉÓÔÅÎÉÁ ɉÓÐÁċÏÖÁÃÉÅ ÅÍÉÓÉÅȟ ÅÍÉÓÉÅ 
z ÏÐÏÔÒÅÂÏÖÁÎÉÁ ÖÏÚÉÄÉÅÌȟ ÒÅÓÕÓÐÅÎÚÉÅ ÃÅÓÔÎïÈÏ ÐÒÁÃÈÕɊ Á ÖÐÌÙÖ ÍÅÔÅÏÒÏÌÏÇÉÃËĻÃÈ 
faktorov. 

 
-%4/$)+! ,!"/2!4s2.9#( -%2!.^ 

 
ªÌÏÈÏÕ ÒÉÅĤÅÎïÈÏ ÖĻÓËÕÍÕ ÊÅ ÐÏÔÖÒÄÉĩ ÏÂÒÕÓ ÐÏÖÒÃÈÕ ÁÓÆÁÌÔÏÖĻÃÈ ÚÍÅÓþ Á ÏÖÅÒÉĩ 

ÖÐÌÙÖ ÚÌÏĿÅÎÉÁ ÁÓÆÁÌÔÏÖÅÊ ÚÍÅÓÉ ÎÁ ÐÒÏÄÕËÃÉÕ ÔÕÈĻÃÈ éÁÓÔþÃȢ  $ĖÌÅĿÉÔÏÕ ÆÜÚÏÕ ÖĻÓËÕÍÕ ÊÅ 
ÓÔÁÎÏÖÅÎÉÅ ÚÁÓÔĭÐÅÎÉÁ ÃÈÅÍÉÃËĻÃÈ ÐÒÖËÏÖ Ö ÎÁÍÅÒÁÎĻÃÈ ÔÕÈĻÃÈ éÁÓÔÉÃÉÁÃÈ Á ÉÃÈ 
ËÏÎÆÒÏÎÔÜÃÉÁ ÓÏ ÚÁÓÔĭÐÅÎþÍ ÔĻÃÈÔÏ ÐÒÖËÏÖ Ö ÃÈÅÍÉÃËÏÍ ÚÌÏĿÅÎþ ÁÓÆÁÌÔÏÖÅÊ ÚÍÅÓÉȢ 
-ÅÒÁÎÉÁ Óĭ ÖÙËÏÎÜÖÁÎï Ö ÌÁÂÏÒÁÔĕÒÉÕ +ÁÔÅÄÒÙ ÃÅÓÔÎïÈÏ ÓÔÁÖÉÔÅċÓÔÖÁȢ Vzorky 

ÁÓÆÁÌÔÏÖĻÃÈ ÚÍÅÓþ ɉÐÌÁÔÎÅ ÖÅċËÏÓÔÉ σςπ Ø ςφπ ÍÍ Á ÈÒĭÂËÙ τπ ÍÍɊ ÐÏÕĿþÖÁÎĻÃÈ ÄÏ 
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ÏÂÒÕÓÎĻÃÈ ÖÒÓÔÉÅÖ ÖÏÚÏÖÉÅË Óĭ ÖÙÊÁÚìÏÖÁÎï ÖÏ ÖÙÊÁÚìÏÖÁÃÏÍ ÚÁÒÉÁÄÅÎþ $9.!-TRACK 
ɉÏÂÒȢ ρɊȟ ËÔÏÒï ÓÁ ÐÏÕĿþÖÁ ÎÁ ÖÙÊÁÚìÏÖÁÎÉÅ ËÏċÁÊþȢ +ÁĿÄÜ ÚÏ ÓËĭĤÁÎĻÃÈ ÖÚÏÒÉÅË ÊÅ 
ĤÐÅÃÉÆÉÃËÜ ÓÖÏÊþÍ ÚÌÏĿÅÎþÍ ɀ ÄÒÕÈ ÁÓÆÁÌÔÕȟ ÍÎÏĿÓÔÖÏ ÁÓÆÁÌÔÕȟ ÄÒÕÈ ËÁÍÅÎÉÖÁȟ ÚÌÏĿÅÎÉÅ 
éÉÁÒÙ ÚÒÎÉÔÏÓÔÉ ËÁÍÅÎÉÖÁȢ 0ÏéÁÓ ÖÙÊÁÚìÏÖÁÎÉÁ ÖÚÏÒÉÅË ÊÅ ÖÚÏÒËÏÖÁÎĻ ÖÚÄÕÃÈ Ú ÖÎĭÔÒÁ 
zariadenia ÐÒþÓÔÒÏÊÍÉ !03 σσςρ ɉ!ÅÒÏÄÙÎÁÍÉÃ 0ÁÒÔÉÃÌÅ 3ÉÚÅÒɊȟ 3-03 σπψπ ɉ3ÃÁÎÎÉÎÇ 
Mobility Particle SiÚÅÒɊ Á ,ÅÃËÅÌ ,63σȢ :ÍÅÓÉ Óĭ ÖÙÊÁÚìÏÖÁÎï Ö ÚÁÒÉÁÄÅÎþ ρς ÈÏÄþÎ ÐÒÉ 
ÕÓÔÜÌÅÎĻÃÈ ÐÒÁÃÏÖÎĻÃÈ ÐÏÄÍÉÅÎËÁÃÈȢ 0ÏéÁÓ ρς ÈÏÄþÎ ÐÒÅÂÅÈÎÅ ςπ πππ ÃÙËÌÏÖ ɉÔȢÊȢ τπ 
000 pojazdov). 

 
/ÂÒȢ ρȡ 6ÙÊÁÚìÏÖÁÃÉÅ ÚÁÒÉÁÄÅÎÉÅ $9.!-42!#+ Á ÖÚÏÒËÙ ÖÙÊÁÚÄÅÎĻÃÈ ÁÓÆÁÌÔÏÖĻÃÈ ÚÍÅÓþ 

 
Pred samÏÔÎĻÍ ÖÙÊÁÚìÏÖÁÎþÍ ÓËĭĤÏÂÎĻÃÈ ÖÚÏÒÉÅË ÁÓÆÁÌÔÏÖĻÃÈ ÚÍÅÓþ ÓÁ ÖÙËÏÎÁÌÉ 

ÓËĭĤËÙ ÃÈÅÍÉÃËïÈÏ ÚÌÏĿÅÎÉÁ ÍÁÔÅÒÉÜÌÏÖ - kamenivo, asfalt ÔĻÃÈÔÏ ÚÍÅÓþ ÒĘÎÔÇÅÎ-
ÆÌÕÏÒÅÓÃÅÎéÎÏÕ ÓÐÅËÔÒÏÓËÏÐÉÏÕ ɉ82& - X-ÒÁÙ ÆÌÕÏÒÅÓÃÅÎÃÅ ÓÐÅÃÔÒÏÓÃÏÐÙɊȢ #ÈÅÍÉÃËÜ 
ÁÎÁÌĻÚÁ ÅØÐÏÎÏÖÁÎĻÃÈ ÆÉÌÔÒÏÖ ÔÕÈĻÍÉ éÁÓÔÉÃÁÍÉ ÊÅ ÒÅÁÌÉÚÏÖÁÎÜ ÈÍÏÔÎÏÓÔÎÏÕ 
ÓÐÅËÔÒÏÍÅÔÒÉÏÕ Ó ÉÎÄÕËéÎÅ ÖÉÁÚÁÎÏÕ ÐÌÁÚÍÏÕ  )#0--3 Ö ÌÁÂÏÒÁÔĕÒÉÕ #ÅÎÔÒÁ ÄÏÐÒÁÖÎþÈÏ 
ÖĻÚËÕÍÕ Ö "ÒÎÅȢ  

 
6¸3,%$+9 $/4%2!*£^#( ,!"/2!4s2.9#( -%2!.^ 

 
0ÒÖÏÔÎï ÍÅÒÁÎÉÁ ÏÂÒÕÓÕ ÖÚÏÒÉÅË ÁÓÆÁÌÔÏÖĻÃÈ ÚÍÅÓþ ÂÏÌÉ ÕÓËÕÔÏéÎÅÎï ÎÁ φ ÖÚÏÒËÜÃÈ 

ÁÓÆÁÌÔÏÖĻÃÈ ÚÍÅÓþ ÐÏÕĿþÖÁÎĻÃÈ ÄÏ ÏÂÒÕÓÎĻÃÈ ÖÒÓÔÉÅÖ ÖÏÚÏÖÉÅËȟ ËÔÏÒï Óĭ ÂÌÉĿĤÉÅ 
ÃÈÁÒÁËÔÅÒÉÚÏÖÁÎï Ö ÔÁÂȢ ρȢ  

 
4ÁÂȢ ρȡ 0ÏÐÉÓ ÖÚÏÒÉÅË ÖÙÊÁÚÄÅÎĻÃÈ ÁÓÆÁÌÔÏÖĻÃÈ ÚÍÅÓþ 

éȢ !ÓÆÁÌÔÏÖÜ ÚÍÅÓ 
:ÎÁéËÁ 
zmesi 

Lom ɀ kamenivo  Asfalt  

1.  AC 11 O 50/70,II D ɀ 5 4ÕÎÅĿÉÃÅ ɀ ËÒÅÍÉéÉÔĻ ÖÜÐÅÎÅÃ CA 50/70 

2.  AC 11 O 50/70,II R ɀ 9 Biely potok - dolomit  CA 50/70 

3.  AC 11 O 50/70,II K ɀ 4 
Biely potok ɀ dolomit  
"ÁÄþÎ - andezit 

CA 50/70 

4.  AC 11 O 50/70,II S ɀ 9 
3ÏÌÏĤÎÉÃÁ ɀ ÍÅÌÁÆĻÒ 
4ÒÓÔþÎ ɀ dolomit  

CA 50/70 

5.  AC 11 O PMB 45/80-75, I R ɀ 8 
-ÁÌÕĿÉÎÜ ɀ ÍÅÌÁÆĻÒ 
Biely potok ɀ dolomit  

PMB 45/80-75 

6.  SMA 11 PMB 45/80-75 S - 4 
3ÏÌÏĤÎÉÃÁ ɀ ÍÅÌÁÆĻÒ 
4ÒÓÔþÎ ɀ dolomit  

PMB 45/80-75 
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6Ï ÖÙÊÁÚìÏÖÁÃÏÍ ÒÁÒÉÁÄÅÎþ ÓÁ ÖÙÊÁÚÄÉÌÉ ς ÐÌÁÔÎÅ Ú ËÁĿÄÅÊ ÚÍÅÓÉ Á ËÁĿÄÜ ÐÌÁÔĐÁ ÓÁ 
ÖÙÊÁÚìÏÖÁÌÁ ς ËÒÜÔ ɉςτ ÖÙÊÁÚìÏÖÁÎþȟ ςψψ ÈÏÄȢ ÍÅÒÁÎþɊȢ 6ĤÅÔËĻÃÈ φ ÖÚÏÒÉÅË ÍÁÌÏ ÐÏéÁÓ 
ÖÙÊÁÚìÏÖÁÎÉÁ ÒÏÖÎÁËï ÐÏÄÍÉÅÎËÙ Ö ÐÒÉÅÓÔÏÒÅ ÖÙÊÁÚìÏÖÁÎÉÁȢ #ÅÌËÏÖÜ ÄĊĿËÁ ÍÅÒÁÎÉÁ ÂÏÌÁ 
ρς ÈÏÄþÎȢ 0ÏéÁÓ ËÁĿÄïÈÏ ÍÅÒÁÎÉÁ ÐÒÅÂÅÈÌÏ ρψπ ÖÚÏÒËÏÖÁÎþ ÐÒþÓÔÏÊÍÉ !03 Á 3-03Ȣ 
0ÏÄÓÔÁÔÎï ÚÁÓÔĭÐÅÎÉÅ ÔÕÈĻÃÈ éÁÓÔþÃȟ ËÔÏÒï ÂÏÌÉ ÎÁÍÅÒÁÎï ÐÒÉ ÖÙÊÁÚìÏÖÁÎþ ÖÚÏÒÉÅË 
ÐÒþÓÔÒÏÊÍÉ !03 Á 3-03ȟ ÓÁ ÐÏÈÙÂÕÊÅ ÐÏÄ ÁÅÒÏÄÙÎÁÍÉÃËĻÍ ÐÒÉÅÍÅÒÏÍ πȟυ ʈÍȢ : toho 
ÄĖÖÏÄÕ Óĭ ÍÅÒÁÎï ÐÏéÁÓ ÖÙÊÁÚìÏÖÁÎÉÁ ÄÖÅ ÆÒÁËÃÉÅ ÔÕÈĻÃÈ éÁÓÔþÃ 0-1 a PM2,5. 
'ÒÁÖÉÍÅÔÒÉÃËÏÕ ÍÅÔĕÄÏÕ ÂÏÌÁ ÓÔÁÎÏÖÅÎÜ ÈÍÏÔÎÏÓÔÎÜ ËÏÎÃÅÎÔÒÜÃÉÁ ÔÕÈĻÃÈ éÁÓÔþÃ 0-1 a 
PM2,5 ÐÒÅ ËÁĿÄï ÍÅÒÁÎÉÅȢ  
6ĻÓÌÅÄËÙ ÈÍÏÔÎÏÓÔÎĻÃÈ ËÏÎÃÅÎÔÒÜÃÉþ 0- ÐÏéÁÓ ÖÙÊÁÚìÏÖÁÎÉÁ ÖÚÏÒÉÅË Óĭ ÕÖÅÄÅÎï ÎÁ 

ÎÁÓÌÅÄÕÊĭÃÏÍ ÏÂÒÜÚËÕ ɉÏÂÒȢ ςɊȢ .ÁÊÖÙĤĤÉÅ ÐÒÉÅÍÅÒÎï ÈÍÏÔÎÏÓÔÎï ËÏÎÃÅÎÔÒÜÃÉÅ ɉρσȟυρ 
ʈÇȾÍ3Ɋ ÂÏÌÉ ÎÁÍÅÒÁÎï ÐÒÉ ÚÍÅÓÉ !# ρρ Ó ÃÅÓÔÎĻÍ ÁÓÆÁÌÔÏÍ CA 50/70 s ÏÚÎÁéÅÎþÍ 3 ɀ 9 
a ÎÁÊÎÉĿĤÉÅ ËÏÎÃÅÎÔÒÜÃÉÅ ɉχȟςρ ʈÇȾÍ3Ɋ ÂÏÌÉ ÚÁÚÎÁÍÅÎÁÎï ÐÒÉ ÚÍÅÓÉ !# ρρ ÓÏ ÓÐÏÊÉÖÏÍ #! 
50/70 s ÏÚÎÁéÅÎþÍ $ ɀ υȢ :ÍÅÓÉ ÓÁ ÌþĤÉÁ ÐÏÕĿÉÔĻÍ ÄÒÕÈÏÍ ËÁÍÅÎÉÖÁȢ 0ÒÉ ÚÍÅÓÉ Ó 
ÎÁÊÖÙĤĤþÍÉ ËÏÎÃÅÎÔÒÜÃÉÁÍÉ ÂÏÌÏ ÐÏÕĿÉÔï ËÁÍÅÎÉÖÏ ÍÅÌÁÆĻÒ Á dolomit  a pri zmesi 
s ÎÁÊÎÉĿĤþÍÉ ËÏÎÃÅÎÔÒÜÃÉÁÍÉ ÂÏÌÏ ÐÏÕĿÉÔï ËÁÍÅÎÉÖÏ ËÒÅÍÉéÉÔĻ ÖÜÐÅÎÅÃȢ  

 
/ÂÒȢ ςȡ 0ÒÉÅÍÅÒÎï ÈÍÏÔÎÏÓÔÎï ËÏÎÃÅÎÔÒÜÃÉÅ 0- ÎÁÍÅÒÁÎï ÐÏÍÏÃÏÕ ,ÅÃËÅÌ ,63σ 
 
0ÒÅÄ ÓÁÍÏÔÎĻÍÉ ÍÅÒÁÎÉÁÍÉ ÏÂÒÕÓÕ ÖÚÏÒÉÅË ÚÍÅÓþ ÖÏ ÖÙÊÁÚìÏÖÁÃÏÍ ÚÁÒÉÁÄÅÎþ ÓÁ 

vykonali aj merania pÒÏÓÔÒÅÄÉÁ ÌÁÂÏÒÁÔĕÒÉÁ ÐÏÍÏÃÏÕ ,ÅÃËÌÏÖȟ ÁÂÙ ÂÏÌÏ ÍÏĿÎï ÐÏÔÖÒÄÉĩ 
ÒÏÚÄÉÅÌ ÍÅÄÚÉ ÌÁÂÏÒÁÔĕÒÎÙÍ ÐÒÏÓÔÒÅÄþÍ Á ÐÒÏÓÔÒÅÄþÍ ÖÏ ÖÎĭÔÒÉ ÖÙÊÁÚìÏÖÁÃÉÅÈÏ 
ÚÁÒÉÁÄÅÎÉÁȢ 3ÔÁÎÏÖÉÌÉ ÓÁ ÈÍÏÔÎÏÓÔÎï ËÏÎÃÅÎÔÒÜÃÉÅ ÆÒÁËÃÉþ 0-1 a PM2,5Ȣ 0ÒÅ ÌÁÂÏÒÁÔĕÒÎÅ 
ÐÒÏÓÔÒÅÄÉÅ ÂÏÌÉ ÎÁÍÅÒÁÎï ËÏÎÃÅÎÔÒÜÃÉÅ ÖÏ ÖĻĤËÅ σȟωψ ʈÇȾÍ3 pre PM2,5 a σȟπτ ʈÇȾÍ3 pre 
PM1Ȣ 2ÏÚÄÉÅÌ ÍÅÄÚÉ ÐÒÏÓÔÒÅÄþÍ ÌÁÂÏÒÁÔĕÒÉÁ Á zmesou s ÎÁÊÎÉĿĤþÍÉ ËÏÎÃÅÎÔÒÜÃÉÁÍÉ ÊÅ σȟςσ 
ʈÇȾÍ3 pre PM2,5 a ρȟτς ʈÇȾÍ3 pre PM1.  
3ËĭĤËÁÍÉ ÃÈÅÍÉÃËïÈÏ ÚÌÏĿÅÎÉÁ ÍÁÔÅÒÉÜÌÏÖ ÚÍÅÓþ ÓÁ ÚÉÓÔÉÌÏȟ ĿÅ ÁÓÆÁÌÔ ÏÂÓÁÈÕÊÅ 

ÐÒÉÂÌÉĿÎÅ τȟψ Ϸ ÁÎÏÒÇÁÎÉÃËĻÃÈ ÐÒÖËÏÖ Á ÚÖÙĤÏË ÐÒÅÄÓÔÁÖÕÊĭ ÏÒÇÁÎÉÃËï ÐÒÖËÙȢ .ÁÊÖßéĤÉÅ 
ÚÁÓÔĭÐÅÎÉÅ ÍÜ ÓþÒÁ 3 ɉτȟρω ϷɊȢ 6ÙĤĤþ ÐÏÄÉÅÌ ÍÁÌÉ ÐÒÖËÙ ËÒÅÍþË 3É ɉπȟςρ ϷɊ Á ÃÈÌĕÒ #Ì 
ɉπȟρχ ϷɊȢ #ÈÅÍÉÃËï ÁÎÁÌĻÚÙ ÓÁ ÖÙËÏÎÁÌÉ ÁÊ ÐÒÅ ÖĤÅÔËÙ ÄÒÕÈÙ ÐÏÕĿÉÔïÈÏ ËÁÍÅÎÉÖÁ vo 
vzorËÜÃÈȢ : ÖĻÓÌÅÄËÏÖ ÖÙÐÌÙÎÕÌÏȟ ĿÅ Ö ËÁÍÅÎÉÖÅ ÍÁÊĭ ÎÁÊÖßéĤÉÅ ÐÅÒÃÅÎÔÕÜÌÎÅ ÚÁÓÔĭÐÅÎÉÅ 
ÐÒÖËÙ ËÒÅÍþË 3É Á ÖÜÐÎÉË #ÁȢ 0ÒÖËÙ Ó ÎÉĿĤþÍ ÚÁÓÔĭÐÅÎþÍ Ö ËÁÍÅÎÉÖÅ Óĭ -Çȟ !Ìȟ &ÅȢ .Á 
ÚÜËÌÁÄÅ ÁÎÁÌĻÚ ËÁÍÅÎÉÖÁ Á ÁÓÆÁÌÔÕ ÂÏÌÏ ÖÙÂÒÁÎĻÃÈ ρσ ÐÒÖËÏÖ ɉCa, Si, Mg, Al, Fe, P, S, Cl, K, 
V, Cr, Mn, Na) ÎÁ ÐÏÔÖÒÄÅÎÉÅ ÏÂÒÕÓÕ ÐÏÖÒÃÈÏÖ ÖÚÏÒÉÅËȢ .ÜÓÌÅÄÎÅ ÓÁ Èmotnostnou 
ÓÐÅËÔÒÏÍÅÔÒÉÏÕ Ó ÉÎÄÕËéÎÅ ÖÉÁÚÁÎÏÕ ÐÌÁÚÍÏÕ ÁÎÁÌÙÚÏÖÁÌÉ ÅØÐÏÎÏÖÁÎï ÆÉÌÔÒÅ ɉυρ ÆÉÌÔÒÏÖɊ 
ÎÁ ÐÒþÔÏÍÎÏÓĩ ÖÙÂÒÁÎĻÃÈ ρσ ÐÒÖËÏÖȢ  
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.ÁÓÌÅÄÕÊĭÃÉ ÏÂÒÜÚÏË ɉÏÂÒȢ σɊ ÐÒÅÚÅÎÔÕÊÅ ÖĻÓÌÅÄËÙ ÁÎÁÌĻÚ ÖÙÂÒÁÎĻÃÈ ÐÒÖËÏÖȢ 0ÒÅ 
ËÁĿÄĭ ÚÍÅÓ ɉς ÐÌÁÔÎÅȟ τ ÖÙÊÁÚìÏÖÁÎÉÁɊ ÓÁ ÁÎÁÌÙÚÏÖÁÌÉ τ ÆÉÌÔÒÅ ÐÒÅ ÆÒÁËÃÉÕ 0-1 a 4 filtre 
pre frakciu PM2,5.  

 
/ÂÒȢ σȡ 0ÒÉÅÍÅÒÎï ÈÍÏÔÎÏÓÔÎï ËÏÎÃÅÎÔÒÜÃÉÅ ÁÎÁÌÙÚÏÖÁÎĻÃÈ ÐÒÖËÏÖ Ö 0-2,5 

 

/ÂÒÜÚÏË ÐÒÅÚÅÎÔÕÊÅ ÐÒÉÅÍÅÒÎï ÈÍÏÔÎÏÓÔÎï ËÏÎÃÅÎÔÒÜÃÉÅ ÖÙÂÒÁÎĻÃÈ ρσ ÐÒÖËÏÖ Ö 
ÚÁÃÈÙÔÅÎĻÃÈ ÔÕÈĻÃÈ éÁÓÔÉÃÉÁÃÈ 0-2,5 ÐÒÅ ËÁĿÄĭ ÔÅÓÔÏÖÁÎĭ ÖÚÏÒËÕ ÁÓÆÁÌÔÏÖÅÊ ÚÍÅÓÉȢ 
.ÁÊÖßéĤÉÅ ÚÁÓÔĭÐÅÎÉÅ ÐÒÅÄÓÔÁÖÕÊĭ ÐÒÖËÙ #Áȟ 3 a Cl. Vo vzorke D ɀ υ Óĭ ÁÎÁÌÙÚÏÖÁÎï 
ÎÁÊÖÙĤĤÉÅ ËÏÎÃÅÎÔÒÜÃÉÅ ÖÙÂÒÁÎĻÃÈ ρσ ÐÒÖËÏÖȟ ÓÐÏÌÕ ÐÒÅÄÓÔÁÖÕÊĭ ψσσȟστ ÍÇȾÇ ÔÕÈĻÃÈ 
éÁÓÔþÃ ÆÒÁËÃÉÅ 0-2,5. Vo vzorke D ɀ υ ÍÜ ÎÁÊÖßéĤÉÅ ÚÁÓÔĭÐÅÎÉÅ ÖÜÐÎÉË #Á Ó ËÏÎÃÅÎÔÒÜÃÉÏÕ 
546,22 mg/g PM2,5 Á ÓþÒÁ 3 s ÎÁÊÖÙĤĤÏÕ ËÏÎÃÅÎÔÒÜÃÉÏÕ ρςφȟρυ ÍÇȾÇ 0-2,5Ȣ #ÈÌĕÒ #Ì ÍÜ 
s ËÏÎÃÅÎÔÒÜÃÉÏÕ ψρȟτχ ÍÇȾÇ 0-2,5 ÎÁÊÖßéĤÉÅ ÚÁÓÔĭÐÅÎÉÅ ÖÏ ÖÚÏÒËÅ ÏÚÎÁéenej S ɀ 4. 
.ÁÊÎÉĿĤÉÅ ËÏÎÃÅÎÔÒÜÃÉÅ ÂÏÌÉ ÚÁÚÎÁÍÅÎÁÎï ÐÒÅ ÐÒÖÏË 6 ɉÖ ÒÏÚÍÅÄÚþ ÏÄ ρπ ÄÏ ρτπ АÇȾÇ 
PM2,5) a pre prvky Cr, Mn a P.  
: ÇÒÁÆÏÖ ÊÅ ÚÒÅÊÍïȟ ĿÅ ÖĤÅÔËÙ ÖÙÂÒÁÎï ÐÒÖËÙ ÓÁ ÖÙÓËÙÔÕÊĭ Ö ÚÁÃÈÙÔÅÎĻÃÈ ÔÕÈĻÃÈ 

éÁÓÔÉÃÉÁÃÈȢ #ÈÅÍÉÃËĻÍÉ ÁÎÁÌĻÚÁÍÉ ÓÁ ÐÒÅÕËÜÚÁÌÏȟ ĿÅ ÕÖÏċÎÅÎï éÁÓÔÉÃÅ Ú ÏÂÒÕÓÕ ÐÏÖÒÃÈÕ 
ÖÚÏÒÉÅË ÚÍÅÓþ ÐÏéÁÓ ÖÙÊÁÚìÏÖÁÎÉÁ ÍÁÊĭ ÐÏÄÏÂÎï ÚÌÏĿÅÎÉÅ ÁËÏ ÊÅ ÚÌÏĿÅÎÉÅ ÚÜËÌÁÄÎĻÃÈ 
ÍÁÔÅÒÉÜÌÏÖ ÔĻÃÈÔÏ ÚÍÅÓþ ɉËÁÍÅÎÉÖÁȟ ÁÓÆÁÌÔÏÖïÈÏ ÓÐÏÊÉÖÁɊȢ  
.ÁÊÖÙĤĤÉÅ ËÏÎÃÅÎÔÒÜÃÉÅ ÖÙÂÒÁÎĻÃÈ ÐÒÖËÏÖ ÂÏÌÉ ÁÎÁÌÙÚÏÖÁÎï ÖÏ ÖÚÏÒËÅ $ - 5. Aj 

naprieË ÓËÕÔÏéÎÏÓÔÉȟ ĿÅ ÖÚÏÒËÁ Ó ÏÚÎÁéÅÎþÍ $ - υ ÍÜ ÎÁÊÎÉĿĤÉÅ ÎÁÍÅÒÁÎï ÈÍÏÔÎÏÓÔÎï 
ËÏÎÃÅÎÔÒÜÃÉÅ éÁÓÔþÃȢ .ÁÊÖÙĤĤÉÅ ÈÍÏÔÎÏÓÔÎï ËÏÎÃÅÎÔÒÜÃÉÅ ÖÜÐÎÉËÁ ÂÏÌÉ ÎÁÍÅÒÁÎï ÖÏ 
ÖÚÏÒËÅȟ Ö ËÔÏÒÏÍ ÊÅ ÐÏÕĿÉÔï ËÁÍÅÎÉÖÏ ËÒÅÍÉéÉÔĻ ÖÜÐÅÎÅÃȢ +ÁÍÅÎÉÖÏ ÂÏÈÁÔï ÎÁ ÖÜÐÅÎÃÅ 
ÊÅ ÎÜÃÈÙÌÎï ÎÁ ÖÙÈÌÁÄÉÔÅċÎÏÓĩ ÐÏÖÒÃÈÕȟ ËÁÍÅÎÉÖÏ ÂÏÈÁÔï ÎÁ ĿÉÖÃÅ ÍÜ ÐÒÉÅÍÅÒÎĭ 
ÖÙÈÌÁÄÉÔÅċÎÏÓĩ Á ËÁÍÅÎÉÖÏ ÂÏÈÁÔï ÎÁ ËÒÅÍÅĐ ÊÅ ÐÏÍÅÒÎÅ ÏÄÏÌÎï ÖÏéÉ ÖÙÈÌÁÄÅÎÉÕ 
ɉ!ÂÁÆÆÙÏÖÜȟ ςπρρɊȢ   
/ÂÒÜÚÏË ɉÏÂÒȢ τɊ ÐÒÅÚÅÎÔÕÊÅ ÐÅÒÃÅÎÔÕÜÌÎÅ ÚÁÓÔĭÐÅÎÉÅ ÖÙÂÒÁÎĻÃÈ ÁÎÁÌÙÚÏÖÁÎĻÃÈ 

ÐÒÖËÏÖ Ö ÚÁÃÈÙÔÅÎĻÃÈ ÔÕÈĻÃÈ éÁÓÔÉÃÉÁÃÈ ÆÒÁËÃÉÅ 0-2,5ȟ ËÔÏÒï ÃÈÁÒÁËÔÅÒÉÚÕÊĭ ÚÜËÌÁÄÎï 
ÍÁÔÅÒÉÜÌÙ ÁÓÆÁÌÔÏÖĻÃÈ ÚÍÅÓþȢ !ÎÁÌÙÚÏÖÁÎï ÐÒÖËÙ ÍÁÊĭ ÎÁÊÖßéĤÉÅ ÚÁÓÔĭÐÅÎÉÅ Ö zmesi AC 
11 s ÏÚÎÁéÅÎþÍ $ ɀ υȢ 0ÒÅÄÓÔÁÖÕÊĭ ψσȟσσ Ϸ ÃÅÌËÏÖÅÊ ÈÍÏÔÙ éÁÓÔþÃȢ  
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/ÂÒȢ τȡ :ÁÓÔĭÐÅÎÉÅ ÖÙÂÒÁÎĻÃÈ ρσ ÐÒÖËÏÖ Ö ÚÁÃÈÙÔÅÎĻÃÈ ÔÕÈĻÃÈ éÁÓÔÉÃÉÁÃÈ 0-2,5 

 
:<6%29 ! $)3+53)! + 2)%£%.%* 02/",%-!4)+E 

 
V ÒÜÍÃÉ ÖĻÓËÕÍÕ ÐÒÅÂÅÈÌÉ ÐÏéÉÁÔÏéÎï ÌÁÂÏÒÁÔĕÒÎÅ ÍÅÒÁÎÉÁ φ ÖÚÏÒÉÅË ÁÓÆÁÌÔÏÖĻÃÈ 

ÚÍÅÓþ ÐÒÅ ÏÂÒÕÓÎï ÖÒÓÔÖÙ ÖÏÚÏÖÉÅËȢ "ÏÌÉ ÎÁÍÅÒÁÎï ÐÏéÅÔÎï Á ÈÍÏÔÎÏÓÔÎï ËÏÎÃÅÎÔÒÜÃÉÅ 
ÔÕÈĻÃÈ éÁÓÔþÃ ÕÖÏċÎÅÎĻÃÈ ÐÏéÁÓ ÖÙÊÁÚìÏÖÁÎÉÁ ÖÚÏÒÉÅËȢ :Ï ÚÁÔÉÁċ ÔÅÓÔÏÖÁÎĻÃÈ ÁÓÆÁÌÔÏÖĻÃÈ 
ÚÍÅÓþ ÓÁ ÖÙËÏÎÁÌÏ ÃÅÌËÏÖÏ ςτ ÔÅÓÔÏÖ ÐÒÅ φ ÖÚÏÒÉÅË ÚÍÅÓþȢ 6ÚÏÒËÙ ÓÁ ÏÄÌÉĤÏÖÁÌÉ ÐÏÕĿÉÔĻÍ 
ÄÒÕÈÏÍ ËÁÍÅÎÉÖÁ Á ÁÓÆÁÌÔÕȢ .ÁÊÖÙĤĤÉÅ ÐÒÉÅÍÅÒÎï ÈÍÏÔÎÏÓÔÎï  ËÏÎÃÅÎÔÒÜÃÉÅ 0-2,5 boli 
ÎÁÍÅÒÁÎï ÐÒÉ ÚÍÅÓÉ Ó ÏÚÎÁéÅÎþÍ 3 ɀ ω ɉ!# ρρ Ó ËÌÁÓÉÃËĻÍ ÓÐÏÊÉÖÏÍɊ Á ÎÁÊÎÉĿĤÉÅ 
ËÏÎÃÅÎÔÒÜÃÉÅ ÂÏÌÉ ÚÁÚÎÁÍÅÎÁÎï ÐÒÉ ÚÍÅÓÉ Ó ÏÚÎÁéÅÎþÍ $ ɀ υ ɉ!# ρρ Ó ËÌÁÓÉÃËĻÍ 
ÓÐÏÊÉÖÏÍɊȢ 0ÒÉ ÚÍÅÓÉ Ó ÎÁÊÖÙĤĤþÍÉ ËÏÎÃÅÎÔÒÜÃÉÁÍÉ ÂÏÌÏ ÐÏÕĿÉÔï ËÁÍÅÎÉÖÏ ÍÅÌÁÆĻÒ Á 
ÄÏÌÏÍÉÔ Á ÐÒÉ ÚÍÅÓÉ Ó ÎÁÊÎÉĿĤþÍÉ ËÏÎÃÅÎÔÒÜÃÉÁÍÉ ÂÏÌÏ ÐÏÕĿÉÔï ËÁÍÅÎÉÖÏ ËÒÅÍÉéÉÔĻ 
ÖÜÐÅÎÅÃȢ 
"ÏÌÉ ÕÓËÕÔÏéÎÅÎï ÃÈÅÍÉÃËï ÁÎÁÌĻÚÙ ÚÜËÌÁÄÎĻÃÈ ÍÁÔÅÒÉÜÌÏÖ ÚÍÅÓþ ÒĘÎÔÇÅÎ-

ÆÌÕÏÒÅÓÃÅÎéÎÏÕ ÓÐÅËÔÒÏÓËÏÐÉÏÕ 82& Á ÔÕÈĻÃÈ éÁÓÔþÃ ÚÁÃÈÙÔÅÎĻÃÈ ÎÁ ÎÉÔÒÏÃÅÌÕÌĕÚÏÖĻÃÈ 
ÆÉÌÔÒÏÃÈ ÈÍÏÔÎÏÓÔÎÏÕ ÓÐÅËÔÒÏÍÅÔÒÉÏÕ Ó ÉÎÄÕËéÎÅ Öiazanou plazmou ICP--3Ȣ .Á ÚÜËÌÁÄÅ 
ÁÎÁÌĻÚ ËÁÍÅÎÉÖÁ Á ÁÓÆÁÌÔÕ ÂÏÌÏ ÖÙÂÒÁÎĻÃÈ ρσ ÐÒÖËÏÖ #Áȟ 3Éȟ -Çȟ !Ìȟ &Åȟ 0ȟ 3ȟ #Ìȟ +ȟ 6ȟ #Òȟ 
Mn, Na na potvrdenie obrusu povrchov vzoriek.  

Z ÁÎÁÌĻÚ ÅØÐÏÎÏÖÁÎĻÃÈ ÆÉÌÔÒÏÖ ÓÁ ÚÉÓÔÉÌÉ ÈÍÏÔÎÏÓÔÎï ËÏÎÃÅÎÔÒÜÃÉÅ ÓËĭÍÁÎĻÃÈ ÐÒÖËÏÖ 
pÒÅ ËÁĿÄĭ ÔÅÓÔÏÖÁÎĭ ÚÍÅÓȢ .ÁÊÖßéĤÉÅ ÚÁÓÔĭÐÅÎÉÅ ÐÒÅÄÓÔÁÖÕÊĭ ÐÒÖËÙ #Áȟ 3 Á #ÌȢ : 
ÖĻÓÌÅÄËÏÖ ÊÅ ÚÒÅÊÍïȟ ĿÅ ÖĤÅÔËÙ ÖÙÂÒÁÎï ÐÒÖËÙ ÓÁ ÖÙÓËÙÔÕÊĭ Ö ÚÁÃÈÙÔÅÎĻÃÈ ÔÕÈĻÃÈ 
éÁÓÔÉÃÉÁÃÈȢ #ÈÅÍÉÃËĻÍÉ ÁÎÁÌĻÚÁÍÉ ÓÁ ÐÒÅÕËÜÚÁÌÏȟ ĿÅ ÕÖÏċÎÅÎï éÁÓÔÉÃÅ Ú ÏÂÒÕÓÕ ÐÏÖÒÃÈÕ 
ÖÚÏÒÉÅË ÚÍÅÓþ ÐÏéÁÓ ÖÙÊÁÚìÏÖÁÎÉÁ ÍÁÊĭ ÐÏÄÏÂÎï ÚÌÏĿÅÎÉÅ ÁËÏ ÊÅ ÚÌÏĿÅÎÉÅ ÚÜËÌÁÄÎĻÃÈ 
ÍÁÔÅÒÉÜÌÏÖ ÔĻÃÈÔÏ ÚÍÅÓþ ɉËÁÍÅÎÉÖÁȟ ÁÓÆÁÌÔÏÖïÈÏ ÓÐÏÊÉÖÁɊȢ 
#ÉÅċÏÍ ÅØÐÅÒÉÍÅÎÔÜÌÎÙÃÈ ÍÅÒÁÎþ ÊÅ ÏÖÅÒÉĩ ÖÐÌÙÖ ÚÌÏĿÅÎÉÁ ÁÓÆÁÌÔÏÖÅÊ ÚÍÅÓÉ ÎÁ 

ÐÒÏÄÕËÃÉÕ ÔÕÈĻÃÈ éÁÓÔþÃ ÐÒÉ ÖÙÊÁÚìÏÖÁÎþ ÖÚÏÒËÙȢ 0ÏÚÎÁÔËÙ Ú ÃÈÅÍÉÃËĻÃÈ ÁÎÁÌĻÚ ÊÅ ÍÏĿÎï 
ìÁÌÅÊ ÁÐÌÉËÏÖÁĩ Ö ìÁÌĤÅÊ ÆÜÚÅ ÖĻÓËÕÍÕ ÐÒÉ ÓËĭÍÁÎþ Á ÏÖÅÒÅÎþ ÔÏÈÔÏ ÖÐÌÙÖÕȢ  
6 ÍÅÒÁÎÉÁÃÈ ÓÁ ÎÁìÁÌÅÊ ÐÏËÒÁéÕÊÅȟ Óĭ ÏéÁËÜÖÁÎï ìÁÌĤÉÅ ÖÙÈÏÄÎÏÔÅÎÉÁ ËÏÎÃÅÎÔÒÜÃÉþ 

éÁÓÔþÃ Á ÏÂÓÁÈÏÖ ÊÅÄÎÏÔÌÉÖĻÃÈ ÓËĭÍÁÎĻÃÈ ÐÒÖËÏÖ Ö 0-ȟ ÁÂÙ ÂÏÌÏ ÍÏĿÎï ÐÏÒÏÖÎÁĩ ÚÍÅÓÉ 
ÍÅÄÚÉ ÓÅÂÏÕ Ú ÐÏÈċÁÄÕ ÐÒÏÄÕËÃÉÅ 0-Ȣ 6 ìÁÌĤÅÊ ÆÜÚÅ ÅØÐÅÒÉÍÅÎÔÜÌÎÙÃÈ ÍÅÒÁÎþ ÓÁ 
ÖÙËÏÎÁÌÉ ÁÊ ÍÅÒÁÎÉÁ ÐÒÏÓÔÒÅÄÉÁ ÌÁÂÏÒÁÔĕÒÉÁ ÐÏéÁÓ ËÁĿÄïÈÏ ÖÙÊÁÚìÏÖÁÎÉÁ Á ÍÅÒÁÎÉÁ ÎÁ 
ÓÌÅÐÅÊ ÖÚÏÒËÅ ÚÁ ĭéÅÌÏÍ ÚÉÓÔÅÎÉÁ ÐÏÔÅÎÃÉÏÎÜÌÎÅÈÏ ÒÏÚÄÉÅÌÕ ÍÅÄÚÉ ÐÒÏÓÔÒÅÄþÍ ÌÁÂÏÒÁÔĕria 
a ÐÒÏÓÔÒÅÄþÍ ÖÏ ÖÎĭÔÒÉ ÖÙÊÁÚìÏÖÁÃÉÅÈÏ ÚÁÒÉÁÄÅÎÉÁȢ 
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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 (< 1mm) 
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 I/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 PM10 and PM2.5 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 ɀ 10 
mm (16 size channels). The low volume samplers were equipped with quartz fiber filters 
(PM10 and PM2.5) and Teflon filters (PM2.5). 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. 

 

 
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 PM10 and PM2.5 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 PM10 and PM2.5 samples. Therefore, only PM2.5 mass 
closure is discussed in this abstract (see Fig. 3). The results are split again into four 
groups ɀ 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 PM2.5, 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: PM2.5 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 
2ÅÇÉÏÎÁÌ !ÒÃÈÉÖÅÓ ÉÎ 4ĠÅÂÏĐ ɉÓÍÁÌÌ ÔÏ×ÎɊȟ ɉςɊ ÔÈÅ $ÅÐÏÓÉÔÏÒÙ ÏÆ ÔÈÅ 2ÅÓÅÁÒÃÈ ,ÉÂÒÁÒÙ ÏÆ 
3ÏÕÔÈ "ÏÈÅÍÉÁ ÉÎ :ÌÁÔÜ +ÏÒÕÎÁ ɉÒÕÒÁÌɊȟ ɉσɊ ÔÈÅ ,ÉÂÒÁÒÙ ÉÎ ÔÈÅ 2ÅÇÉÏÎÁÌ -ÕÓÅÕÍ ÉÎ 
Teplice (industrial area), and (4) two depositories (Land Rolls ɀ LR and New Vault ɀ NV) 
ÉÎ ÔÈÅ .ÁÔÉÏÎÁÌ !ÒÃÈÉÖÅÓ ÉÎ 0ÒÁÇÕÅ ɉÌÁÒÇÅ ÃÉÔÙɊȢ  4ÈÅ ÁÒÃÈÉÖÅÓ ÉÎ 4ĠÅÂÏĐȟ :ÌÁÔÜ +ÏÒÕÎÁ ÁÎÄ 
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 
ÄÅÔÁÉÌÓ ÉÎ ÐÒÅÖÉÏÕÓ ÐÕÂÌÉÃÁÔÉÏÎÓ ɉ-ÁĤËÏÖÜ ÅÔ ÁÌȢȟ ςπρυȟ 6ÉÃÈÉ ÅÔ ÁÌȢȟ ςπρφɊȢ 

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 ÃÏÎÓÉÄÅÒÅÄ ɉ,ÕÎÄÅÎ ÅÔ ÁÌȢȟ ςππσȟ !ÎÄñÌÏÖÜ 
ÅÔ ÁÌȢȟ ςπρπȟ ,ĕÐÅÚ-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 

ÏÕÔÄÏÏÒÓ ɉϻÓÔÁÎÄÁÒÄ ÄÅÖÉÁÔÉÏÎɊ 
 
This indicates another source of ammonia in all of the archives. Typical indoor 

ÓÏÕÒÃÅÓȟ ÓÕÃÈ ÁÓ ÃÌÅÁÎÉÎÇ ÐÒÏÄÕÃÔÓ ɉ£ÉĤÏÖÉé ÅÔ ÁÌȢȟ ρωψχɊȟ ÍÅÔÁÂÏÌÉÃ ÁÃÔÉÖÉÔÉÅÓ ÏÆ ÖÉÓÉÔÏÒÓ 
(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 
NH3 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 
ÆÒÏÍ ÔÈÅ ÉÎÉÔÉÁÌ ÖÁÌÕÅÓ ÁÐÐÒÏØÉÍÁÔÅÌÙ ρππ АÇ Í-3 ÔÏ ÌÅÓÓ ÔÈÁÎ ρ АÇ Í-3. 
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¼ÄþÍÁÌȟ 6Ȣ /ÕÔÄÏÏÒ ÁÎÄ )ÎÄÏÏÒ !ÅÒÏÓÏÌ $ÙÎÁÍÉÃÓ ÆÒÏÍ 5ÒÂÁÎ "ÁÃËÇÒÏÕÎÄ 
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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 
σ АÍ (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 
 

-ÅÁÎ ÉÎÄÏÏÒ ɉωȢφ АÇȾÍ3Ɋ ÁÎÄ ÏÕÔÄÏÏÒ ɉυȢχ АÇȾÍ3) PM concentrations are below the 
24-hour and annual U.S. National Ambient Air Quality Standards (NAAQS) for PM2.5. 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 heating type and candles burning. 

 
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 (ZþËÏÖÜ et al., 2016).  
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6¸3,%$+9 -Q~%.^ 02/&%3)/.<,.^ %80/:)#% 0/,%4!6¸- !%2/3/,°-  
6 02!#/6.^- /6:$5£^ 

 
£ÜÒËÁ "%2.!4^+/6<ȟ 2ÁÄËÁ 0~)#(934!,/6<ȟ ,ÕÃÉÅ 3)+/2/6<ȟ ,ÕÃÉÅ -!3,<+/6< 

 
6ÙÓÏËÜ ĤËÏÌÁ ÂÜĐÓËÜ ɀ 4ÅÃÈÎÉÃËÜ ÕÎÉÖÅÒÚÉÔÁ /ÓÔÒÁÖÁȟ ÓÁÒËÁȢÂÅÒÎÁÔÉËÏÖÁͽÖÓÂȢÃÚ 

 
+ÌþéÏÖÜ ÓÌÏÖÁȡ 5ÌÔÒÁÊÅÍÎÜ ÆÒÁËÃÅ ÁÅÒÏÓÏÌÕȟ .ÁÎÏÒÏÚÍñÒÎï éÜÓÔÉÃÅȟ 6ÚÏÒËÏÖÜÎþ 

 
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. 

 
ª6/$ 

 
: ÅÐÉÄÅÍÉÏÌÏÇÉÃËĻÃÈ ÓÔÕÄÉþ ÊÅ ÚÎÜÍ ÎÅÇÁÔÉÖÎþ ÚÄÒÁÖÏÔÎþ ĭéÉÎÅË ÊÅÍÎĻÃÈ ÐÒÁÃÈÏÖĻÃÈ 

éÜÓÔÉÃ Ö ÏÖÚÄÕĤþ ɉ$ÏÃËÅÒÙ ÅÔ ÁÌȢȟ ρωωσȟ "ÒÏÏË ÅÔ ÁÌȢȟ ςπρπȟ 2İÃËÅÒÌ ÅÔ ÁÌȢȟ ςπρρɊȢ 6ñÔĤÉÎÁ 
ÔñÃÈÔÏ ÓÔÕÄÉþ ÖĤÁË ÐÏÕĿþÖÜ ÊÁËÏ ÕËÁÚÁÔÅÌ ÅØÐÏÚÉÃÅ ÈÍÏÔÎÏÓÔÎþ ËÏÎÃÅÎÔÒÁÃÉ Á ÔÏ Ú Äĳvodu, 
ĿÅ ÊÅ ÄÏÂĠÅ ÍñĠÉÔÅÌÎÜȢ .ÉÃÍïÎñ ÊÅ ÔÏ ÕËÁÚÁÔÅÌ ÄÏÓÔ ÏÂÅÃÎĻȟ ÐÒÏÔÏĿÅ ÐÒÁÃÈÏÖï éÜÓÔÉÃÅ 
ÖÚÎÉËÁÊþ Ú ÍÎÏÈÁ ÒĳÚÎĻÃÈ ÚÄÒÏÊĳ Á ÍÁÊþ ÏÄÌÉĤÎï ÍÏÒÆÏÌÏÇÉÃËïȟ ÃÈÅÍÉÃËï É ÆÙÚÉËÜÌÎþ 
ÐÁÒÁÍÅÔÒÙȢ "ÙÌÏ ÚÊÉĤÔñÎÏȟ ĿÅ ÓÅ ÚÍÅÎĤÕÊþÃþ ÓÅ ÖÅÌÉËÏÓÔþ ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃ ÊÅÊÉÃÈ Ôoxicita 
roste (Pope et Dockery, 2006). 
#þÌÅÍ ÍñĠÅÎþ ÂÙÌÏ ÚÊÉÓÔÉÔ ĭÒÏÖÅĐ ÐÒÏÆÅÓÉÏÎÜÌÎþ ÅØÐÏÚÉÃÅ ÎÁ ÖÙÂÒÁÎïÍ ÐÒÁÃÏÖÉĤÔÉ ÊÁËÏ 

ÐÏÄËÌÁÄ ÐÒÏ ÏÄÈÁÄ Á ĠþÚÅÎþ ÒÉÚÉË ÐÌÙÎÏÕÃþÃÈ Ú ÔïÔÏ ÅØÐÏÚÉÃÅȟ ÔÚÖȢ #ÏÎÔÒÏÌ ÂÁÎÄÉÎÇȢ 
 

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

-ñĠÅÎþ ÂÙÌÏ ÐÒÏÖÅÄÅÎÏ ÎÁ ÖÙÂÒÁÎïÍ ÐÒÁÃÏÖÎþÍ ÍþÓÔñȟ ÖÚÏÒËÙ ÏÖÚÄÕĤþ ÂÙÌÙ 
ÏÄÅÂþÒÜÎÙ Ú ÈÌÅÄÉÓËÁ ÐÒÏÓÔÏÒÏÖïÈÏ ÕÓÐÏĠÜÄÜÎþ ÓÔÁÎÄÁÒÄÎþÍ ÚÐĳÓÏÂÅÍ Ö ÂÌþÚËÏÓÔÉ 
ÄĻÃÈÁÃþ ÚĕÎÙ ÐÒÁÃÏÖÎþËÁȢ "ÙÌÁ ÍÏÎÉÔÏÒÏÖÜÎÁ ÈÍÏÔÎÏÓÔÎþ ËÏÎÃÅÎÔÒÁÃÅ ÃÅÌËÏÖÜȟ 0-ρπȟ 
ÒÅÓÐÉÒÁÂÉÌÎþ ÆÒÁËÃÅȟ 0-ςȟυ Á 0-ρ ÁÅÒÏÓÏÌÕ ÐÏÍÏÃþ ÐĠþÓÔÒÏÊÅ $ÕÓÔ4ÒÁË $28 ψυσσȟ ÐÏéÅÔÎþ 
ËÏÎÃÅÎÔÒÁÃÅ éÜÓÔÉÃ Ï ÖÅÌÉËÏÓÔÉ ρπ ɀ ρπππ ÎÍ ÐĠþÓÔÒÏÊÅÍ #0# σππχ Á ÍÏÎÉÔÏÒÉÎÇ ÐÏéÅÔÎþ 
ËÏÎÃÅÎÔÒÁÃÅ éÜÓÔÉÃ Á ÖÅÌÉËÏÓÔÎþ ÄÉÓÔÒÉÂÕÃÅ éÜÓÔÉÃ Ö ÒÏÚÍÅÚþ ρπ - συπ ÎÍ ÐĠþÓÔÒÏÊÅÍ 
NanoScan SMPS 3910.  
0ĠÅÄ ÚÁÈÜÊÅÎþÍ ÐÒÁÃÏÖÎþ ÏÐÅÒÁÃÅ ÂÙÌÁ ÚÍñĠÅÎÁ ÐÏ ÄÏÂÕ ρυ ÍÉÎ ÐÏÚÁìÏÖÜ 

ÃÈÁÒÁËÔÅÒÉÓÔÉËÁ ÐÒÁÃÏÖÎþÈÏ ÏÖÚÄÕĤþ ɀ ÔÚÖȢ ÐÏÚÁÄþ ɉÖÚÏÒÅË ρɊȢ .ÜÓÌÅÄÎñ ÂÙÌÏ ÐÒÏÖÅÄÅÎÏ 
ÍñĠÅÎþ ËÏÎÃÅÎÔÒÁÃÅ ÁÅÒÏÓÏÌÕ Ö ÐÒÁÃÏÖÎþÍ ÏÖÚÄÕĤþ Ö ÐÒĳÂñÈÕ ÐÒÁÃÏÖÎþ ÏÐÅÒÁÃÅ ɀ vzorek 
ςȢ .Á ÚÜÖñÒ ÂÙÌÏ ÐÒÏ ÓÒÏÖÎÜÎþ ÐÒÏÍñĠÅÎÏ ÊÅĤÔñ ÖÅÎËÏÖÎþ ÏÖÚÄÕĤþ ɀ vzorek 3. 

 
6¸3,%$+9 ! $)3+53% 

 
0ÒĳÂñÈ ÍñĠÅÎþ ÐÏÔÖÒÄÉÌ ÐÏÍñÒÎñ ÎþÚËï ÈÍÏÔÎÏÓÔÎþ ËÏÎÃÅÎÔÒÁÃÅ éÜÓÔÉÃ ÐÏÌÅÔÁÖïÈÏ 

ÁÅÒÏÓÏÌÕ ÚÁÓÔÏÕÐÅÎĻÃÈ ÖÅ ÖĤÅÃÈ ÓÌÅÄÏÖÁÎĻÃÈ ÆÒÁËÃþÃÈȟ ÈÏÄÎÏÔÙ ËÏÎÃÅÎÔÒÁÃþ ÃÅÌËÏÖï Á 
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ÒÅÓÐÉÒÁÂÉÌÎþ ÆÒÁËÃÅ ÊÓÏÕ ÎþÚËï ÖÅ ÓÒÏÖÎÜÎþ Ó ÌÉÍÉÔÎþÍÉ ÈÏÄÎÏÔÁÍÉ ÅØÐÏÚÉÃÅ ÐÒÏ ÐÒÁÃÏÖÎþ 
ÏÖÚÄÕĤþȢ 6 ÇÒÁÆÕ ρ ÊÅ ÐĠÅÈÌÅÄ ÎÁÍñĠÅÎĻÃÈ ËÏÎÃÅÎÔÒÁÃþ ÖĤÅÃÈ ÖÅÌÉËÏÓÔÎþÃÈ ÆÒÁËÃþ ÐÒÏ 
ÊÅÄÎÏÔÌÉÖï ÏÄÂñÒÙ ɀ vzorky 1 ɀ σȢ 6ĻÓÌÅÄËÙ ÊÓÏÕ ÄÏÐÌÎñÎÙ Ï ÐÒĳÍñÒÎï ÈÏÄÎÏÔÙ ÐÏéÅÔÎþÃÈ 
ËÏÎÃÅÎÔÒÁÃþ éÜÓÔÉÃ ÎÁ ÊÅÄÎÏÔÌÉÖĻÃÈ ÍñĠÅÎĻÃÈ ÍþÓÔÅÃÈ Á ÊÓÏÕ uvedeny v grafu 2. 
 

 
/ÂÒȢ ρȡ (ÍÏÔÎÏÓÔÎþ ËÏÎÃÅÎÔÒÁÃÅ       /ÂÒȢ ςȡ 0ÏéÅÔÎþ ËÏÎÃÅÎÔÒÁÃÅ 

  
*ÁË ÖÙÐÌĻÖÜ Ú ÖĻÓÌÅÄËĳ ÍñĠÅÎþ ÐÏéÔÕ Á ÄÉÓÔÒÉÂÕÃÅ éÜÓÔÉÃ ÎÁÍñĠÅÎĻÃÈ ÐÏÍÏÃþ 3-03 

σωρπ ɉ/ÂÒȢ σɊȟ ÍÁÊÏÒÉÔÎþ ÚÁÓÔÏÕÐÅÎþ ɉÖÙÊÜÄĠÅÎï ÍÅÄÉÜÎÅÍ ÐÏéÔÕɊ éÜÓÔÉÃ ÎÁ ÖÙÂÒÁÎïÍ 
pracoÖÎþÍ ÍþÓÔñ ÓÅ ÎÁÃÈÜÚþ Ö υȢ ÖÅÌÉËÏÓÔÎþÍ ËÁÎÜÌÕ Ó ÐÒĳÍñÒÅÍ éÜÓÔÉÃ σφȟυ ÎÍȢ 6 ÇÒÁÆÕ 
σ ÊÅ ÖÉÄÉÔÅÌÎÜ ÚÍñÎÁ ÐÒĳÍñÒÎïÈÏ ÐÏéÔÕ éÜÓÔÉÃ ÐÏÚÁìÏÖĻÃÈ ËÏÎÃÅÎÔÒÁÃþ ÏÐÒÏÔÉ ÐÒÁÃÏÖÎþ 
ÏÐÅÒÁÃÉ Á ÊÅÊÉÃÈ ÚÖĻĤÅÎĻÍ ÐÏéÔÅÍ ÚÅÊÍïÎÁ ÏÄ ÖÅÌÉËÏÓÔÎþÈÏ ËÁÎÜÌÕ ψȟ ÔÊȢ ÖÅÌÉËÏÓÔÉ ψφȟφ nm. 

 

 
/ÂÒȢ σȡ 0ÏéÅÔÎþ ËÏÎÃÅÎÔÒÁÃÅ éÜÓÔÉÃ ÐÏÄÌÅ ÊÅÊÉÃÈ ÄÉÓÔÒÉÂÕéÎþ ÖÅÌÉËÏÓÔÉ 

 
:<6Q2 

 
-ÏÎÉÔÏÒÉÎÇÅÍ ËÏÎÃÅÎÔÒÁÃÅ ÆÒÁËÃÅ ÁÅÒÏÓÏÌÕ Ö ÒÅÜÌÎïÍ éÁÓÅ ÂÙÌ ÚÊÉĤÔñÎ ÒÏÚÄþÌ ÍÅÚÉ 

ÐÏÚÁìÏÖĻÍÉ ËÏÎÃÅÎÔÒÁÃÅÍÉ Á ËÏÎÃÅÎÔÒÁÃÅÍÉ ÂñÈÅÍ ÐÒÁÃÏÖÎþ ÏÐÅÒÁÃÅ Á ÔÏ ÊÁË Õ 
ÈÍÏÔÎÏÓÔÎþÃÈ ÔÁË ÐÏéÅÔÎþÃÈ ËÏÎÃÅÎÔÒÁÃþȢ 

 
0/$Q+/6<.^ 

 
4ÅÎÔÏ ÐĠþÓÐñÖÅË ÖÚÎÉËÎÕÌ ÄþËÙ ÐÏÄÐÏĠÅ ÇÒÁÎÔÕ 6£" ɀ 45/ éȢ 30ςπρφȾυς +ÏÍÐÌÅØÎþ 

ÈÏÄÎÏÃÅÎþ ÐÒÏÆÅÓÉÏÎÜÌÎþ ÅØÐÏÚÉÃÅ ÖÙÒÜÂñÎĻÍ ÎÁÎÏÍÁÔÅÒÉÜÌĳÍȢ 
 

LITERATURA 
 
Brook RD, Rajagopalan S, Pope CA, et al. Particulate Matter Air Pollution and 

Cardiovascular Disease: An Update to the Scientific Statement From the American 
Heart Association. Circulation, 121, 2331-2378, (2010). 

Pope III, C.A., Dockery, D.W. Health effects of fine particulate air pollution: lines that 
connect. Journal of the Air & Waste Management Association, 56(6), 709ɀ742, (2006). 

2İÃËÅÒÌȟ 2Ȣȟ 3ÃÈÎÅÉÄÅÒȟ !Ȣȟ "ÒÅÉÔÎÅÒȟ ÅÔ ÁÌȢ (ÅÁÌÔÈ ÅÆÆÅÃÔÓ ÏÆ ÐÁÒÔÉÃÕÌÁÔÅ ÁÉÒ ÐÏÌÌÕÔÉÏÎȡ ! 
review of epidemiological evidence. Inhalation Toxicology, 23, 555-592, (2011). 



51 

 

KONCENTRACE PMX NA VYBRA.¸#( 02!#/6)£4^#( 0/62#(/6O(/ ,/-5  
.! (.Q$O 5(,^ 

 
"ÁÒÂÏÒÁ "!33,%2/6<ȟ *ÁÎ (/6/2+! 

 
,ÁÂÏÒÁÔÏĠ ÐÒÏ ÓÔÕÄÉÕÍ ËÖÁÌÉÔÙ ÏÖÚÄÕĤþȟ ªÓÔÁÖ ÐÒÏ ĿÉÖÏÔÎþ ÐÒÏÓÔĠÅÄþȟ  
0ĠþÒÏÄÏÖñÄÅÃËÜ &ÁËÕÌÔÁ 5ÎÉÖÅÒÚÉÔÙ +ÁÒÌÏÖÙȟ "ÅÎÜÔÓËÜ ςȟ ρςψπρ 0ÒÁÈÁ ςȟ 

basslerb@natur.cuni.cz 
 

+ÌþéÏÖÜ Ólova: PM10ȟ (ÒÕÂĻ ÁÅÒÏÓÏÌȟ 0ÒÁÃÈȟ 0ÏÖÒÃÈÏÖÜ ÔñĿÂÁ ÕÈÌþȟ 0ÅÒÓÏÎÜÌÎþ ÅØÐÏÚÉÃÅ 
  

SUMMARY 
 
This work compares PM1, PM2,5, PM10 and (PM10-PM1) as coarse aerosol mass, 

ÂÅÔ×ÅÅÎ ÔÈÅ ÄÒÉÖÅÒȭÓ ÃÁÂÉÎÅ ÁÎÄ ÔÈÅ ÏÕÔÄÏÏÒ ×ÁÌË×ÁÙ ÏÆ ÔÈÅ ÂÕÃËÅÔ ×ÈÅÅÌ ÅØÃÁÖÁÔÏÒ ÉÎ 
the brown ÃÏÁÌ ÓÔÒÉÐ ÍÉÎÅ $ÏÌÙ .ÜÓÔÕÐ 4ÕĤÉÍÉÃÅ ÂÅÔ×ÅÅÎ -ÁÒÃÈ ρφ-23, 2015. Twin 
portable laser nephelometers were used to measure individual aerosol size fractions. On 
average, outdoor PM10 was mostly composed of coarse particles 82 %. PM10 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 PM10 concentrations. Maximum concentration of PM10 during regular clearing was 
φςȟς ÍÇɇÍ-3 and minimum concentration of PM10 ×ÁÓ ρςȟυ ÍÇɇÍ-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 
πȟφ ÍÇɇÍ-3. For these reasons there is a concentration difference between work shifts. 

 
ª6/$ 

 
0ÏÖÒÃÈÏÖï ÌÏÍÙ ÊÓÏÕ ÚÅÊÍïÎÁ ÚÄÒÏÊÅÍ ÈÒÕÂĻÃÈ ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃ  

Ï ÁÅÒÏÄÙÎÁÍÉÃËïÍ ÐÒĳÍñÒÕ ÖñÔĤþÍ ÎÅĿÌÉ ρ ÕÍȢ 4ÅÎ ÖÚÎÉËÜ ÐĠÅÄÅÖĤþÍ Ö ÄĳÓÌÅÄËÕ 
ÒÏÚÒÕĤÅÎþ ÔñĿÅÎĻÃÈ ÈÏÒÎÉÎ ËÏÌÅÓÏÖĻÍÉ ÒĻÐÁÄÌÙ Á ÓÏÕéÁÓÎñ éÉÎÎÏÓÔþ ÄÁÌĤþÃÈ ÔñĿÅÂÎþÃÈ 
ÔÅÃÈÎÏÌÏÇÉþ ɉÐÜÓÏÖÜ ÄÏÐÒÁÖÁȟ ĭÐÒÁÖÁ ÔñĿÅÎĻÃÈ ÎÅÒÏÓÔÎĻÃÈ ÓÕÒÏÖÉÎɊȢ 0ÒÁÃÏÖÎþÃÉȟ ËÔÅĠþ 
ÔñĿÅÂÎþ ÓÔÒÏÊÅ ÏÂÓÌÕÈÕÊþȟ ÊÓÏÕ ÖÙÓÔÁÖÅÎÉ ÚÎÅéÉĤÔñÎþ ÏÖÚÄÕĤþȟ ÃÏĿ ÍÜ ÖÌÉÖ ÎÁ ÊÅÊÉÃÈ ÚÄÒÁÖþȢ  
(ÌÁÖÎþÍ ÃþÌÅÍ ÔïÔÏ ÐÒÜÃÅ ÊÅ ÚÍñĠÉÔ a diskutovat ÒÏÚÄþÌ ÆÒÁËÃþ 0-1, PM2,5, PM10  

Á ÈÒÕÂïÈÏ ÁÅÒÏÓÏÌÕ mezi kabinou ĠÉÄÉéÅ Á ÖÅÎËÏÖÎþÍ ÏÃÈÏÚÅÍ ËÏÌÅÓÏÖïÈÏ ÒĻÐÁÄÌÁ  
+ ψππ .Ⱦς Ö ÈÎñÄÏÕÈÅÌÎïÍ ÐÏÖÒÃÈÏÖïÍ ÌÏÍÕ ,ÉÂÏÕĤ Ö ÄÏÌÕ .ÜÓÔÕÐ 4ÕĤÉÍÉÃÅ - DNT. 
.ÁÖÁÚÕÊþÃþÍ ÃþÌÅÍ ÊÅ ÚÊÉstit ÐĠþéÉÎÙ ÎÁÍñĠÅÎĻÃÈ ÈÏÄÎÏÔ 0-x Ö ËÁÂÉÎñ ĠÉÄÉéÅ Á ÖÙÓÌÅÄÏÖÁÔȟ 
ÊÁË ÓÅ ÃÈÏÖÁÊþ ËÏÎÃÅÎÔÒÁÃÅ ÐÒÁÃÈÕ Ö ÐÒĳÂñÈÕ ÊÅÄÎÏÔÌÉÖĻÃÈ ÐÒÁÃÏÖÎþÃÈ ÓÍñÎȟ ÐĠþÐÁÄÎñ 
ÊÁËĻ ÖÌÉÖ ÎÁ ËÏÎÃÅÎÔÒÁÃÅ ÍÁÊþ ËÏÎËÒïÔÎþ ÐÒÁÃÏÖÎþ éÉÎÎÏÓÔÉȢ 

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

 
-ñĠÅÎþ ÐÒÏÂñÈÌÏ ÖÅ ÄÎÅÃÈ ÏÄ ρφȢ σȢ ÄÏ ςσȢ σȢ ςπρυȟ ÎÁ ËÏÌÅÓÏÖïÍ ÒĻÐÁÄÌÅ  

Ö ÈÎñÄÏÕÈÅÌÎïÍ ÌÏÍÕ Ö $.4Ȣ +ÏÌÅÓÏÖï ÒĻÐÁÄÌÏ + ψππ .Ⱦςȟ ÎÁÃÈÜÚÅÊþÃþ ÓÅ Ö ÕÈÅÌÎïÍ 
ĠÅÚÕ ÎÁ ÌÏÍÕ ,ÉÂÏÕĤ 3ÅÖÅÒ ))ȟ ÂÙÌÏ ÚÖÏÌÅÎÏ ÎÁ ÚÜËÌÁÄñ ÖÙÓÏËï ÔñĿÅÂÎþ éÉÎÎÏÓÔÉ Á ÔÅÄÙ  
i ÐĠÅÄÐÏËÌÁÄÕ ÖÙĤĤþ ÅØÐÏÚÉÃÅ ÐÒÁÃÏÖÎþËĳ ËÏÎÃÅÎÔÒÁÃþÍ ÐÒÁÃÈÕȢ 6ĻÂñÒ ÓÔÁÎÏÖÉĤĩ 
ÒÅÐÒÅÚÅÎÔÏÖÁÌ ÖÎÉÔĠÎþ ÐÒÏÓÔĠÅÄþ ɉËÁÂÉÎÕ ĠÉÄÉéÅɊ Á ÐÒÏÓÔĠÅÄþ ÖÅÎËÏÖÎþ ɉéÜÓÔ ÏÃÈÏÚu 
ËÏÌÅÓÏÖïÈÏ ÒĻÐÁÄÌÁɊȢ 
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Pro ÍñĠÅÎþ ÐÒÁÃÈÏÖĻÃÈ éÜÓÔÉÃ ÂÙÌÙ ÐÏÕĿÉÔÙ ÐĠÅÎÏÓÎï ÌÁÓÅÒÏÖï ÎÅÆÅÌÏÍÅÔÒÙ $ÕÓÔ4ÒÁË 
DRX, (model 8533, TSI), ËÔÅÒï ÄÅÔÅËÕÊþ éÜÓÔÉÃÅ Ï ÖÅÌÉËÏÓÔÅÃÈ ÏÄ πȟρ ÄÏ ρπ ʈÍȢ Oba 
$ÕÓÔ4ÒÁËÙ ÂÙÌÙ ÕÌÏĿÅÎÙ ÄÏ ÖÏÄÏÔñÓÎĻÃÈ ËÕÆĠþËĳ (Environmental Enclosure, model 8535, 
TSI) ÓÅ ÖÚÏÒËÏÖÁÃþ ÈÌÁÖÉÃþ ÖÅ ÖĻĤÃÅ ÄĻÃÈÁÃþ ÚĕÎÙ ÓÔÏÊþÃþÃÈ ÐÒÁÃÏÖÎþËĳ ρυπ ÁĿ ρχπ ÃÍ ÎÁÄ 
ÚÅÍþ ÖÅ ÖÅÎËÏÖÎþÍ ÐÒÏÓÔĠÅÄþȟ ÚÁÔþÍÃÏ Ö ËÁÂÉÎñ ĠÉÄÉéÅ ÂÙ ÄĻÃÈÁÃþ ÚĕÎÕ ÓÅÄþÃþÈÏ 
ÐÒÁÃÏÖÎþËÁ ÒÅÐÒÅÚÅÎÔÏÖÁÌÁ ÖĻĤËÁ ψπ ÃÍȢ  4Õ ÏÖĤÅÍ Ú ÄĳÖÏÄÕ ÎÅÄÏÓÔÁÔÅéÎïÈÏ ÐÒÏstoru 
nebylo ÍÏĿÎï ÄÏÄÒĿÅÔ, a proto byl DustTrak éȢ ς instalovÜÎ ÖÅ ÖĻĤÃÅ ÐÏÕÚÅ υπ ÃÍȢ 
$ÕÓÔ4ÒÁË éȢ ρ ÂÙÌ ÕÍþÓÔñÎ ÎÁ ÓÐÏÄÎþÍ ÏÃÈÏÚÕ Ö ĭÒÏÖÎÉ ÖÅÎËÏÖÎþÈÏ ÐĠÅÓÙÐÕ ÖÅ 
ÖÚÄÜÌÅÎÏÓÔÉ ÃÃÁ ς Í ÏÄ ÐÜÓÏÖïÈÏ ÄÏÐÒÁÖÎþËÕ Ö ÔñÓÎï ÂÌþÚËÏÓÔÉ ÏÄÐÏéÉÎËÏÖïÈÏ ÐÒÏÓÔÏÒÕ. 
KoncentraÃÅ ÁÅÒÏÓÏÌÕ ÂÙÌÙ ÚÁÚÎÁÍÅÎÜÖÜÎÙ Ó ÉÎÔÅÇÒÁéÎþ ÄÏÂÏÕ ρ ÍÉÎȢ 
0ÒĳÂñÈÙ ÔÅÐÌÏÔÙ Á ÖÌÈËÏÓÔÉ ÚÁÚÎÁÍÅÎÜÖÁÌÙ ÄÉÇÉÔÜÌÎþ ÚÜÚÎÁÍÏÖï ÔÅÐÌÏÍñÒÙ-

ÖÌÈËÏÍñÒÙ ɉ$σρςρȟ !ÉÒ&ÌÏ×Ɋ Ö ÍÉÎÕÔÏÖĻÃÈ ÉÎÔÅÒÖÁÌÅÃÈ. 
$ÁÔÁ ÂÙÌÁ ÚÐÒÁÃÏÖÜÎÁ Ö ÐÒÏÇÒÁÍÕ #Ï0ÌÏÔ Á #Ï3ÔÁÔȢ 
 

6¸3,%$+9 A DISKUSE 
 
HruÂĻ ÁÅÒÏÓÏÌ ÐĠÅÖÁĿÕÊÅ Ö ÐÒÏÓÔĠÅÄþ ÖÅÎËÏÖÎþÍ z 82 %ȟ ÁÌÅ ÎÁ ÖĻÓÌÅÄÎï ËÏÎÃÅÎÔÒÁÃÅ 

ÍÁÊþ ÖÌÉÖ ÊÅÄÎÁË ÍÉËÒÏËÌÉÍÁÔÉÃËï ÐÏÄÍþÎËÙ Á ÐĠÅÄÅÖĤþÍ ËÏÎËÒïÔÎþ éÉÎÎÏÓÔÉ ÐÒÏÖÜÄñÎï 
ÎÁ ÖÅÎËÏÖÎþÃÈ ÏÃÈÏÚÅÃÈ ÒĻÐÁÄÌÁȢ .ÅÊÖÙĤĤþÃÈ ËÏÎÃÅÎÔÒÁÃþ 0-10 ÓÅ ÄÏÓÁÈÕÊÅ ÂñÈÅÍ 
ÐÒÁÖÉÄÅÌÎïÈÏ ĭËÌÉÄÕ ÒĻÐÁÄÌÁ ɉÒÕéÎþ ÚÁÍÅÔÜÎþ v ÂÌþÚËÏÓÔÉ ÐĠÅÓÙÐĳ). "ñÈÅÍ ÔÏÈÏÔÏ ĭËÌÉÄÕȟ 
ËÔÅÒĻ ÓÅ ÐÒÏÖÜÄþ ÖñÔĤÉÎÏÕ ÍÅÚÉ ρφȢ ɀ ρχȢ ÈÏÄÉÎÏÕȟ ÄÏÃÈÜÚþ Ëe ÚÖĻĤÅÎþ ËÏÎÃÅÎÔÒÁÃþ PM10 
ÖÅ ÖÅÎËÏÖÎþÍ ÐÒÏÓÔĠÅÄþ Ö ÐÒĳÍñÒÕ ÁĿ Ï σπȟπ ÍÇɇÍ-3. -ÉÎÉÍÜÌÎþ ËÏÎÃÅÎÔÒÁÃÅ PM10 

ÂñÈÅÍ ÔïÔÏ éÉÎÎÏÓÔÉ ÄÏÓÁÈÕÊþ ÈÏÄÎÏÔ ρςȟυ ÍÇɇÍ-3 Á ÍÁØÉÍÜÌÎþ ËÏÎÃÅÎÔÒÁÃÅ ÁĿ φςȟς 
ÍÇɇÍ-3 (obr. 1)Ȣ 0Ï ÄÏËÏÎéÅÎþ ĭËÌÉÄÕ éÜÓÔÉÃÅ ÒÙÃÈÌÅ ÓÅÄÉÍÅÎÔÕÊþȢ 6Å ÖÅÎËÏÖÎþÍ ÐÒÏÓÔĠÅÄþ 
se proto ÚÊÉĤÔñÎÜ ÍÁØÉÍÁ Á ÍÉÎÉÍÁ ÌÉĤþ ÍÅÚÉ ÒÁÎÎþÍÉ Á ÎÏéÎþÍÉ ÓÍñÎÁÍÉȟ ÎÅÂÏĩ Ö ÎÏÃÉ ÓÅ 
ĭËÌÉÄ ÎÅÐÒÏÖÜÄþ (tab. 1)Ȣ 6 ËÁÂÉÎñ ĠÉÄÉéÅ ɉÖÎÉÔĠÎþÍ ÐÒÏÓÔĠÅÄþɊ ÔÙÔÏ ÆÁËÔÏÒÙ ÎÅÍÁÊþ ÎÁ 
ÍÎÏĿÓÔÖþ éÜÓÔÉÃ 0-10 ÔÁËÏÖĻ ÖÌÉÖȢ  

Obr. 1: 0ÒĳÂñÈ ËÏÎÃÅÎÔÒÁÃÅ 0-10 ÖÅ ÖÅÎËÏÖÎþÍ É ÖÎÉÔĠÎþÍ ÐÒÏÓÔĠÅÄþ Ö ĭÔÅÒĻ ρχȢ σȢ ςπρυȢ 
:ÅÌÅÎï ĤÉÐËÙ ÚÎÜÚÏÒĐÕÊþ ÓÔĠþÄÜÎþ ÓÍñÎȟ éÅÒÎÜ ĤÉÐËÁ ÐÒÁÖÉÄÅÌÎĻ ĭËÌÉÄ ÚÁÍÅÔÜÎþÍȢ 
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Tab. 1: 0ÏÒÏÖÎÜÎþ ÓÔÁÔÉÓÔÉÃËĻÃÈ ÈÏÄÎÏÔ ÖÅÎËÏÖÎþ ËÏÎÃÅÎÔÒÁÃÅ 0-10 (mgɇm-3Ɋ ÍÅÚÉ ÄÅÎÎþ 
Á ÎÏéÎþ ÐÒÁÃÏÖÎþ ÓÍñÎÏÕȢ 

3ÍñÎÁ 
3ÔĠÅÄÎþ 
hodnota 

Maximum Minimum 
95% 

kvantil  
75% 

kvantil  
50% 

kvantil  
25% 

kvantil  
5% 

kvantil  

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

.ÏéÎþ 0,21 2,92 0,03 0,54 0,27 0,15 0,09 0,06 

 
$ÁÌĤþÍ ÆÁËÔÏÒÅÍȟ ËÔÅÒĻ ÏÖÌÉÖĐÕÊÅ ËÏÎÃÅÎÔÒÁÃÅ PM10 ÖÅ ÖÎñÊĤþÍ ÏÖÚÄÕĤþ ÊÅ ÓÔĠþÄÜÎþ 

ÓÍñÎ (obr. 1). Pokles ËÏÎÃÅÎÔÒÁÃþ ÌÚÅ ÐÏÚÏÒÏÖÁÔ ÖĿÄÙ ÐĠÅÄ φȡππ Á ρψȡππ ÈÏÄÉÎÏÕȟ ËÄÙ 
ËÏÎéþ ÊÅÄÎÁ ÓÍñÎÁ Á ÊÅ ÓÔĠþÄÜÎÁ ÊÉÎÏÕȢ 0ĠÉ ÓÔĠþÄÜÎþ ÓÍñÎ ËÏÌÅÓÏÖï ÒĻÐÁÄÌÏ ÖĿÄÙ ÚÁÓÔÁÖþ 
ÔñĿÂÕȟ éþÍĿ ÄÏÊÄÅ Ë ÐÏËÌÅÓÕ éÜÓÔÉÃ 0-10Ȣ .ÜÓÌÅÄÎï ÚÁÈÜÊÅÎþ ÔñĿÂÙ ÓÅ ÐÁË ÐÒÏÊÅÖþ 
ÚÖĻĤÅÎþÍ ËÏÎÃÅÎÔÒÁÃþ 0-10 ÐÒĳÍñÒÎñ Ï πȟφτ ÍÇɇÍ-3 ÎÁ ÖÅÎËÏÖÎþÍ ÏÃÈÏÚÅ  
Á Ö ËÁÂÉÎñ ĠÉÄÉéÅ ÊÅ ÐÒĳÍñÒÎĻ ÎÜÒĳÓÔ Ï ρȟρυ ÍÇɇÍ-3. 
: ÐÒĳÂñÈĳ ËÏÎÃÅÎÔÒÁÃþ 0-1 ÊÓÏÕ ÎÜÐÁÄÎï ÚÎÁéÎï ÖĻËÙÖÙ Ö ËÁÂÉÎñ ĠÉÄÉéÅȢ 4ÙÔÏ 

fluktuace, kdy koncentrace PM1 prudce vystoupaÊþ ÏÂÖÙËÌÅ ÎÁ ρȟυπ ÁĿ ςȟψπ ÍÇɇÍ-3, jsou 
ÃÈÁÒÁËÔÅÒÉÓÔÉÃËï ÓÔÅÊÎĻÍ ÐÒĳÂñÈÅÍ ɉÒÙÃÈÌĻÍ ÎÜÒĳÓÔÅÍ Á ÐÏÍÁÌĻÍ ÐÏËÌÅÓÅÍɊȟ ÃÏĿ 
ÚÎÁéþȟ ĿÅ ÊÄÅ Ï ÊÅÄÎÕ ÏÐÁËÏÖÁÎÏÕ éÉÎÎÏÓÔȢ +ÏÌþÓÜÎþ ÊÅ ÚÎÜÚÏÒÎñÎÏ Ö ÏÂÒÜÚËÕ σȢ *ÅÌÉËÏĿ ÓÅ 
ÊÅÄÎÜ Ï ÔÁË ÍÁÌï éÜÓÔÉÃÅȟ ÊÅÊÉÃÈĿ ÖÚÎÉË ÎÅÓÏÕÖÉÓþ Ó ÔñĿÂÏÕȟ ÌÚÅ ÐĠÅÄÐÏËÌÜÄÁÔ ÊÅÊÉÃÈ ÐĳÖÏÄ  
Ú ÃÉÇÁÒÅÔÏÖïÈÏ ËÏÕĠÅ.  
~ÉÄÉéÉ ÎÁ ÖĤÅÃÈ ÔñĿÅÂÎþÃÈ ÓÔÒÏÊþÃÈ ÐÒÁÃÕÊþ ÖĿÄÙ ÖÅ ρς ÈÏÄÉÎÏÖĻÃÈ ÐÒÁÃÏÖÎþÃÈ 

ÓÍñÎÜÃÈȟ ÐĠÉéÅÍĿ ÓÁÍÏÔÎï ĠþÚÅÎþ ÒĻÐÁÄÌÁ ÊÅ ÖĿÄÙ ÐÏ ÄÏÂÕ τ ÈÏÄÉÎȟ ÐÁË ÎÜÓÌÅÄÕÊÅ τ 
ÈÏÄÉÎÏÖÜ ÂÅÚÐÅéÎÏÓÔÎþ ÐĠÅÓÔÜÖËÁȟ ËÄÙ ÊÅ ĠÉÄÉé ÓÔĠþÄÜÎ ÊÉÎĻÍ ÐÒÁÃÏÖÎþËÅÍȢ : ÐÒĳÂñÈÕ 
ÚÜÚÎÁÍÕ ÌÚÅ ÖÙÐÏÚÏÒÏÖÁÔȟ ÚÄÁÌÉ ÐÒÁÃÏÖÎþËȟ ËÔÅÒĻ ĠþÄþ ÒĻÐÁÄÌÏȟ ÊÅ ËÕĠÜËÅÍ éÉ ÎÉËÏÌÉȢ 

Obr. 2: 0ÏÍñÒ ÈÒÕÂï ÆÒÁËÃÅ ÍÅÚÉ ÖÎÉÔĠÎþÍ Á ÖÅÎËÏÖÎþÍ ÐÒÏÓÔĠÅÄþÍ ÏÄ ρφȢ σȢ ÄÏ ςσȢ σȢ 
2015Ȣ 3ÉÔÕÁÃÅȟ ËÄÙ ÈÒÕÂĻ ÁÅÒÏÓÏÌ ÐĠÅÖÁĿÏÖÁÌ Ö ËÁÂÉÎñ ĠÉÄÉéÅȟ ÎÁÓÔÜÖÜ ÐĠÉ ÏÔÅÖĠÅÎþ ÄÖÅĠþ 

do kabiny. 
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V ÐĠþÐÁÄñ ÐĠþÔÏÍÎÏÓÔÉ ËÕĠÜËÁ ÊÅ ÐÒĳÍñÒÎÜ ËÏÎÃÅÎÔÒÁÃÅ 0-1 v ËÁÂÉÎñ πȟχρ ÍÇɇÍ-3, 
ÚÁÔþÍÃÏ Ö ÐĠþÔÏÍÎÏÓÔÉ ÎÅËÕĠÜËÁ ÊÅ ÐÒĳÍñÒÎÜ ËÏÎÃÅÎÔÒÁÃÅ 0-1 0,1σ  ÍÇɇÍ-3. 

 

 
:<6Q2 

 
%ØÐÅÒÉÍÅÎÔÜÌÎþÍ ÓÔÁÎÏÖÅÎþÍ ÂÙÌÏ ÐÒÏËÜÚÜÎÏȟ ĿÅ ÆÒÁËÃÅ PM10 ÐĠÅÖÁĿÏÖÁÌÁ  

ÖÅ ÖÅÎËÏÖÎþÍ ÐÒÏÓÔĠÅÄþ Á ÍñÎÉÌÁ ÓÅ Ö ÐÒĳÂñÈÕ ÄÎÅȟ Ö ÚÜÖÉÓÌÏÓÔÉ ÎÁ ÖÙËÏÎÜÖÁÎï éÉÎÎÏÓÔÉ 
ÐÒÁÃÏÖÎþËÁȢ 6ĻÚÎÁÍÎĻ ÖÌÉÖ ÎÁ ËÏÎÃÅÎÔÒÁÃÉ 0-10 ÍñÌ ÐÒÁÖÉÄÅÌÎĻ ĭËÌÉÄ ÚÁÍÅÔÜÎþÍ  
Ö ĭÓÅÃþÃÈ ÐĠÅÓÙÐĳȢ *ÅÄÎÁÌÏ ÓÅ Ï ÏÐÁËÏÖÁÎÏÕ éÉÎÎÏÓÔȟ ÁÖĤÁË ÐÒÏÖÜÄñÎÏÕ ÐÏÕÚÅ Ö ÄÅÎÎþÃÈ 
ÓÍñÎÜÃÈȢ 6 ËÁÂÉÎñ ĠÉÄÉéÅ ÂÙÌÙ ÚÊÉĤÔñÎÙ ÖĻËÙÖÙ ËÏÎÃÅÎÔÒÁÃþ 0-1 vlivem poÂÙÔÕ ËÕĠÜËĳȟ 
ÃÏĿ ÓÅ ÐÒÏÊÅÖÉÌÏ ÎÜÒĳÓÔÅÍ 0-1 ÐÒĳÍñÒÎñ Ï πȟφ ÍÇɇÍ-3. : ÔñÃÈÔÏ ÐĠþéÉÎ ÄÏÃÈÜÚþ  
Ë ÒÏÚÄþÌĳÍ ËÏÎÃÅÎÔÒÁÃþ ÍÅÚÉ ÊÅÄÎÏÔÌÉÖĻÍÉ ÐÒÁÃÏÖÎþÍÉ ÓÍñÎÁÍÉȢ 
0ÒÏ ÓÎþĿÅÎþ ÒÏÚÄþÌĳ Ö expozici PM10 ÍÅÚÉ ÄÅÎÎþÍÉ Á ÎÏéÎþÍÉ ÓÍñÎÁÍÉ ÓÅ ÎÁÂþÚþ 

ÐÒÏÖÜÄñÔ ĭËÌÉÄ Ö ÏËÏÌþ ÐĠÅÓÙÐĳ ÊÉÎĻÍÉ ÐÒÏÓÔĠÅÄËÙȟ ÎÅĿ ÊÅ ÒÕéÎþ ÚÁÍÅÔÜÎþȟ Á ÓÉÃÅ ÕÈÅÌÎĻ 
ÓÐÁÄ ÏÄÓÔÒÁĐÏÖÁÔ ÖÙÓÁÖÁéÅÍ ÎÅÂÏ ÐÒÏÕÄÅÍ ÖÏÄÙȢ :ÜÒÏÖÅĐ ÊÅ ÎÕÔÎïȟ ÁÂÙ ÐÒÁÃÏÖÎþÃÉ 
ÐÒÏÖÜÄñÊþÃþ ÔÕÔÏ éÉÎÎÏÓÔ ÐÏÕĿþÖÁÌÉ ÏÃÈÒÁÎÎï ÐÒÏÓÔĠÅÄËÙ ɉÒÅÓÐÉÒÜÔÏÒÙɊȢ  

 
0/$Q+/6<.^ 

 
:Á ÕÍÏĿÎñÎþ ÍñĠÅÎþ ÎÁ ÔñĿÅÂÎþÍ ÓÔÒÏÊÉ Ö ÕÈÅÌÎïÍ ÌÏÍÕ ,ÉÂÏÕĤ Ö $ÏÌÅÃÈ .ÜÓÔÕÐ 

4ÕĤÉÍÉÃþÃÈ Á ÚÁ ÐÏÓËÙÔÎÕÔþ ÉÎÆÏÒÍÁÃþ ÔĻËÁÊþÃþ ÓÅ ÔñĿÂÙ ÄñËÕÊÉ )ÎÇȢ *ÉĠþÍÕ +ÕéÅÒÏÖÉ Á ÐÁÎÕ 
Petru Richterovi.  

Obr. 3: DÅÔÁÉÌÎþ ÐÒĳÂñÈ 0-1 Ú ËÁÂÉÎÙ ĠÉÄÉéÅ ÚÅ ÄÎÅ ρωȢ σȢ ÏÄ πφȡππ ÄÏ ρψȡππ 
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PROPERTIES OF AEROSOL PRODUCED BY LASER ABLATION OF STANDARD 
MATERIALS FOR ICP-MS ANALYSIS  
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Keywords: Laser ablation, ICP-MS, SMPS, EEPS 

 
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 ɀ Fast Mobility Particle 
Sizer (EEPS) and Scanning Mobility Particle Sizer (SMPS) simultaneously with laser 
ablation - ICP-MS analysis. 
 
 

 
 

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.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 2: Schematics of measurement set-up 
(green ɀ LA-ICP-MS system, blue ɀ 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 
ÌÁÓÅÒ ÏÐÅÒÁÔÅÓ ÁÔ Á ×ÁÖÅÌÅÎÇÔÈ ÏÆ ρωσ ÎÍ ×ÉÔÈ Á ÐÕÌÓÅ ÄÕÒÁÔÉÏÎ Ѕ τ ÎÓȢ 5ÓÉÎÇ ÈÅÌÉÕÍ ÁÓ Á 
carrier gas with a flow rate of 0.65 l 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 scaÎ ÁÂÌÁÔÉÏÎ ÕÓÉÎÇ ψυ АÍ ÓÐÏÔ ÓÉÚÅ ÁÎÄ 
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 85Kr (10 mCi) and CPC 3775 
(all TSI) was used in this work. The measurement size range was set to 10 ɀ 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 ɀ 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 electrostat ic 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 J cm-2 ÁÎÄ ÓÐÏÔ ÓÉÚÅ ÏÆ ψυ АÍȢ 4ÈÅ ÅÒÒÏÒ ÂÁÒÓ ÉÎÄÉÃÁÔÅ ÓÔÁÎÄÁÒÄ 
deviation of 5 measurements. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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 
ÏÒÉÇÉÎÁÔÅÄ ÆÒÏÍ ÔÈÅ ÄÒÏÐÌÅÔÓȭ ÓÏÌÉÄÉÆÉÃÁÔÉÏÎȢ 

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 АÍȢ 4ÈÅ 
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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+ÌþéÏÖÜ ÓÌÏÖÁȡ %ÍÉÓÎþ ÆÁËÔÏÒȟ 0-ȟ -ÁÌÜ ÓÐÁÌÏÖÁÃþ ÚÁĠþÚÅÎþ  

 
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. 

 
ª6/$ 

 
0ÏÄÌÅ ÏÄÈÁÄĳ 3ÖñÔÏÖï ÚÄÒÁÖÏÔÎÉÃËï ÏÒÇÁÎÉÚÁÃÅ ɉ7(/ ςππφȟ 7(/ ςπρσɊ 

je ÚÎÅéÉĤÔñÎþ ÏÖÚÄÕĤþ 0- ÚÏÄÐÏÖñÄÎï ÚÁ ÚËÒÜÃÅÎþ ÐÒĳÍñÒÎï ÄïÌËÙ ĿÉÖÏÔÁ ÏÂÙÖÁÔÅÌ 
%ÖÒÏÐÓËï ÕÎÉÅ Ï ÔïÍñĠ ω ÍñÓþÃĳȢ 6ÅÌÉËÏÓÔ 0- ÊÅ ÒÏÚÈÏÄÕÊþÃþ ÆÁËÔÏÒÅÍ ÏÖÌÉÖĐÕÊþÃþ ÐÒĳÎÉË 
Á ÕËÌÜÄÜÎþ Ö ÄĻÃÈÁÃþÍ ĭÓÔÒÏÊþȢ 6ñÔĤþ 0- ÊÓÏÕ ÚÁÃÈÙÃÅÎÙ Ö ÈÏÒÎþÃÈ ÃÅÓÔÜÃÈ ÄĻÃÈÁÃþÃÈȟ 
ÏÄËÕÄ ÍÏÈÏÕ ÂĻÔ éÜÓÔÅéÎñ ÖÙËÁĤÌÜÎÙ Á éÜÓÔÅéÎñ ÓÐÏÌËÎÕÔÙȢ -ÅÎĤþ 0- ÊÓÏÕ ÄÅÐÏÎÏÖÜÎÙ 
hluboko do plic.  
3ÐÁÌÏÖÜÎþ ÚÁÕÊþÍÜ ÖÅÌËĻ ÐÏÄþÌ Ö ËÏÎÔÁÍÉÎÁÃÉ ÏÖÚÄÕĤþ 0-Ȣ 3ÔÕÄÉÅ ɉI(-5 ςπρτȟ 

Kim ÅÔ ÁÌȢ ςπρσɊ ÕÖÜÄþȟ ĿÅ 0- ÚÅ ÓÐÁÌÏÖÜÎþ ÐÁÔĠþ ÍÅÚÉ ÎÅÊÒÉÚÉËÏÖñÊĤþȟ ÐÒÏÔÏĿÅ ÎÁ ÓÅÂÅ 
ÓÏÒÂÕÊþ ÎÅÂÅÚÐÅéÎï ĤËÏÄÌÉÖÉÎÙ ÎÁÐĠþËÌÁÄ ÐÏÌÙÃÙËÌÉÃËï ÁÒÏÍÁÔÉÃËï ÕÈÌÏÖÏÄþËÙ ɉ0!(ÓɊȟ 
ÐÏÌÙÃÈÌÏÒÏÖÁÎï ÂÉÆÅÎÙÌÙ ɉ0#"Ɋ Á ÐÏÌÙÃÈÌÏÒÏÖÁÎï ÄÉ-benzo-para-dioxiny a furany 
(PCDD/F).  
3ÐÁÌÏÖÜÎþ ÒĳÚÎĻÃÈ ÐÁÌÉÖ Ö ÒĳÚÎĻÃÈ ÔÙÐÅÃÈ ÍÁÌĻÃÈ ÓÐÁÌÏÖÁÃþÃÈ ÚÁĠþÚÅÎþ ɉ-3:Ɋ ÊÅ ÓÔÜÌÅ 

ÏÂÌþÂÅÎÏÕ ÆÏÒÍÏÕ ÖÙÔÜÐñÎþ ÒÏÄÉÎÎĻÃÈ ÄÏÍĳȟ ÁÌÅ Ú ÅÐÉÄÅÍÉÏÌÏÇÉÃËĻÃÈ ÓÔÕÄÉþ ÖÙÐÌĻÖÜȟ 
ĿÅ 0-ȟ ËÔÅÒï ÔÁËÔÏ ÖÚÎÉËÌÙȟ ÊÓÏÕ ÚÄÒÁÖþ ĤËÏÄÌÉÖï ɉËÁÒÃÉÎÏÇÅÎÎþȟ ÍÕÔÁÇÅÎÎþɊ Á ÍÏÈÏÕ 
ÚÐĳÓÏÂÏÖÁÔ ÎÅĿÜÄÏÕÃþ ĭéÉÎËÙ ÎÁ ÚÄÒÁÖþ ɉ*ÁÌÁÖÁ ÅÔ ÁÌȢ ςππφȟ *ÁÌÁÖÁ ÅÔ ÁÌȢ ςπρςȟ 
Tapanainen et al. 2012, Sarnat et al. ςππψɊȢ  :Á ÒÏË ςπρσ ÓÅ ÄÌÅ IÅÓËïÈÏ 
ÈÙÄÒÏÍÅÔÅÏÒÏÌÏÇÉÃËïÈÏ ĭÓÔÁÖÕ ɉI(-5, ςπρτɊ ÐÏÄþÌÅÌÙ -3: ÎÁ ÐÒÏÄÕËÃÉ 0-10 41 % 
a PM2,5 υω Ϸ Ú ÃÅÌËÏÖĻÃÈ ÚÄÒÏÊĳ ÚÎÅéÉĤĩÏÖÜÎþȢ 
3ÏÕéÁÓÎï ÓÔÕÄÉÅ ÚÁÍñĠÅÎï ÎÁ ÅÍÉÓÅ ÚÅ ÓÐÁÌÏÖÁÃþÃÈ ÚÁĠþÚÅÎþ ɉ+ÁÉÖÏÓÏÊÁ ÅÔ ÁÌȢ ςπρσȟ 

Torvela et al. ςπρτɊ ÓÅ ÎÅÊéÁÓÔñÊÉ ÚÁÂĻÖÁÊþ ÖÅÌÉËÏÓÔÎþ ÆÒÁËÃþ 0-1ȟ ÎÅÂÏĩ ÓÅ ÕËÁÚÕÊÅȟ 
ĿÅ ÐĠÉÂÌÉĿÎñ ωπ Ϸhm. ÔÖÏĠþ ÆÒÁËÃÅ 0-1 z ÃÅÌËÏÖĻÃÈ 0- ɉ"ÏÍÁÎ ÅÔ ÁÌȢ ςππυȟ -ÁÒÔÉÎþË ÅÔ ÁÌȢ 
2013). Studie (Boman et al., 2011, Lamberg et al., ςπρρɊ ÐÏÕËÁÚÕÊþ ÎÁ ÁÒÔÉÆÁÃÔȟ 
ĿÅ ÐĠÉ ÅÆÅËÔÉÖÎþÍ ÓÐÁÌÏÖÜÎþ ÂÉÏÍÁÓÙ ÊÅ ÓÉÃÅ ÐÒÏÄÕËÏÖÜÎÁ ÍÅÎĤþ ÈÍÏÔÎÏÓÔÎþ ËÏÎÃÅÎÔÒÁÃÅ 
frakce PM1ȟ ÎÉÃÍïÎñ ÆÒÁËÃÅ 0-0,1 ÔÖÏĠþ ÖñÔĤþ éÜÓÔ ÔïÔÏ ÆÒÁËÃÅ ÎÅĿ ÐĠÉ ÓÐÁÌÏÖÜÎþ ÎÁ ÓÎþĿÅÎĻ 
ÖĻËÏÎ Á ÔÅÄÙ ÚÅ ÚÄÒÁÖÏÔÎþÈÏ ÈÌÅÄÉÓËÁ ÍĳĿÅ ÂĻÔ ÔÅÎÔÏ ÓÔÁÖ ÎÅÂÅÚÐÅéÎñÊĤþ ÎÅĿ ÓÔÁÖȟ 
ËÔÅÒĻ ÎÁÓÔÜÖÜ ÐĠÉ ÎÅÅÆÅËÔÉÖÎþÍ ÓÐÁÌÏÖÜÎþ ɀ ÖñÔĤþ ËÏÎÃÅÎÔÒÁÃÅ éÜÓÔÉÃ 0-1 Ó ÍÅÎĤþÍ 
ÚÁÓÔÏÕÐÅÎþÍ 0-0,1ɉÎÉĿĤþ ÖĻËÏÎȟ ÄÏÕÔÎÜÎþɊȢ 
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0ÒÏÔÏ ÓÅ ÐĠþÓÐñÖÅË ÚÁÍñĠÕÊÅ ÎÁ ÓÐÁÌÏÖÜÎþ ÐĠÉ ÒĳÚÎĻÃÈ ÒÅĿÉÍÅÃÈ ÓÐÁÌÏÖÜÎþ 
ɉÊÍÅÎÏÖÉÔĻȟ ÓÎþĿÅÎĻ ÖĻËÏÎɊȟ ÐĠÉ ÐÏÕĿÉÔþ ÒĳÚÎĻÃÈ ÄÒÕÈĳ ÐÁÌÉÖ ɉÈÎñÄï ÕÈÌþȟ ÓÕÃÈï Á ÍÏËÒï 
ÓÍÒËÏÖï ÄĠÅÖÏȟ ÄĠÅÖÎþ ÐÅÌÅÔÙȟ ÐÁÌÉÖÏ ÍÉØɊȟ Ö ÒĳÚÎĻÃÈ ÔÙÐÅÃÈ ÓÐÁÌÏÖÁÃþÃÈ ÚÁĠþÚÅÎþ 
ɉÁÕÔÏÍÁÔÉÃËĻ ËÏÔÅÌȟ ÚÐÌÙĐÏÖÁÃþ ËÏÔÅÌȟ ÏÄÈÏĠþÖÁÃþ ËÏÔÅÌȟ ÐÒÏÈÏĠþÖÁÃþ ËÏÔÅÌɊȟ ËÔÅÒï ÊÓÏÕ 
v ÚÅÍþÃÈ %5 ÎÅÊéÁÓÔñÊÉ ÐÏÕĿþÖÜÎÙ Ë ÖÙÔÜÐñÎþ ÒÏÄÉÎÎĻÃÈ ÄÏÍĳȢ *Å ÔĠÅÂÁ ÐÏÕËÜÚÁÔ 
na ÒÏÚÄþÌÎï ÈÍÏÔÎÏÓÔÎþ ÚÁÓÔÏÕÐÅÎþ ÍÅÎĤþÃÈ éÜÓÔÉÃ ÖÅ ÆÒÁËÃÉ 0-10 ÊÁËÏ ÍÏĿÎÏÕ ÐĠþéÉÎÕ 
ÖñÔĤþ ÎÅÂÅÚÐÅéÎÏÓÔÉ ÔïÔÏ ÆÒÁËÃÅ ÐĠÉ ÒĳÚÎĻÃÈ ÒÅĿÉÍÅÃÈ ÓÐÁÌÏÖÜÎþ Ö ÒĳÚÎĻÃÈ ÔÙÐÅÃÈ ËÏÔÌĳ 
a ÐĠÉ ÓÐÁÌÏÖÜÎþ ÒĳÚÎĻÃÈ ÄÒÕÈĳ ÐÁÌÉÖȢ -ÅÎĤþ 0- ÔÏÔÉĿ É ÐĠÉ ÎÉĿĤþ ÈÍÏÔÎÏÓÔÉ ÎÁÖÜĿËÙ ÍÁÊþ 
ÍÎÏÈÅÍ ÖñÔĤþ ÁËÔÉÖÎþ ÐÏÖÒÃÈ éÜÓÔÉÃȟ ËÔÅÒĻ ÄÏËÜĿÅ ÓÏÒÂÏÖÁÔ ÊÉÎï ÎÅÂÅÚÐÅéÎï ÐÏÌÕÔÁÎÔÙȟ 
éþÍĿ ÓÅ ÚÖÙĤÕÊÅ ÊÅÊÉÃÈ ĤËÏÄÌÉÖÏÓÔ ÐÒÏ éÌÏÖñËÁȢ 

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

 
+Å ÓÐÁÌÏÖÁÃþÍ ÚËÏÕĤËÜÍ ÂÙÌÙ ÐÏÕĿÉÔÙ ÓÐÁÌÏÖÁÃþ ÚÁĠþÚÅÎþȟ ËÔÅÒï ÊÓÏÕ Ö ÚÅÍþÃÈ ÓÔĠÅÄÎþ 

Á ÖĻÃÈÏÄÎþ %ÖÒÏÐÙ ÎÅÊéÁÓÔñÊÉ ÐÏÕĿþÖÜÎÙ Ë ÖÙÔÜÐñÎþ ÒÏÄÉÎÎĻÃÈ ÄÏÍĳȢ "ÙÌ ÖÙÂÒÜÎ ÔÙÐÉÃËĻ 
ÚÜÓÔÕÐÃÅ ÁÕÔÏÍÁÔÉÃËĻÃÈ ËÏÔÌĳȟ ÐÒÏÈÏĠþÖÁÃþÃÈ ËÏÔÌĳȟ ÏÄÈÏĠþÖÁÃþÃÈ ËÏÔÌĳ Á ÚÐÌÙĐÏÖÁÃþÃÈ 
ËÏÔÌĳȢ 
0ĠÉ ÓÐÁÌÏÖÁÃþÃÈ ÚËÏÕĤËÜÃÈ ÂÙÌÏ ÐÏÕĿÉÔÏ φ ÒĳÚÎĻÃÈ ÐÁÌÉÖ ɀ ÈÎñÄï ÕÈÌþ ɉ(5ρȟ (5ςɊȟ 

ÍÏËÒï ÓÍÒËÏÖï ÄĠÅÖÏȟ ÓÕÃÈï ÓÍÒËÏÖï ÄĠÅÖÏȟ ÄĠÅÖÎþ ÐÅÌÅÔÙ Á ÐÁÌÉÖÏ -)8Ȣ 'ÒÁÎÕÌÏÍÅÔÒÉÅ 
ɉ(5ρȟ (5ςȟ ÐÅÌÅÔɊ Á ÒÏÚÍñÒÙ ÐÏÌÅÎ ɉÓÕÃÈïÈÏ Á ÍÏËÒïÈÏ ÓÍÒËÏÖïÈÏ ÄĠþÖþɊ ÂÙÌÙ 
ÐĠÉÚÐĳÓÏÂÅÎÙ ÄÏÐÏÒÕéÅÎþÍ ÕÖÅÄÅÎĻÍ ÖĻÒÏÂÃÉ ËÏÔÌĳȢ 0ÁÌÉÖÏ -)8 ÂÙÌÏ ÔÖÏĠÅÎÏ ÔÏÕÔÏ 
ÓÍñÓþȡ (5ρ Ϲ ÍÏËÒï ÓÍÒËÏÖï ÄĠþÖþ Ϲ 0%4 ÌÜÈÖÅ ÎÁÐÌÎñÎï ÄĠÅÖÎþ ĤÔñÐËÏÕȟ ËÔÅÒÜ ÂÙÌÁ 
ÚÁÌÉÔÁ ÐÏÕĿÉÔĻÍ ÒÏÓÔÌÉÎÎĻÍ ÆÒÉÔÏÖÁÃþÍ ÏÌÅÊÅÍȢ 0ĠÉÂÌÉĿÎĻ ÐÏÍñÒ ÊÅÄÎÏÔÌÉÖĻÃÈ ÓÌÏĿÅË 
paliva MIX byl tento: HU1 ɀ ττ Ϸȟ ÍÏËÒï ÓÍÒËÏÖï ÄĠþÖþ ɀ στ Ϸȟ ĤÔñÐËÁ ɀ ω Ϸȟ ÆÒÉÔÏÖÁÃþ 
olej ɀ ρσ ϷȢ &ÒÉÔÏÖÁÃþÍ ÏÌÅÊÅÍ ÂÙÌÁ ĤÔñÐËÁ ÚÁÌÉÔÁ ÃÃÁ ρτ Èȟ ÐÁË ÂÙÌ ÐĠÅÂÙÔÅéÎĻ ÏÌÅÊ Ú 0%4 
ÌÜÈÖÅ ÖÙÌÉÔȢ 4ÏÔÏ ÐÁÌÉÖÏ ÐĠÅÄÓÔÁÖÏÖÁÌÏ ÅØÔÒïÍȟ ËÔÅÒĻ ÊÅ Ö ÎñËÔÅÒĻÃÈ ÏÂÌÁÓÔÅÃÈ IÅÓËï 
ÒÅÐÕÂÌÉËÙ ÐÏÕĿþÖÜÎ Á ÃþÌÅÍ ÓÐÁÌÏÖÜÎþ ÔÏÈÏÔÏ ÐÁÌÉÖÁ ÂÙÌÁ ËÖÁÎÔÉÆÉËÁÃÅ ÅÍÉÓþ 
ÚÎÅéÉĤĩÕÊþÃþÃÈ ÌÜÔÅË ÐÒÏ ÔÏÔÏ ÐÁÌÉÖÏȢ 5 ËÁĿÄïÈÏ ÐÁÌÉÖÁ ÂÙÌÏ ÐĠÅÄ ÍñĠÅÎþÍ ÓÔÁÎÏÖÅÎÏ 
ÅÌÅÍÅÎÔÜÒÎþ ÓÌÏĿÅÎþ ÐÁÌÉÖÁ Á ÖĻÈĠÅÖÎÏÓÔ ÐÁÌÉÖÁ ɉ4ÁÂȢ ρɊȢ 6 ÐĠþÐÁÄñ ÐÁÌÉÖÁ -)8 ÂÙÌÏ 
ÅÌÅÍÅÎÔÜÒÎþ ÓÌÏĿÅÎþ Á ÖĻÈĠÅÖÎÏÓÔ ÐÁÌÉÖÁ ÖÙÐÏéþÔÜÎÙ ÚÅ ÚÎÁÌÏÓÔÉ ÓÌÏĿÅÎþ ÊÅÄÎÏÔÌÉÖĻÃÈ 
ÓÌÏĿÅË Á ÖĻÓÌÅÄÎïÈÏ ÖÜÈÏÖïÈÏ ÐÏÍñÒÕ ÓÌÏĿÅË Ö ÄÜÖÃÅ ÐÁÌÉÖÁȢ 

 
Tab. 1ȡ 0ÁÒÁÍÅÔÒÙ ÐÏÕĿÉÔĻÃÈ ÐÁÌÉÖ ɉÐĳÖÏÄÎþ ÓÕÒÏÖĻ ÖÚÏÒÅËɊ 

HU1 HU2
-ÏËÒï ÓÍÒËÏÖï 

ÄĠÅÖÏ
Palivo MIX $ĠÅÖÎþ ÐÅÌÅÔÙ

3ÕÃÈï ÓÍÒËÏÖï 

ÄĠÅÖÏ

5ÈÌþË [%hm] 54,62 61,72 34,15 45,62 47,43 45,19

6ÏÄþË [%hm] 4,46 5,10 4,35 4,82 6,10 5,75

$ÕÓþË [%hm] 0,76 0,90 0,06 0,40 0,04 0,08

+ÙÓÌþË [%hm] 19,05 14,44 29,85 26,57 40 39,5

3þÒÁ [%hm] 0,72 1,36 0,02 0,36 0,05 0,03

#ÅÌËÏÖÜ ÖÏÄÁ[%hm] 15,51 9,04 31,2 19,88 6,00 8,98

Popel [%hm] 4,87 7,45 0,37 2,35 0,39 0,49

6ĻÈĠÅÖÎÏÓÔ[MJ/kg] 22,61 25,84 11,89 20,13 17,02 16,52
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6ĤÅÃÈÎÙ ÚËÏÕĤËÙ ÂÙÌÙ ÐÒÏÖÅÄÅÎÙ Ö ÁËÒÅÄÉÔÏÖÁÎï ÚËÕĤÅÂÎñ ÓÐÁÌÏÖÁÃþÃÈ ÚÁĠþÚÅÎþȢ 
6ĻÚËÕÍÎïÈÏ ÅÎÅÒÇÅÔÉÃËïÈÏ ÃÅÎÔÒÁȢ 3ÐÁÌÏÖÁÃþ ÚÁĠþÚÅÎþ ÂÙÌÏ ÈÙÄÒÁÕÌÉÃËÙ ÐĠÉÐÏÊÅÎÏ 
k ÔÅÓÔÏÖÁÃþ ÓÍÙéÃÅȢ .Á ÖĻÓÔÕÐ ÓÐÁÌÉÎ Ú ËÏÔÌÅ ÂÙÌ ÐĠÉÐÏÊÅÎ ÓÔÁÎÄÁÒÄÉÚÏÖÁÎĻ ËÏÍþÎ 
(EN 303-υȡςπρςɊȢ /ÄÔÁÈ ÓÐÁÌÉÎ Ú ËÏÍþÎÁ ÂÙÌ ÚÁÊÉĤÔñÎ ĠÅÄþÃþÍ ÔÕÎÅÌÅÍ ɉÖÉÚ /ÂÒȢ ρɊȟ 
ve ËÔÅÒïÍ ÂÙÌ ÐÒÏÖÜÄñÎ ÏÄÂñÒ ÓÐÁÌÉÎ ÐÒÏ ÓÔÁÎÏÖÅÎþ ËÏÎÃÅÎÔÒÁÃÅ ÐÌÙÎÎĻÃÈ ÅÍÉÓþ Á ÅÍÉÓþ 
ÐÒÁÃÈÏÖĻÃÈ éÜÓÔÉÃȢ ~ÅÄþÃþ ÖÚÄÕÃÈ ÂÙÌ ÎÁÓÜÖÜÎ Ú ÌÁÂÏÒÁÔÏĠÅȢ 3ÔÁÎÏÖÅÎþ ĠÅÄþÃþÈÏ ÐÏÍñÒÕ 
ÂÙÌÏ ÐÒÏÖÅÄÅÎÏ ÐÏÍÏÃþ ÐÏÍñÒÕ ËÏÎÃÅÎÔÒÁÃÅ #/2 ÚÁ ÓÐÁÌÏÖÁÃþÍ ÚÁĠþÚÅÎþÍ Á Ö ĠÅÄþÃþÍ 
ÔÕÎÅÌÕȢ 4ÅÐÌÏÔÙ ÖÓÔÕÐÎþ Á ÖĻÓÔÕÐÎþ ÏÔÏÐÎï ÖÏÄÙ ÂÙÌÙ ÍñĠÅÎÙ ÐÏÍÏÃþ ÏÄÐÏÒÏÖĻÃÈ 
ÓÎþÍÁéĳ 04ρππȢ 0ÒĳÔÏË ÖÏÄÙ ÂÙÌ ÍñĠÅÎ ÐÏÍÏÃþ ÍÁÇÎÅÔÏÉÎÄÕËéÎþÈÏ ÐÒĳÔÏËÏÍñÒÕ 
+ÒÏÈÎÅȢ 4ÅÐÌÏÔÁ ÓÐÁÌÉÎ ÚÁ ÓÐÁÌÏÖÁÃþÍ ÚÁĠþÚÅÎþÍ Á Ö ĠÅÄþÃþÍ ÔÕÎÅÌÕ ÂÙÌÁ ÍñĠÅÎÁ ÐÏÍÏÃþ 
ÔÅÒÍÏéÌÜÎËĳ ÔÙÐÕ +Ȣ 

 

 
/ÂÒȢ ρȡ 3ÃÈïÍÁ ÚËÕĤÅÂÎþ ÓÅÓÔÁÖÙ 

 
6ÚÏÒÅË ÓÐÁÌÉÎ ÐÒÏ ÓÔÁÎÏÖÅÎþ ÓÌÏĿÅÎþ ÐÌÙÎÎĻÃÈ ÓÌÏĿÅË ÓÐÁÌÉÎ ÂÙÌ ÏÄÅÂþÒÜÎ ÐÏÍÏÃþ 

ÎÅÒÅÚÏÖï ÏÄÂñÒÏÖï ÓÏÎÄÙ ÎÁÐÏÊÅÎï ÎÁ ÆÉÌÔÒ ÐÅÖÎĻÃÈ éÜÓÔÉÃȢ 6ÚÏÒÅË ÂÙÌ ÄÜÌÅ ÖÅÄÅÎ 
ÖÅÄÅÎþÍ ÖÚÏÒËÕ ÄÏ ÊÅÍÎïÈÏ ÆÉÌÔÒÕ ÐÅÖÎĻÃÈ éÜÓÔÉÃ Á ÄÜÌÅ ÄÏ ÊÅÄÎÏÔÌÉÖĻÃÈ ÁÎÁÌÙÚÜÔÏÒĳȢ 
6ĤÅÃÈÎÙ éÜÓÔÉ ÏÄÂñÒÏÖï ÔÒÁÓÙ ÂÙÌÙ ÏÈĠþÖÜÎÙ ÎÁ ÔÅÐÌÏÔÕ Єρψπ Ј#Ȣ 0ÒÏ ÓÔÁÎÏÖÅÎþ 
koncentrace CO, CO2 Á ./ ÂÙÌ ÐÏÕĿÉÔ .$)2 ÁÎÁÌÙÚÜÔÏÒȢ 0ÒÏ ÓÔÁÎÏÖÅÎþ ËÏÎÃÅÎÔÒÁÃÅ /2 byl 
ÐÏÕĿÉÔ ÐÁÒÁÍÁÇÎÅÔÉÃËĻ ÁÎÁÌÙÚÜÔÏÒȢ +ÏÎÃÅÎÔÒÁÃÅ ÃÅÌËÏÖïÈÏ ÏÒÇÁÎÉÃËïÈÏ ÕÈÌþËÕ 
(TOC, /'#Ɋ ÂÙÌÁ ÓÔÁÎÏÖÅÎÁ ÐÏÍÏÃþ &)$ ɉÆÌÁÍÅ ÉÏÎÉÚÁÔÉÏÎ ÄÅÔÅÃÔÏÒɊ ÁÎÁÌÙÚÜÔÏÒÕȢ 6ĤÅÃÈÎÙ 
ÐÏÕĿÉÔï ÁÎÁÌÙÚÜÔÏÒÙ ÂÙÌÙ ÐĠÅÄ ÍñĠÅÎþÍ ÚËÁÌÉÂÒÏÖÜÎÙ ÅÔÁÌÏÎÏÖĻÍ Á ÎÕÌÏÖĻÍ ÐÌÙÎÅÍȢ 
6ÚÏÒÅË ÓÐÁÌÉÎȟ ÐÒÏ ÓÔÁÎÏÖÅÎþ ËÏÎÃÅÎÔÒÁÃÅ ÐÒÁÃÈÕ Á ÊÅÈÏ ÖÅÌÉËÏÓÔÎþ ÄÉÓÔÒÉÂÕÃÅȟ ÂÙÌ 

ÏÄÅÂþÒÜÎ Ö ĠÅÄþÃþÍ ÔÕÎÅÌÕ ɉ/ÂÒȢ ρȟ ÏÄÂñÒÏÖï ÍþÓÔÏ ςɊ ÉÚÏËÉÎÅÔÉÃËĻÍ ÚÐĳÓÏÂÅÍ ÖÅ ÓÔĠÅÄÕ 
pÒÏÕÄÕ ÓÐÁÌÉÎȢ +Å ÖÚÏÒËÏÖÜÎþ ÂÙÌ ÐÏÕĿÉÔ ÃÙËÌÏÎ 4ÅÃÏÒÁ Á ÎþÚËÏÔÌÁËĻ ËÁÓËÜÄÏÖĻ ÉÍÐÁËÔÏÒ 
$,0)Ȣ 0ÒÏ ÚÁÍÅÚÅÎþ ËÏÎÄÅÎÚÁÃÅ ÂÙÌ ÃÙËÌÏÎ É $,0) ÂñÈÅÍ ÏÄÂñÒĳ ÖÙÔÜÐñÎÙ ÎÁ ÔÅÐÌÏÔÕ 
ÖÙĤĤþ ÎÅÂÏ ÐĠÉÂÌÉĿÎñ ÓÔÅÊÎÏÕ ÊÁËÏ ÂÙÌÁ ÔÅÐÌÏÔÁ ÓÐÁÌÉÎ Ö ĠÅÄþÃþÍ ÔÕÎÅÌÕȢ 6 ÐĠþÐÁÄñ ÃÙËÌÏÎÕ 
ÔÏ ÂÙÌÁ ÔÅÐÌÏÔÁ ρππ Ј# Á Ö ÐĠþÐÁÄñ $,0) ÔÏ ÂÙÌÁ ÔÅÐÌÏÔÁ ψπ Ј#Ȣ 
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6¸3,%$+9ȟ $)3+53%ȟ :<6Q29 
 

"ñÈÅÍ ÓÐÁÌÏÖÁÃþÃÈ ÚËÏÕĤÅË ÂÙÌÏ ÚÊÉĤÔñÎÏȟ ĿÅ Ó ÎñËÔÅÒĻÍÉ ÐÁÌÉÖÙ ÎÅÌÚÅ ÄÏÓÜÈÎÏÕÔ 
ÔÅÐÅÌÎĻÃÈ ÖĻËÏÎĳ ÂÌþÚËĻÃÈ ÊÍÅÎÏÖÉÔïÍÕ ÖĻËÏÎÕ ÎÅÂÏ ÓÎþĿÅÎïÍÕ ÖĻËÏÎÕ ÐÏÕĿÉÔĻÃÈ 
ËÏÔÌĳȢ 0ÒÏÂÌïÍÙ ÂÙÌÙ ÚÐĳÓÏÂÅÎÙ ÚÅÊÍïÎÁ ÔþÍȟ ĿÅ ÎÁÓÔÁÖÅÎþ ÒÅÇÕÌÁéÎþÃÈ ÐÒÖËĳ ËÏÔÌĳ 
s ÍÁÎÕÜÌÎþÍ ÐĠÉËÌÜÄÜÎþÍ ÐÁÌÉÖÁ ÄÏ ÓÐÁÌÏÖÁÃþ ËÏÍÏÒÙ ÊÅ ÓÐþĤÅ ÏÒÉÅÎÔÁéÎþȢ :ËÏÕĤËÙ ÂÙÌÙ 
ÔÅÄÙ ÐÒÏÖÅÄÅÎÙ ÐĠÉ ÒÅÜÌÎñ ÄÏÓÁĿÉÔÅÌÎĻÃÈ ÖĻËÏÎÅÃÈȢ 
6ÚÈÌÅÄÅÍ Ë ÎþÚËïÍÕ ÓÔÕÐÎÉ ĠÅÄñÎþ ÎÅÂÙÌÏ ÍÏĿÎÏ ÐÏËÒĻÔ ÏÄÂñÒÅÍ $,0) ÃÅÌÏÕ 

ÓÐÁÌÏÖÁÃþ ÐÅÒÉÏÄÕȢ + ÄÉÓÐÏÚÉÃÉ ÂÙÌÙ ÓÉÃÅ ς ÉÍÐÁËÔÏÒÙȟ ËÔÅÒï ÂÙÌÙ ÂñÈÅÍ ÓÐÁÌÏÖÁÃþÃÈ 
ÚËÏÕĤÅË ÍñÎñÎÙȟ ÁÌÅ ÖÙéÉĤÔñÎþ Á ÓÌÏĿÅÎþ ÉÍÐÁËÔÏÒÕ ÚÁÂÒÁÌÏ ÃÃÁ ςπ-σπ ÍÉÎ Á ÐĠÅÄÅÈĠÜÔþ 
ÉÍÐÁËÔÏÒÕ ÎÁ ÐÏĿÁÄÏÖÁÎÏÕ ÔÅÐÌÏÔÕ ÔÒÖÁÌÏ ÃÃÁ ρπ ÍÉÎȢ 0ÏËÒÙÔþ ÏÄÂñÒÕ ÐÏÍÏÃþ $,0) ÂÙÌÏ 
Ö ÐĠþÐÁÄñ ÎñËÔÅÒĻÃÈ ÚËÏÕĤÅË ÖÅÌÍÉ ÎþÚËïȢ 0ÒÏ ĭéÅÌÙ ÖÙÈÏÄÎÏÃÅÎþ ÂÙÌÙ Ö ÐĠþÐÁÄñ $,0) 
ÂÒÜÎÙ ÐÏÕÚÅ ÚËÏÕĤËÙȟ Õ ÎÉÃÈĿ ÊÅ ÐÒÏÃÅÎÔÏ ÐÏËÒÙÔþ ÓÐÁÌÏÖÁÃþ ÚËÏÕĤËÙ ÏÄÂñÒÅÍ 
ÖñÔĤþ ÎÅĿ υπ ϷȢ 0ÒÏ ĭÓÅËÙ ÓÐÁÌÏÖÁÃþ ÐÅÒÉÏÄÙȟ ÖÅ ËÔÅÒĻÃÈ ÂÙÌÙ ÐÒÏÖÜÄñÎÙ ÖĻÍñÎÙ 
ÉÍÐÁËÔÏÒĳȟ ÂÙÌÙ ÄÏ ÖĻÐÏéÔÕ ÅÍÉÓÎþÈÏ ÆÁËÔÏÒÕ ɉ%&Ɋ ÂÒÜÎÙ ÐÒĳÍñÒÎï ÈÏÄÎÏÔÙ ÎÁÍñĠÅÎï 
v ÓÏÕÓÅÄþÃþÃÈ ÏÄÂñÒÅÃÈȢ 
(ÌÁÖÎþ ÐÏÚÎÁÔËÙ ÚþÓËÁÎï Ú ÐÒÏÖÅÄÅÎĻÃÈ ÓÐÁÌÏÖÁÃþÃÈ ÚËÏÕĤÅË ÊÓÏÕ ÎÜÓÌÅÄÕÊþÃþȡ 
- %& #/ ÚÜÖÉÓÅÌ ÚÅÊÍïÎÁ ÎÁ ÔÙÐÕ ËÏÔÌÅ Á ÎÁ ÔÙÐÕ ÐÒÏÖÏÚÕ ËÏÔÌÅ 

ɉÍÉÎÉÍÜÌÎþ nebo ÊÍÅÎÏÖÉÔĻ ÖĻËÏÎɊȢ :ÜÖÉÓÌÏÓÔ %& #/ ÎÁ ÔÙÐÕ ÐÁÌÉÖÁ ÂÙÌÁ ÍÁÌÜȢ 

(Rozsah 150 - 14 000 mg/MJ). 

- %& /'# ÚÜÖÉÓÅÌȟ ÓÔÅÊÎñ ÊÁËÏ %& #/ȟ ÈÌÁÖÎñ ÎÁ ÔÙÐÕ ËÏÔÌÅ Á ÚÐĳÓÏÂÕ ÐÒÏÖÏÚÕ ËÏÔÌÅȢ 

5 %& /'# ÂÙÌÁ ÖĤÁË ÚÊÉĤÔñÎÁ ÖñÔĤþ ÚÜÖÉÓÌÏÓÔ ÎÁ ÔÙÐÕ ÐÁÌÉÖÁȢ                              

(Rozsah 2 - 4 700 mg/MJ). 

- EF PM2,5 ÚÜÖÉÓÅÌ ÚÅÊÍïÎÁ ÔÙÐÕ ËÏÔÌÅ Á ÎÁ ÚÐĳÓÏÂÕ ÐÒÏÖÏÚÕ ËÏÔÌÅȢ :ÜÖÉÓÌÏÓÔ ÎÁ ÔÙÐÕ 

ÐÁÌÉÖÁ ÂÙÌÁ ÍÁÌÜȢ 5 ÁÕÔÏÍÁÔÉÃËïÈÏ ËÏÔÌÅ Á ÚÐÌÙĐÏÖÁÃþÈÏ ËÏÔÌÅ ÂÙÌ ÒÏÚÄþÌ ÍÅÚÉ %& 

ÐĠÉ Pnom a Pmin ÍÉÎÉÍÜÌÎþȢ ɉ#ÙËÌÏÎȟ ÒÏÚÓÁÈ ρπ ɀ 1 500 mg/MJ). 

- EF 0- ÚþÓËÁÎï ÍñĠÅÎþÍ ÐÏÍÏÃþ $,0) ÂÙÌÙ ÎÉĿĤþ ÎÅĿ %& ÚþÓËÁÎï ÐÏÍÏÃþ ÃÙËÌÏÎÕȢ 

- 0ĠÅÓ ψπ Ϸhm. ÖĤÅÃÈ 0- ÂÙÌÏ ÔÖÏĠÅÎÏ éÜÓÔÉÃÅÍÉ Ï ÖÅÌÉËÏÓÔÉ 0-1. 

- 5 ËÏÔÌĳ Ó ÌÅÐĤþÍ ÓÐÁÌÏÖÁÃþÍ ÐÒÏÃÅÓÅÍ ÔÖÏĠÉÌÁ ÆÒÁËÃÅ 0-0,1 cca 15-30 %hm. ÖĤÅÃÈ 

0-Ȣ 5 ËÏÔÌĳ Ó ÈÏÒĤþÍ ÓÐÁÌÏÖÁÃþÍ ÐÒÏÃÅÓÅÍ ÂÙÌ ÐÏÄþÌ ÎÉĿĤþ ɉυ-10 %hm.). 

 
0/$Q+/6<.^ 

 
4ÅÎÔÏ ÐĠþÓÐñÖÅË ÂÙÌ ÖÙÐÒÁÃÏÖÜÎ Ö ÒÜÍÃÉ ÐÒÏÊÅËÔĳ ȵ)ÎÏÖÁÃÅ ÐÒÏ ÅÆÅËÔÉÖÉÔÕ Á ĿÉÖÏÔÎþ 

ÐÒÏÓÔĠÅÄþ ɀ 'ÒÏ×ÔÈȰȟ ÉÄÅÎÔÉÆÉËÁéÎþ ËĕÄ ,/ρτπσ ÚÁ ÆÉÎÁÎéÎþ ÐÏÄÐÏÒÙ -£-4 Ö ÒÜÍÃÉ 
ÐÒÏÇÒÁÍÕ .05 ) Á 30ςπρφȾρυς 3ÔÁÎÏÖÅÎþ ÐÁÒÁÍÅÔÒĳ ÓÐÏÒÜËĳ ÎÁ ÔÕÈÜ ÐÁÌÉÖÁ 
a ÃÈÁÒÁËÔÅÒÉÚÁÃÅ ÐÏÐÅÌĳ ÚÅ ÓÐÁÌÏÖÜÎþ ÔÕÈĻÃÈ ÐÁÌÉÖ Ö ÄÏÍÜÃÎÏÓÔÅÃÈȢ 
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1,ÁÂÏÒÁÔÏĠ ÐĠÅÎÏÓÕ ÔÅÐÌÁ Á ÐÒÏÕÄñÎþȟ &ÁËÕÌÔÁ ÓÔÒÏÊÎþÈÏ ÉÎĿÅÎĻÒÓÔÖþȟ 654 "ÒÎÏȟ IÅÓËÜ 

republika, Pavel.Bulejko@vut.cz 
2ªÓÔÁÖ ÃÈÅÍÉÅ ÍÁÔÅÒÉÜÌĳȟ &ÁËÕÌÔÁ ÃÈÅÍÉÃËÜȟ 654 "ÒÎÏȟ IÅÓËÜ ÒÅÐÕÂÌÉËÁ 

3&ÁËÕÌÔÁ ÐÏÄÎÉËÁÔÅÌÓËÜȟ 654 "ÒÎÏȟ IÅÓËÜ ÒÅÐÕÂÌÉËÁ 
4%ÎÅÒÇÅÔÉÃËĻ ĭÓÔÁÖȟ &ÁËÕÌÔÁ ÓÔÒÏÊÎþÈÏ ÉÎĿÅÎĻÒÓÔÖþȟ 654 "ÒÎÏȟ IÅÓËÜ ÒÅÐÕÂÌÉËÁ 

 
+ÌþéÏÖÜ ÓÌÏÖÁȡ -ÅÍÂÒÜÎÁ ÎÁ ÂÁÚÉ ÄÕÔĻÃÈ ÖÌÜËÅÎȟ 0ÒÁÃÈȟ &ÉÌÔÒÁéÎþ ĭéÉÎÎÏÓÔ 

 
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 
ÔÏ πȢσ АÍ ÓÉÚÅÓ ×ÈÉÃÈ ÉÓ ÃÏÍÐÁÒÁÂÌÅ ×ÉÔÈ (%0! ÆÉÌÔÅÒÓȢ  

 
ª6/$ 

 
6ÚÄÕÃÈÏÖï ÆÉÌÔÒÙ ÈÒÁÊþ ÄĳÌÅĿÉÔÏÕ ÒÏÌÉ Ö ÍÎÏÈÁ ÐÒĳÍÙÓÌÏÖĻÃÈ ÚÁĠþÚÅÎþÃÈȟ ÖÅÎÔÉÌÁéÎþÃÈ 

ÓÙÓÔïÍÅÃÈ ÂÕÄÏÖ Á ÄÁÌĤþÃÈ ÓÐÅÃÉÜÌÎþÃÈ ÁÐÌÉËÁÃþÃÈ ÊÁËÏ ÎÁÐĠþËÌÁÄ Ö ultra -éÉÓÔĻÃÈ 
ÐÒÏÓÔÏÒÅÃÈ ɉÔÚÖȢ ÃÌÅÁÎÒÏÏÍÓɊȢ *ÅÌÉËÏĿ ÖÎÉÔĠÎþ ÖÚÄÕÃÈ ÂÕÄÏÖ ÊÅ ÄÖÁËÒÜÔ ÁĿ ÐñÔËÒÜÔ ÖþÃÅ 
ÚÎÅéÉĤÔñÎ ÎÅĿ ÖÅÎËÏÖÎþ ɉ&ÅÄÅÌȟ ςπρςɊȟ ÓÙÓÔïÍÙ Ë éÉĤÔñÎþ ÖÚÄÕÃÈÕ ÊÓÏÕ ÊÅÊÉÃÈ 
ÎÅÏÄÍÙÓÌÉÔÅÌÎÏÕ ÓÏÕéÜÓÔþȢ *ÅÊÉÃÈ ÈÌÁÖÎþ ÆÕÎËÃþ ÊÅ ÏÄÓÔÒÁÎÉÔ éÜÓÔÉÃÅȟ ËÔÅÒï ÍÏÈÏÕ ÂĻÔ 
ÖÄÅÃÈÎÕÔÙȟ ÎÁÐĠȢ ÐÒÁÃÈȟ ÒĳÚÎï ÁÌÅÒÇÅÎÙ Á ÍÉËÒÏÏÒÇÁÎÉÓÍÙȟ ÃÏĿ ÓÏÕÖÉÓþ Ó ÒĳÚÎĻÍÉ 
ÚÄÒÁÖÏÔÎþÍÉ ÒÉÚÉËÙ (Buonanno et al., 2013, Orona et al., 2014, Yamamoto et al., 2014). 
0ÏÕĿÉÔþ ÍÅÍÂÒÜÎ ÐÒÏ ÆÉÌÔÒÁÃÉ ÖÚÄÕÃÈÕ ÓÅ ÓÔÜÖÜ éþÍ ÄÜÌ ÖĻÚÎÁÍÎñÊĤþ ÄþËÙ ÊÅÊÉÃÈ ĭéÉÎÎÏÓÔÉȟ 
ÐÏÖÒÃÈÏÖĻÍ Á ÆÙÚÉËÜÌÎñ-ÃÈÅÍÉÃËĻÍ ÖÌÁÓÔÎÏÓÔÅÍȟ ÐÒÏÔÏ ÊÓÏÕ Ö ÍÎÏÈÁ ÁÐÌÉËÁÃþÃÈ ÆÉÌÔÒÁÃÅ 
ÖÚÄÕÃÈÕ ÐÒÅÆÅÒÏÖÜÎÙ ɉ'ÁÌËÁ ÁÎÄ 3ÁØÅÎÁȟ ςππωɊȢ 

    
/ÂÒȢ ρȡ -ÏÒÆÏÌÏÇÉÅ ÐÏÒïÚÎþ ÓÔÒÕËÔÕÒÙ ÍÅÍÂÒÜÎ Ú ÄÕÔĻÃÈ ÖÌÜËÅÎ 
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-ÅÍÂÒÜÎÙ Ú ÄÕÔĻÃÈ ÖÌÜËÅÎ ÊÓÏÕ ÓÐÅÃÉÜÌÎþ ÔÙÐ ÍÅÍÂÒÜÎȟ ËÔÅÒï ÓÅ ÓËÌÜÄÁÊþ Ú ÎñËÏÌÉËÁ 
ÓÔÏÖÅË ɉÖ ÎñËÔÅÒĻÃÈ ÐĠþÐÁÄÅÃÈ É ÔÉÓþÃĳɊ ÄÕÔĻÃÈ ÖÌÜËÅÎȟ ËÔÅÒï ÍÁÊþ ÐĠÅÓÎñ ÄÅÆÉÎÏÖÁÎÏÕ 
ÐÏÒïÚÎþ ÓÔÒÕËÔÕÒÕ ɉ/ÂÒȢ ρɊȢ #þÌÅÍ ÔïÔÏ ÐÒÜÃÅ ÂÙÌÏ ÚÍñĠÉÔ ĭéÉÎÎÏÓÔ ÏÄÓÔÒÁÎñÎþ ÐÒÁÃÈÏÖĻÃÈ 
éÜÓÔÉÃ ÚÅ ÖÚÄÕÃÈÕ ÐÏÍÏÃþ ÔñÃÈÔÏ ÍÅÍÂÒÜÎȢ  

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

 
-ñĠÅÎþ ÂÙÌÏ ÐÒÏÖÅÄÅÎÏ ÖÅ ÓËÌÅÎñÎï ËÏÍÏĠÅ Ï ÏÂÊÅÍÕ ςυφ ÌÉÔÒĳ ɉ/ÂÒȢ ςɊȢ +ÏÍÏÒÁ 

ÂÙÌÁ ÐĠÉÐÏÊÅÎÁ ÎÁ ÖÁËÕÕÍ ÖÙÔÖÜĠÅÎï ÖÅÎÔÉÌÜÔÏÒÅÍ ɉρρɊȟ ÐÏÔÒÕÂþÍ ɉρɊȟ ËÔÅÒï ÂÙÌÏ 
ÎÁÐÏÊÅÎÏ ÎÁ ÓÖÁÚÅË ÄÕÔĻÃÈ ÖÌÜËÅÎ ɉσɊȢ +ÏÍÏÒÁ ÂÙÌÁ ÄÜÌÅ ÎÁÐÏÊÅÎÁ ÎÁ ÚÐñÔÎĻ ÐĠþÖÏÄ 
vzduchu do komory s ÍÏĿÎÏÓÔþ ÊÅÈÏ ÏÄÐÏÊÅÎþ ɉςɊȢ 2ÏÚÐÔĻÌÅÎþ ÐÒÁÃÈÏÖĻÃÈ éÜÓÔÉÃ 
v ËÏÍÏĠÅ ÂÙÌÏ ÕÄÒĿÏÖÜÎÏ ÐÏÍÏÃþ ÄÖÏÕ ÐÒÏÔÉ ÓÏÂñ ÎÁÔÏéÅÎĻÃÈ ÖÅÎÔÉÌÜÔÏÒĳ ÔÁËȟ ÁÂÙ ÐÒÁÃÈ 
ÂÙÌ ÕÄÒĿÏÖÜÎ ÖÅ ÖÚÎÏÓÕȢ *ÁËÏ ÔÅÓÔÏÖÁÃþ ÐÒÁÃÈ ÂÙÌ ÐÏÕĿÉÔ ÖÜÐÅÎÅÃ ÊÅÍÎñ ÎÁÍÌÅÔĻ ÐÏÍÏÃþ 
ÔÒÙÓËÏÖïÈÏ ÍÌĻÎÁ ɉÄÉÓÔÒÉÂÕÃÅ ÖÅÌÉËÏÓÔþ éÜÓÔÉÃ ÖÉÚ /ÂÒȢ σɊȢ 4ÅÓÔÏÖÁÃþ ÐÒÁÃÈ ÂÙÌ ÄÜÖËÏÖÜÎ 
ÄÏ ËÏÍÏÒÙ ÏÔÖÏÒÅÍ ÖÅ ÓÔñÎñ ɉρσɊ ÔÁËȟ ĿÅ ÂÙÌ ÐĠþÍÏ ÒÏÚÆÕËÏÖÜÎ ÄÏ ÐÒÏÓÔÏÒÕ ËÏÍÏÒÙ Á 
ÎÜÓÌÅÄÎñ ÄÒĿÅÎ ÖÅ ÖÚÎÏÓÕ ÐÏÍÏÃþ ÖÅÎÔÉÌÜÔÏÒĳȢ .Á ÐÏÔÒÕÂþ ÎÁ ÓÔÒÁÎñ ÖÁËÕÁ ÂÙÌ ÕÍþÓÔñÎ 
prĳÔÏËÏÍñÒ ɉψɊȟ ÔÅÒÍÏéÌÜÎÅË ÐÒÏ ÍñĠÅÎþ ÔÅÐÌÏÔÙ ÖÚÄÕÃÈÕ ɉρπɊ Á ÄÉÆÅÒÅÎéÎþ ÔÌÁËÏÍñÒ 
ɉρςɊȢ 4ÙÔÏ ÓÅÎÚÏÒÙ ÂÙÌÙ ÐĠÉÐÏÊÅÎÙ Ë PC k ÚÁÚÎÁÍÅÎÜÖÜÎþ ÄÁÔ Ö ÒÅÜÌÎïÍ éÁÓÅȢ IÜÓÔÉÃÅȟ 
ËÔÅÒï ÎÅÊÓÏÕ ÚÁÃÈÙÃÅÎÙ ÍÅÍÂÒÜÎÏÕȟ ÊÓÏÕ ÏÄÅÂþÒÜÎÙ ÐÏÍÏÃþ éþÔÁéÅ éÜÓÔÉÃ ɉφɊ ÎÁ ÖĻÖÏÄÕ 
(9) hned ÚÁ ÍÅÍÂÒÜÎÏÕ ÕÍþÓÔñÎïÍ ÎÁ ÐÏÔÒÕÂþ ɉρɊȢ 0ÏéÅÔ éÜÓÔÉÃ ÄÜÖËÏÖÁÎĻ ÄÏ ËÏÍÏÒÙ ÊÅ 
ÍñĠÅÎ ÓËÒÚ ÓÐÏÔ ɉρτɊȢ -ñĠÉé éÜÓÔÉÃ ÊÅ ÎÁÐÏÊÅÎ Ë PC s ÐĠþÓÌÕĤÎĻÍ ÓÏÆÔ×ÁÒÅ Ë ÚÜÚÎÁÍÕ ÄÁÔȢ 
-ñĠÅÎþ Á ÖĻÐÏéÅÔ ÆÉÌÔÒÁéÎþ ĭéÉÎÎÏÓÔÉ ÂÙÌÏ ÐÒÏÖÅÄÅÎÏ ÐÏÄÌÅ ÕÐÒÁÖÅÎï ÍÅÔÏÄÙ ÐÏÐÓÁÎï 
v EN 779. 

 

                   
/ÂÒȢ ςȡ 4ÅÓÔÏÖÁÃþ ËÏÍÏÒÁ Ó ÐĠþÓÌÕĤÅÎÓÔÖþÍ 

1. Potrub² - odtah 

2. 

ZpŊtnĨ pŚ²vod 

vzduchu  

3. Membr§novĨ modul 

4. Ventil§tory  

5. Z§znam dat 

6. MŊŚen² ļ§stic 

7. Frekvenļn² mŊniļ 

8. PrŢtokomŊr  

9. OdbŊr vzorku 

10. Termoļl§nek  

11. Ventil§tor - odtah 

12. Diferenļn² tlakomŊr 

13.  D§vkov§n² prachu 

14. Vzorkov§n² - komora 
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/ÂÒȢ σȡ $ÉÓÔÒÉÂÕÃÅ ÖÅÌÉËÏÓÔþ éÜÓÔÉÃ ÔÅÓÔÏÖÁÃþÈÏ ÐÒÁÃÈÕ 

 
6¸3,%$+9ȟ $)3+53%ȟ :<6Q29 

 
/ÂÒȢ τ ÕËÁÚÕÊÅ ÆÉÌÔÒÁéÎþ ĭéÉÎÎÏÓÔ ÐÒÏ ÒĳÚÎï ÖÅÌÉËÏÓÔÉ éÜÓÔÉÃȢ .ÅÊÎÉĿĤþ ĭéÉÎÎÏÓÔ ÍÜ 

ÍÅÍÂÒÜÎÁ ÐÒÏ éÜÓÔÉÃÅ Ï ÖÅÌÉËÏÓÔÉ τππ ÎÍȢ 4ÁÔÏ ÖÅÌÉËÏÓÔ éÜÓÔÉÃ ɉÒÅÓÐȢ É ÖÅÌÉËÏÓÔ éÜÓÔÉÃ 
ÒÏÖÎÁ σππ ÎÍɊ ÊÅ ÐÒÏÂÌÅÍÁÔÉÃËÜȢ + ÓÅÐÁÒÁÃÉ ÎÁ ÍÅÍÂÒÜÎñ ÄÏÃÈÜÚþ ËÏÍÂÉÎÁÃþ ÄÉÆĭÚÎþÈÏ 
ÍÅÃÈÁÎÉÚÍÕ Á ÉÎÔÅÒÃÅÐÃÅ ɉÚÁÃÈÙÃÅÎþ ÎÜÒÁÚÅÍ éÜÓÔÉÃÅ ÎÁ ÖÌÜËÎÏ ÐÏÐĠȢ ÓÔñÎÕ ÍÅÍÂÒÜÎÙɊȢ 
+ÏÍÂÉÎÁÃÅ ÔñÃÈÔÏ ÄÖÏÕ ÍÅÃÈÁÎÉÚÍĳ ÍÜ ÚÁ ÎÜÓÌÅÄÅË ÎÉĿĤþ ÓÅÐÁÒÁéÎþ ĭéÉÎÎÏÓÔ ÍÅÍÂÒÜÎ 
ÐÒÏ éÜÓÔÉÃÅ Ï ÖĻĤÅ ÚÍþÎñÎï ÖÅÌÉËÏÓÔÉ ɉ%ÁÒÎÅÓÔ Á 'ÒÅÓÓÅÌȟ ςππσɊȢ 

 

 
/ÂÒȢ τȡ &ÉÌÔÒÁéÎþ ĭéÉÎÎÏÓÔ ÍÅÍÂÒÜÎ Ú ÄÕÔĻÃÈ ÖÌÜËÅÎ ÐÒÏ ÒĳÚÎï ÖÅÌÉËÏÓÔÉ éÜÓÔÉÃ 
 

0ÒÖÎþ ÖĻÓÌÅÄËÙ ÕËÜÚÁÌÙ ÍÏĿÎÏÓÔ ÐÏÕĿÉÔþ ÍÅÍÂÒÜÎ Ú ÄÕÔĻÃÈ ÖÌÜËÅÎ ÐÒÏ ÆÉÌÔÒÁÃÉ 
ÖÚÄÕÃÈÕȢ .ÉÃÍïÎñ ËÖĳÌÉ ÖÙĤĤþÍ ÔÌÁËÏÖĻÍ ÚÔÒÜÔÜÍ ÊÅ ÎÕÔÎï ÈÌÅÄÁÔ ÁÐÌÉËÁÃÅ Ó ÎÉĿĤþÍÉ 
ÐÒĳÔÏËÙ vÚÄÕÃÈÕȢ $ÜÌÅ ÊÅ ÎÕÔÎï ÐÒÏÖïÓÔ ÔÅÓÔÙ ÚÁÈÒÎÕÊþÃþ ÄÌÏÕÈÏÄÏÂÏÕ ÅØÐÏÚÉÃÉ ÍÅÍÂÒÜÎ 
ÚÎÅéÉĤÔñÎïÍÕ ÖÚÄÕÃÈÕȟ ÒÅÓÐȢ ÓÉÍÕÌÁÃÅ ÒÅÜÌÎĻÃÈ ÐÏÄÍþÎÅËȟ ËÔÅÒï Ï ÓÁÍÏÔÎï 
ÐÏÕĿÉÔÅÌÎÏÓÔÉ ÔñÃÈÔÏ ÍÅÍÂÒÜÎ Ö ÒĳÚÎĻÃÈ ÁÐÌÉËÁÃþÃÈ ÎÁÐÏÖþ ÖþÃÅȢ 

 
0/$Q+/6<.^ 

 
4ÁÔÏ ÐÒÜÃÅ ÖÚÎÉËÌÁ ÚÁ ÐÏÄÐÏÒÙ ÐÒÏÊÅËÔÕ -£-4 ,/ρςπςȢ 
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!.!,¸:! :$2!6/4.^#( RIZIK PM10 A PM2,5 V ,/+!,)4<#( -Q34! "2.A 
 

Pavel BULEJKO1ȟ 6ÌÁÄÉÍþÒ !$!-%#2ȟ "ÁÒÂÏÒÁ 3#(­,,%2/6<2ȟ +ÒÉÓÔĻÎÁ (2!"/6<2, 
Robert SKE~),3 

 
1 Fakulta ÓÔÒÏÊÎþÈÏ ÉÎĿÅÎĻÒÓÔÖþȟ 654 "ÒÎÏȟ IÅÓËÜ ÒÅÐÕÂÌÉËÁ ÐÁÖÅÌȢÂÕÌÅÊËÏͽÖÕÔȢÃÚ 

2 ªÓÔÁÖ ÓÏÕÄÎþÈÏ ÉÎĿÅÎĻÒÓÔÖþ 654 "ÒÎÏȟ IÅÓËÜ ÒÅÐÕÂÌÉËÁ 
3 IÅÓËĻ ÈÙÄÒÏÍÅÔÅÏÒÏÌÏÇÉÃËĻ ĭÓÔÁÖȟ 0ÏÂÏéËÁ "ÒÎÏȟ IÅÓËÜ republika 

 
+ÌþéÏÖÜ ÓÌÏÖÁȡ $ÏÐÒÁÖÁȟ ÐÅÖÎï éÜÓÔÉÃÅȟ :ÎÅéÉĤÔñÎþ ÏÖÚÄÕĤþȟ (ÏÄÎÏÃÅÎþ ÒÉÚÉËȟ 6ÅĠÅÊÎï 

ÚÄÒÁÖþ 
 

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. 

 
ª6/$ 

 
"ÒÎÏ ÊÅ ÄÒÕÈĻÍ ÎÅÊÖñÔĤþÍ ÍñÓÔÅÍ Ö IÅÓËï ÒÅÐÕÂÌÉÃÅ Ó ÃÅÌËÏÖĻÍ ÐÏéÔÅÍ τππ 000 

ÏÂÙÖÁÔÅÌȟ ÐĠÉéÅÍĿ ÄÁÌĤþÃÈ ρππ πππ ÏÓÏÂ ÐĠÉÃÈÜÚþ ÄÏ ÍñÓÔÁ ÚÁ ÐÒÁÃþ Á ÓÔÕÄÉÅÍȢ : toho 
ÄĳÖÏÄÕ ÊÅ ÚÁÔþĿÅÎþ ÄÏÐÒÁÖÏÕ Ö "ÒÎñ ÐĠþéÉÎÏÕ ÖÙÓÏËï ËÏÎÃÅÎÔÒÁÃÅ ÐÅÖÎĻÃÈ éÜÓÔÉÃ ÖÅ 
ÖÚÄÕÃÈÕȢ 4Ï ÍĳĿÅ ÖïÓÔ ËÅ ÚÖĻĤÅÎïÍÕ ÒÉÚÉËÕ ÐÒÏ ÚÄÒÁÖþ éÌÏÖñËÁ Ö souvislosti 
s ÒÅÓÐÉÒÁéÎþÍÉ Á ËÁÒÄÉÏÖÁÓËÕÌÜÒÎþÍÉ ÏÎÅÍÏÃÎñÎþÍÉȢ (ÌÁÖÎþÍ ÃþÌÅÍ ÔïÔÏ ÐÒÜÃÅ ÊÅ 
ÖÙÈÏÄÎÏÔÉÔ ÓÉÔÕÁÃÉ ÏÖÚÄÕĤþ ÖÅ ÖÙÂÒÁÎĻÃÈ ÌÏËÁÌÉÔÜÃÈ ÍñÓÔÁ "ÒÎÁ Ö ÌÅÔÅÃÈ ςππω-2013 a 
ÚÜÒÏÖÅĐ ÏÄÈÁÄÎÏÕÔ ÓÏÕÖÉÓÅÊþÃþ ÚÄÒÁÖÏÔÎþ ÒÉÚÉËÁȢ 4ÁÂÕÌËÁ ρ ÚÎÜÚÏÒĐÕÊÅ ÈÏÒÎþ ÈÒÁÎÉÃÉ 
ÖÙÂÒÁÎĻÃÈ ÚÎÅéÉĤĩÕÊþÃþÃÈ ÌÜÔÅËȢ 6 ÐĠþÐÁÄñ 0-10 byÌÏ ÒÏÚÌÉĤÏÖÜÎÏ ÍÅÚÉ ÒÏéÎþÍ ÐÒĳÍñÒÅÍ 
Á ςτ ÈÏÄÉÎÏÖĻÍ ÐÒĳÍñÒÅÍȢ (ÏÒÎþ ÌÉÍÉÔ ςτ ÈÏÄÉÎÎÏÖïÈÏ ÐÒĳÍñÒÕ ÊÅ υπ АÇȢÍ-3 Á ÎÅÍĳĿÅ 
ÂĻÔ ÐĠÅËÒÏéÅÎÁ ÖþÃÅ ÎÅĿ συËÒÜÔ ÚÁ ÒÏËȢ  

 
Tab. 1: )ÍÉÓÎþ ÌÉÍÉÔÙ ɀ ÒÏéÎþ ÐÒĳÍñÒÙ ɉ:ÜËÏÎ ςπρȾςπρς 3ÂȢȟ 3ÍñÒÎÉÃÅ ςππψȾυπȾ%#Ɋ 

,ÜÔËÁ PM10 (rok)  PM10 (24 -h)  PM2.5 

,ÉÍÉÔ ɉАÇɇÍϺ3) 40 υπ  ɉÍÁØ συϼ ÒÏéÎñɊ 25 

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

 
6ÚÏÒËÏÖÜÎþ ÂÙÌÏ ÐÒÏÖÅÄÅÎÏ ÖÅ éÔÙĠÅÃÈ ÌÏËÁÌÉÔÜÃÈ Ó ÒĳÚÎĻÍÉ ÓÔÕÐÎÉ ÁÕÔÏÍÏÂÉÌÏÖï 

ÄÏÐÒÁÖÙ ÖÙÕĿþÖÁÊþÃþ &* ωυ 3%1 ÓÅËÖÅÎéÎþ éÜÓÔÉÃÏÖĻ ÖÚÏÒËÏÖÁé Ó ÐÒĳÔÏËÅÍ ÖÚÄÕÃÈÕ 
1 m3.h-1Ȣ 3ÌÅÄÏÖÜÎÙ ÂÙÌÙ ÃÅÌËÅÍ ÄÖñ ÐÏÚÁìÏÖï ÏÂÌÁÓÔÉ ɉÏÂÙÔÎÜ ÚĕÎÁɊ Á ÄÖñ ÏÂÌÁÓÔÉ 
ÚÁÔþĿÅÎï ÄÏÐÒÁÖÏÕȢ ,þĤÅĐ ɉÏÚÎÁéÅÎÜ ÊÁËÏ "ρɊ Á -ÁÓÎÜ ɉÏÚÎÁéÅÎÜ ÊÁËÏ "ςɊ ÊÓÏÕ ÐÏÚÁìÏÖï 
lokality s ÎþÚËÏÕ ÚÜÔñĿþ ÁÕÔÏÍÏÂÉÌÏÖï ÄÏÐÒÁÖÙȢ .ÁÏÐÁËȟ ªÖÏÚ ɉÏÚÎÁéÅÎĻ ÊÁËÏ 4ρ Ɋ ÓÅ 
ÖÙÚÎÁéÕÊÅ ÖÙÓÏËÏÕ ÚÜÔñĿþ ÁÕÔÏÍÏÂÉÌÏÖï ÄÏÐÒÁÖÙȢ -ñĠþÃþ ÓÔÁÎÉÃÅ ÂÙÌÙ ÌÏËÁÌÉÚÏÖÜÎÙ 
v ÂÌþÚËÏÓÔÉ ËĠÉĿÏÖÁÔÅË ÕÌÉÃÅ ªÄÏÌÎþ Á ªÖÏÚ ÖÅ ÖÚÄÜÌÅÎÏÓÔÉ ς Í ÏÄ ÈÌÁÖÎþ ÓÉÌÎÉÃÅȢ 0ÏÄÏÂÎñ 
ÔÏÍÕ ÂÙÌÏ ÎÁ ÕÌÉÃÉ :ÖÏÎÁĠËÁ ɉÏÚÎÁéÅÎÜ ÊÁËÏ 4ςɊȟ ËÔÅÒÜ ÊÅ ÒÏÖÎñĿ ÖÙÓÏÃÅ ÚÁÔþĿÅÎÁ 
automobilovou dopravou. Koncentrace PM10 ÂÙÌÙ ÍñĠÅÎÙ ÖÅ ÖĤÅÃÈ ÏÂÌÁÓÔÅÃÈȢ 
Koncentrace PM10 ÂÙÌÙ ÐĠÅÄÓÔÁÖÅÎÙ ÐÒÏ ÒÏËÙ ςππω-ςπρσȢ -ñĠÅÎþ ËÏÎÃÅÎÔÒÁÃÅ 0-2,5 bylo 
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uvedeno pouze pro T2 v ÐÒĳÂñÈÕ ÌÅÔ ςππω ɀ ςπρσ Á ÔÁËï ÒÏË ςπρρ ÐÒÏ "ρ ɉĭÄÁÊÅ 
ÕÖÅÄÅÎï ÄÏ ËÏÎÃÅ ÒÏËÕ ςπρσɊȢ  

 
(ÏÄÎÏÃÅÎþ ÚÄÒÁÖÏÔÎþÃÈ ÒÉÚÉË 

 
0ÒÏ ÈÏÄÎÏÃÅÎþ ÒÉÚÉË ÄÌÏÕÈÏÄÏÂï ÅØÐÏÚÉÃÅ 0-ȟ ÂÙÌÙ ÖÙÕĿÉÔÙ ÚÜÖñÒÙ !ÍÅÒÉÃËï 

ÓÐÏÌÅéÎÏÓÔÉ ÐÒÏ ÖĻÚËÕÍ ÒÁËÏÖÉÎÙ ɉ!ÍÅÒÉÃÁÎ #ÁÎÃÅÒ 3ÏÃÉÅÔÙȟ !#3Ɋȟ ËÔÅÒï ÊÓÏÕ ÔÁËï 
ÄÏÐÏÒÕéÏÖÜÎÙ 3ÖñÔÏÖÏÕ ÚÄÒÁÖÏÔÎÉÃËÏÕ ÏÒÇÁÎÉÚÁÃþ ɉ7ÏÒÌÄ (ÅÁÌÔÈ /ÒÇÁÎÉÚÁÔÉÏÎȟ 7(/ɊȢ 
!ÕÔÏĠÉ ÚÊÉÓÔÉÌÉȟ ĿÅ ÎÜÒĳÓÔ ËÏÎÃÅÎÔÒÁÃÅ 0-2,5 v ÒÏéÎþÍ ÐÒĳÍñÒÕ Ï ρπ АÇɇÍϺσ vede k 6% 
ÎÜÒĳÓÔÕ ÃÅÌËÏÖï ĭÍÒÔÎÏÓÔÉ ÅØÐÏÎÏÖÁÎï ÐÏÐÕÌÁÃÅȢ 4ÅÎÔÏ ÖÚÔÁÈ ÊÅ ÕÐÒÁÖÅÎ ÐÒÏ 0-10 kdy 
ÎÜÒĳÓÔ ÒÏéÎþ ËÏÎÃÅÎÔÒÁÃÅ Ï ρπ АÇɇÍϺσ  ÖÅÄÅ Ë σϷ ÎÜÒĳÓÔÕ ĭÍÒÔÎÏÓÔÉ Ö ÅØÐÏÎÏÖÁÎï 
ÐÏÐÕÌÁÃÉȢ :ÜËÌÁÄÎþ ËÏÎÃÅÎÔÒÁÃÅ pro PM10 ÊÅ ςπ АÇɇÍϺσ ɉÄÌÅ 7(/Ɋȟ Õ ËÔÅÒï ĭÍÒÔÎÏÓÔ 
ÎÅÍĳĿÅ ÂĻÔ ÖÙĤĤþ ÎÅĿ ωυϷ ÐÒÁÖÄñÐÏÄÏÂÎÏÓÔ ɉ!ÍÁÎÎ ÅÔ ÁÌȢȟ ςππφɊȢ 6ÚÔÁÈ ÂÙÌ ÖÙÊÜÄĠÅÎ 
ÎÜÓÌÅÄÕÊþÃþ ÒÏÖÎÉÃþȡ 

 

INCR

BASEMAXMB%
M%

)(

C

CCI
I

-
=  

 

kde IM% ÊÅ ÃÅÌËÏÖĻ ÎÜÒĳÓÔ ĭÍÒÔÎÏÓÔÉ Õ ÅØÐÏÎÏÖÁÎï ÐÏÐÕÌÁÃÅȟ CMAX ÊÅ ÍÁØÉÍÜÌÎþ ÒÏéÎþ 
koncentrace PMx, CBASE ÊÅ ÚÜËÌÁÄÎþ ËÏÎÃÅÎÔÒÁÃÅ ɉÖ ÒÏÖÎÉÃÉ АÇɇÍϺ3 a 10 АÇɇÍϺ3 pro PM10 a 
PM2.5), IMB%  (v rovnici do 3 % a 6 % pro PM10 a PM2.5Ɋ ÊÅ ÎÜÒĳÓÔ ÃÅÌËÏÖï ĭÍÒÔÎÏÓÔÉ 
ÊÅÓÔÌÉĿÅ CBASE ÎÁÒĳÓÔÜ Ó CINCR (10 АÇɇÍϺ3). 
 

6¸3,%$+9 ! $)3+53%  

 

/ÂÒÜÚÅË τÁ ÚÎÜÚÏÒĐÕÊÅ ÖĻÖÏÊ ËÏÎÃÅÎÔÒÁÃþ 0-10 ÖÅ ÓÌÅÄÏÖÁÎĻÃÈ ÌÏËÁÌÉÔÜÃÈȢ .ÅÊÖÙĤĤþ 
koncentrace PM10 je v ÌÏËÁÌÉÔÜÃÈ 4ρ Á 4ςȟ ËÔÅÒÜ ÊÅ ÐĠÉÍñĠÅÎÜ ÖÙÓÏËïÍÕ ÄÏÐÒÁÖÎþÍÕ 
ÚÁÔþĿÅÎþȢ .ÅÊÖÙĤĤþ ÈÏÄÎÏÔÙ ÊÓÏÕ ÐÏÚÏÒÏÖÁÔÅÌÎï ÎÁ ÚÁéÜÔËÕ ɉÖ ÒÏÃÅ ςππωɊȢ 6 ÐÒĳÂñÈÕ 
ÄÁÌĤþÃÈ ÌÅÔ ËÏÎÃÅÎÔÒÁÃÅ PM10 ËÌÅÓÜ ɉÎÁÐĠȢ Ö ÏÂÌÁÓÔÉ 4ς ËÏÎÃÅÎÔÒÁÃÅ ËÌÅÓÜ ÍÅÚÉ ÌÅÔÙ ςππω-
ςπρσ ÚÅ χπ ʈÇɇÍϺσ ÎÁ τπ ʈÇɇÍϺσɊȢ /ÂÒÜÚÅË τÂ ÕËÁÚÕÊÅ ÒÏÚÄþÌ ËÏÎÃÅÎÔÒÁÃþ 0-10 a PM2,5 
v oblastech T2 a B1. Koncentrace PM10 v ÐÒĳÂñÈÕ ÌÅÔ ËÌÅÓÜȟ ÚÁÔþÍÃÏ ËÏÎÃÅÎÔÒÁÃÅ 0-2,5 je 
v ÏÂÌÁÓÔÅÃÈ ÔïÍñĠ ÓÔÅÊÎÜ ÎÅÂÏ ÔÒÏÃÈÕ ÎÉĿĤþȢ 6Å ÖĤÅÃÈ ÒÅÇÉÏÎÅÃÈ ÂĻÖÜ ËÏÎÃÅÎÔÒÁÃÅ 0- 
v ÚÉÍÎþÍ ÏÂÄÏÂþ ÖÙĤĤþ ÎÅĿ Ö ÌÅÔÎþÍ ÏÂÄÏÂþȢ 4Ï ÓÅ ÄñÊÅ Ú ÄĳÖÏÄÕ ÌÏËÜÌÎþÈÏ ÖÙÔÜÐñÎþȟ 
ËÔÅÒï ÕÖÏÌĐÕÊÅ ÖÅÌËï ÍÎÏĿÓÔÖþ ÐÒÏÄÕËÔĳÍ ÓÐÁÌÏÖÜÎþ ÖéÅÔÎñ ÐÅÖÎĻÃÈ éÜÓÔÉÃȢ 
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a)   b)  

/ÂÒȢ ρȡ -ñÓþéÎþ ÐÒĳÍñÒ ËÏÎÃentrace PM10 (a) a koncentrace PM10 a PM2,5 (b) na 
ÐÏÚÁìÏÖï ÌÏËÁÌÉÔñ ɉ"ρɊ Á ÄÏÐÒÁÖÏÕ ÚÁÔþĿÅÎï ÌÏËÁÌÉÔñ ɉ4ςɊ Ö letech 2009-2013. 

 
V ÔÁÂÕÌÃÅ ς ÊÓÏÕ ÚÎÜÚÏÒÎñÎÙ ËÏÎÃÅÎÔÒÁÃÅ 0-10 Á ÐÒÏÃÅÎÔÁ ÏÄÈÁÄÕ ÎÜÒÕÓÔÕ 

ĭÍÒÔÎÏÓÔÉȢ /ÂÌÁÓÔ "ρ ÖÙËÁÚÕÊÅ ÎÉĿĤþ ÐÒÏÃÅÎÔÏ ÚÖĻĤÅÎþ ĭÍÒÔÎÏÓÔÉ ÎÅĿ ÏÓÔÁÔÎþ ÏÂÌÁÓÔÉȢ 
.ÉÃÍïÎñ ÍÁØÉÍÜÌÎþ ËÏÎÃÅÎÔÒÁÃÅ Ö ÒÏÃÅ ςπρσ ÄÏÓÜÈÌÁ ρπχ ʈÇȢÍϺσȟ ÃÏĿ ÐĠÅÄÓÔÁÖÕÊÅ 
ÎÜÒÕÓÔ ÖÅ ÓÒÏÖÎÜÎþ Ó ÐĠÅÄÃÈÏÚþÍÉ ÒÏËÙȢ $ÌÏÕÈÏÄÏÂñÊĤþ ÖÙÓÔÁÖÅÎþ ÔÁËÏÖï ËÏÎÃÅÎÔÒÁÃÅ ÂÙ 
ÍÏÈÌÏ ÖïÓÔ ËÅ ÚÖĻĤÅÎþ ĭÍÒÔÎÏÓÔÉ Ï ςφȟρ ϷȢ  

 
4ÁÂȢ ςȡ /ÄÈÁÄ ÚÖĻĤÅÎþ ĭÍÒÔÎÏÓÔÉ Ö ÚÜÖÉÓÌÏÓÔÉ ÎÁ 0-10 ɉÍÁØÉÍÜÌÎþ ÒÏéÎþ ËÏÎÃÅÎÔÒÁÃÅ 
ɉʈÇȢÍϺσɊ Ⱦ ÚÖĻĤÅÎþ ĭÍÒÔÎÏÓÔÉ ɉϷɊɊ 

 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 

 
4ÁÂÕÌËÁ σ ÚÎÜÚÏÒĐÕÊÅ ÍÁØÉÍÜÌÎþ ÒÏéÎþ ËÏÎÃÅÎÔÒÁÃÅ Á ÏÄÈÁÄ ÚÖĻĤÅÎþ ĭÍÒÔÎÏÓÔÉ ÐÒÏ 

PM2,5Ȣ .ÅÊÈÏÒĤþ ÓÉÔÕÁÃÅ ÂÙÌÁ Ö ÒÏÃÅ ςπρπ Ö ÏÂÌÁÓÔÉ 4ςȢ -ÁØÉÍÜÌÎþ ÈÏÄÎÏÔÁ ÐĠÅÓÁÈÕÊÅ 
160 ʈÇȢÍϺσȟ ÃÏĿ Ö ÐĠÅÐÏéÔÕ ÎÁ ÏÄÈÁÄ ÚÖĻĤÅÎþ ĭÍÒÔÎÏÓÔÉ ÐĠÅÄÓÔÁÖÕÊÅ ωρȟρ %. Koncentrace 
ÓÅ ÂñÈÅÍ ÐÏÓÌÅÄÎþÃÈ σ ÌÅÔ ÓÎþĿÉÌÁȟ ÁÌÅ ÐÏĠÜÄ ÊÅ ÎÁ ÈÏÄÎÏÔÜÃÈ ËÏÌÅÍ ρςπ ʈÇȢÍϺσȟ ÃÏĿ 
ÏÄÐÏÖþÄÜ φυϷ ÎÜÒÕÓÔÕ ĭÍÒÔÎÏÓÔÉȢ   

 
4ÁÂȢ σȡ /ÄÈÁÄ ÚÖĻĤÅÎþ ĭÍÒÔÎÏÓÔÉ Ö ÚÜÖÉÓlosti na PM2,5 ɉÍÁØÉÍÜÌÎþ ÒÏéÎþ ËÏÎÃÅÎÔÒÁÃÅ 
ɉʈÇȢÍϺσɊ Ⱦ ÚÖĻĤÅÎþ ĭÍÒÔÎÏÓÔÉ ɉϷɊɊ 

 2009  2010  2011  2012  2013  

B1 - - 127/ 70.2 90/ 48.0 100/ 54.0 

T1 137.3/ 76.4 161.8/ 91.1 115.3/ 63.2 117.7/ 64.6 124.5/ 68.7 

 
:<6Q2 

 
:ÎÅéÉĤÔñÎþ ÏÖÚÄÕĤþ ÊÅ Ö ÃÅÎÔÒÕ ÍñÓÔÁ "ÒÎÁ ÎÁ ÖÅÌÍÉ ÖÙÓÏËï ĭÒÏÖÎÉȢ +ÏÎÃÅÎÔÒÁÃÅ 

éÜÓÔÉÃ ÐĠÅËÒÁéÕÊþ ÖĤÅÃÈÎÙ ÐÏÖÏÌÅÎï ÌÉÍÉÔÙȟ ËÏÎÃÅÎÔÒÁÃÅ 0-10 ÊÓÏÕ Ö ÎñËÔÅÒĻÃÈ ÏÂÌÁÓÔÅÃÈ 
ÁĿ ÔĠÉËÒÜÔ ÖÙĤĤþ ÎÅĿ ÐÏÖÏÌÅÎï ÌÉÍÉÔÙȢ 6ĻÊÉÍËÏÕ ÊÅ ÏÂÌÁÓÔ "ρȟ ËÔÅÒÜ ÎÅÎþ ÚÁÔþĿÅÎÁ ÄÏÐÒÁÖÏÕȢ 
6 ÔïÔÏ ÏÂÌÁÓÔÉ ÎÅÄÏÃÈÜÚþ Ë ÐĠÅËÒÏéÅÎþ ÐÏÖÏÌÅÎĻÃÈ ÌÉÍÉÔĳ ËÏÎÃÅÎÔÒÁÃþȢ 
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-ÉÒÏÓÌÁÖ +,<.ȟ 0ÅÔÒÁ 0/+/2.<ȟ *ÁÎ (/6/2+! 

 
ªÓÔÁÖ ÐÒÏ ĿÉÖÏÔÎþ ÐÒÏÓÔĠÅÄþȟ 0Ġ& 5+ȟ 0ÒÁÈÁȟ ÍÉÒÏÓÌÁÖȢËÌÁÎͽÎÁÔÕÒȢÃÕÎÉȢÃÚ 

 
+ÌþéÏÖÜ ÓÌÏva: PM10, PM2,5-10, RÏÔÁéÎþ ÉÍÐÁËÔÏÒ σ$25-Ⱦψ$25-ȟ SEM EDX 

 
SUMMARY 

 
The sampling campaign was conducted during two periods in early spring and 

ÓÕÍÍÅÒ ςπρσ ÉÎ 0ÌÚÅĐ ɀ 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 PM10 PM2.5 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 PM10,   PM2.5-10 and PM1-10 concentrations and meteorological conditions. The number 
of the critical actinolite fibres increased with PM10/PM1-10 and PM10/PM2.5-10 ratio 
increase,  WS > 2 m.s-1 and precipitation  < 1 mm. Based on the results the number of the 
critical actinolite fibres is WD independent thus the actinolite fibres sources are 
ubiquitous.  

 
ª6/$ 

 
0ÒÏÂÌÅÍÁÔÉËÁ ÖĻÓËÙÔÕ Á ÖÎÜĤÅÎþ ÁÚÂÅÓÔÏÖĻÃÈ ÖÌÜËÅÎ ÄÏ ÖÅÎËÏÖÎþÈÏ ÏÖÚÄÕĤþ ÓÅ ÚÄÜ 

ÂĻÔ ÄÎÅÓ ÊÉĿ ÖÙĠÅĤÅÎÁ Á ÎÅÊÅÄÎÜ ÓÅ ÎÉÊÁË Ï ÎÏÖï ÔïÍÁȢ !ÖĤÁË É ÐĠÅÓ ÊÅÄÎÏÚÎÁéÎÏÕ ÓÃÈÏÄÕ 
ÍÉÎÉÍÁÌÉÚÏÖÁÔ ÍÁÎÉÐÕÌÁÃÉ Á ÔñĿÂÕ ÔÏÈÏÔÏ ÎÅÂÅÚÐÅéÎïÈÏ ËÁÒÃÉÎÏÇÅÎÎþÈÏ ÍÁÔÅÒÉÜÌÕ ÓÅ 
ÍĳĿÅÍÅ Ö ÄÎÅĤÎþ ÄÏÂñ ÓÅÔËÁÔ Ó ÖÙÓÏËĻÍÉ ËÏÎÃÅÎÔÒÁÃÅÍÉ ÁÚÂÅÓÔÏÖĻÃÈ ÖÌÜËÅÎ ÖÅ 
ÖÅÎËÏÖÎþÍ ÏÖÚÄÕĤþ ɉ3ÁËÁÉ Åt al., 2001, Larson et al., 2010). V IÅÓËï ÒÅÐÕÂÌÉÃÅ ÂÙÌÙ Ö roce 
ςππς ÐÏÐÒÖï ÚÊÉĤÔñÎÙ ÎÁÄÌÉÍÉÔÎþ ËÏÎÃÅÎÔÒÁÃÅ ÁÚÂÅÓÔÏÖĻÃÈ ÖÌÜËÅÎ ÁËÔÉÎÏÌÉÔÕ ÖÅ 
ÖÅÎËÏÖÎþÍ ÏÖÚÄÕĤþ ÍñÓÔÁ 0ÌÚÎñ Á ÊÅÈÏ ÏËÏÌþ ɉIÅÒÖÅÎËÁȟ ςππυɊȢ 
 

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

6ÚÏÒËÙ ÁÅÒÏÓÏÌÕȟ ÒÏÚÌÉĤÅÎï ÄÏ σ ÎÅÂÏ ψ ÖÅÌÉËÏÓÔÎþÃÈ ÆÒÁËÃþȟ ÂÙÌÙ ÏÄÅÂþÒÜÎÙ Ö                
Plzni ɀ ,ÉÔÉÃþÃÈ Ö ÏÂÄÏÂþ τȢτȢ ɀ 14.5. a 12.8. ɀ ρπȢωȢ ςπρσ  ÒÏÔÁéÎþÍÉ ÉÍÐÁËÔÏÒÙ 
3DRUM/8DRUM s ÉÎÔÅÇÒÁéÎþ ÄÏÂÏÕ σπȟ φπ Á ρςπ ÍÉÎÕÔȢ 3ÏÕéÁÓÎñ Ó ÏÄÂñÒÅÍ ÖÅÌÉËÏÓÔÎñ 
ÓÅÇÒÅÇÏÖÁÎĻÃÈ ÖÚÏÒËĳ ÁÅÒÏÓÏÌÕ $25- ÉÍÐÁËÔÏÒÙ ÐÒÏÂþÈÁÌÁ ÍñĠÅÎþ φπ ÍÉÎÕÔÏÖĻÃÈ 
ÐÒĳÍñÒĳ ËÏÎÃÅÎÔÒÁÃþ 0-10, PM2,5 a PM1 ÍÏÎÉÔÏÒÅÍ 'ÒÉÍÍ ɉI(-ªɊ Á ρπ ÍÉÎÕÔÏÖĻÃÈ 
ÐÒĳÍñÒĳ ÒÙÃÈÌÏÓÔÉ Á ÓÍñÒÕ ÖñÔÒÕ Á ÓÒÜĿËÏÖïÈÏ ĭÈÒÎÕ ɉ0ÌÚÅĐ--ÉËÕÌËÁȟ I(-ªɊȢ  

-ÙÌÁÒÏÖï ÆĕÌÉÅ Ó ÄÅÐÏÚÉÔÅÍ ÐÒÖÎþ ÖÅÌÉËÏÓÔÎþ ÆÒÁËÃÅ σ$25-  ɉρȟρυ ɀ ρπ АÍɊ Á ÐÒÖÎþ 
ÔĠþ ÖÅÌÉËÏÓÔÎþÃÈ ÆÒÁËÃþ ψ$25- ɉρπ ɀ υ АÍȟ υ ɀ ςȟυ АÍ Á ςȟυ ɀ ρȟρυ АÍɊ ÂÙÌÙ ÁÎÁÌÙÚÏÖÜÎÙ 
SEM (TESCAN-Vega) s EDX (X-MAX 50, Oxford Instruments). .Á ÚÜËÌÁÄñ ËÏÎÃÅÎÔÒÁÃþ 
PM10, PM2,5-10/PM1-10 Á ÍÅÔÅÏÒÏÌÏÇÉÃËĻÃÈ ÐÏÄÍþÎÅË ÂÙÌÏ ÐÒÏ 3%- %$8 ÁÎÁÌĻÚÕ ÖÙÂÒÜÎÏ 
υ ÍþÓÔ depozitu. Vzhledem k ÒÏÚÍñÒĳÍ ÖÚÏÒËÕ πȟυ ÍÍ Ø φ ÍÍ ÏÄÐÏÖþÄÁÊþÃþ Õ ψ$25- 
φπ ÎÅÂÏ ρςπ ÍÉÎÕÔÜÍ Á πȟυ Ø ρπ ÍÍ ÏÄÐÏÖþÄÁÊþÃþ Õ σ$25- σπ ÎÅÂÏ φπ ÍÉÎÕÔÜÍ ÂÙÌ 
ÖÚÏÒÅË ÒÏÚÄñÌÅÎ ÎÁ ÔĠÉ ÁĿ éÔÙĠÉ éÜÓÔÉ Ï ÒÏÚÍñÒÅÃÈ πȟυ Ø πȟυ ÍÍȟ ËÄÅ ÂÙÌÁ ÐÏéþÔÜÎÁ ÚÒÎÁ Á 
ÖÌÜËÎÁ ÁËÔÉÎÏÌÉÔu.  
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6¸3,%$+9ȟ $)3+53%ȟ :<6Q29 
 

5 ÖÙÂÒÁÎĻÃÈ ÖÚÏÒËĳ ÂÙÌÙ ÎÁ ÚÜËÌÁÄñ ÖÙÓÏËĻÃÈ ËÏÎÃÅÎÔÒÁÃþÃÈ 3Éȟ -Çȟ #Á Á !Ì 
ÄÅÔÅËÏÖÜÎÁ ÚÒÎÁ Á ÖÌÜËÎÁ ÁËÔÉÎÏÌÉÔÕ ɉ4ÁÂȢ ρɊȢ 6 ÐÒĳÍñÒÕ ÂÙÌÏ ÁÎÁÌÙÚÏÖÜÎÏ τπ éÜÓÔÉÃ ÎÁ 
ÔĠÅÃÈ ÁĿ éÔÙĠÅÃÈ ÓÎþÍÃþÃÈ ÐÒÏ ËÁĿÄĻ ÖÚÏÒÅËȟ ÃÅÌËÅÍ ÔÅÄÙ ÖþÃÅ ÎÅĿ ρςπ ÁÎÁÌĻÚȢ  
3%- %$8 ÁÎÁÌĻÚÁ ÖÚÏÒËĳ Ú ψ$25- Ó ÉÎÔÅÇÒÁéÎþ ÄÏÂÏÕ φπ Á ρςπ ÍÉÎÕÔ ÂÙÌÁ 

v ÐÏÒÏÖÎÜÎþ Ó ÁÎÁÌĻÚÏÕ ÖÚÏÒËĳ σ$25- Ó ÉÎÔÅÇÒÁéÎþ ÄÏÂÏÕ σπ Á φπ ÍÉÎÕÔ ÖÚÈÌÅÄÅÍ 
k ÎÉĿĤþÍÕ ÐÒĳÔÏËÕ ÖÚÄÕÃÈÕ ÐĠþÓÔÒÏÊÅÍ ÍïÎñ éÁÓÏÖñ ÎÜÒÏéÎÜȢ $ÏÂÁ ÁÎÁÌĻÚÙ ÓÅ ÄÌÅ 
ËÏÎÃÅÎÔÒÁÃþ 0-1-10 nebo PM2,5-10 pohybovala v ÒÏÚÍÅÚþ ÄÖÏÕ ÁĿ ÐñÔÉ ÈÏÄÉÎȢ 

 
4ÁÂȢ ρȡ 3ÏÕÈÒÎÎĻ ÐĠÅÈÌÅÄ ÖĻÓÌÅÄËĳ ÐÒÏ ÍñĠþÃþ ÏÂÄÏÂþ τȢτȢ ɀ 14.5. 2013 ze SEM EDX.  

    
 0ÏéÅÔ ÚÒÎ 
na 1mm2 

0ÏéÅÔ ÖÌÜËÅÎ 
na 1 mm2 

0ÏéÅÔ ÚÒÎ ÎÁ       
1 m3 vzduchu 

0ÏéÅÔ ÖÌÜËÅÎ ÎÁ    
1 m3 vzduchu 

Vzorek 1 5 - ρπ АÍ 33 12 290 131 
  2,5 - υ АÍ 41 20 348 193 
  Celkem 75 32 588 282 
Vzorek 2  5 - ρπ АÍ 6 3 41 27 
  2,5 - υ АÍ 14 7 73 45 
  Celkem 20 10 97 57 
Vzorek 3  5 - ρπ АÍ 20 8 97 49 
  2,5 - υ АÍ 56 20 227 97 
  Celkem 76 28 297 126 

 
0ÏéÅÔ ÖÌÜËÅÎ ÁËÔÉÎÏÌÉÔÕ ÒÏÓÔÌ Ó ËÏÎÃÅÎÔÒÁÃþ  0-1-10 nebo PM2,5-10 ȟ ÒÙÃÈÌÏÓÔþ ÖñÔÒÕ > 2 

m.s-1 ÂÅÚ ÏÈÌÅÄÕ ÎÁ ÓÍñÒ ÐÒÏÕÄñÎþ ÐĠÉ ÓÒÜĿËÜÃÈ ÄÏ ρ ÍÍȢ Z ÖĻÓÌÅÄËĳ ÖÙÐÌĻÖÜȟ ĿÅ ÐÏéÅÔ 
ÖÌÜËÅÎ ÁËÔÉÎÏÌÉÔÕ ÎÅÖÙËÁÚÕÊÅ ÚÜÖÉÓÌÏÓÔ ÎÁ ÓÍñÒÕ ÖñÔÒÕȢ  
+ ÚþÓËÜÎþ ÐÏÄÒÏÂÎï ÃÈÁÒÁËÔÅÒÉÓÔÉËÙ ÁÔÍÏÓÆïÒÉÃËïÈÏ ÁÅÒÏÓÏÌÕȟ ÍÏÒÆÏÌÏÇÉÅ Á 

ÅÌÅÍÅÎÔÜÒÎþ ÓÌÏĿÅÎþ ÊÅÄÎÏÔÌÉÖĻÃÈ éÜÓÔÉÃȟ Ö ÏÖÚÄÕĤþ ÍñÓÔÁ 0ÌÚÎñ ÓÅ ÊÅÖþ ÊÁËÏ ÖÈÏÄÎï 
ËÏÎÔÉÎÕÜÌÎþ ÖÚÏÒËÏÖÜÎþ ÐÏÍÏÃþ ψ$25- Ó ÉÎÔÅÇÒÁéÎþ ÄÏÂÏÕ φπ ÍÉÎÕÔ Ó ÎÜÓÌÅÄÎÏÕ 3%- 
%$8 ÁÎÁÌĻÚÏÕ ÖÚÏÒËĳ ÖÅÌÉËÏÓÔÎþ ÆÒÁËÃÅ ρπ ɀ 5 ʈm a 5 ɀ 2,5 ʈm. 

 
0/$Q+/6<.^ 

 
3ÔÕÄÉÅ ÂÙÌÁ ÆÉÎÁÎéÎñ ÐÏÄÐÏĠÅÎÁ Ú &ÏÎÄÕ ĿÉÖÏÔÎþÈÏ ÐÒÏÓÔĠÅÄþ ÍñÓÔÁ 0ÌÚÎñȢ 
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ªÓÔÁÖ ÁÎÁÌÙÔÉÃËï ÃÈÅÍÉÅ !6 I2ȟ ÖȢÖȢÉȢȟ "ÒÎÏȟ IÅÓËÜ ÒÅÐÕÂÌÉËÁȟ mikuska@iach.cz 
 

+ÌþéÏÖÜ ÓÌÏÖÁȡ +ÏÎÔÉÎÕÜÌÎþ ÖÚÏÒËÏÖÁéȟ /Î-ÌÉÎÅ ÁÎÁÌĻÚÁȟ !ÔÍÏÓÆïÒÉÃËĻ ÁÅÒÏÓÏÌ 
 

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. 
 

ª6/$ 
 
 !ÔÍÏÓÆïÒÉÃËï ÁÅÒÏÓÏÌÙ ÈÒÁÊþ ÄĳÌÅĿÉÔÏÕ ÒÏÌÉ ÐĠÉ ÒĳÚÎĻÃÈ ÅÎÖÉÒÏÎÍÅÎÔÜÌÎþÃÈ 
ÐÒÏÂÌïÍÅÃÈ Á ÐÏÔÖÒÄÉÌÁ ÓÅ É ÓÏÕÖÉÓÌÏÓÔ ÁÅÒÏÓÏÌĳ ÓÅ ÚÖĻĤÅÎÏÕ ĭÍÒÔÎÏÓÔþ ÏÂÙÖÁÔÅÌÓÔÖÁȢ 
 Pro ÓÔÁÎÏÖÅÎþ ÃÈÅÍÉÃËïÈÏ ÓÌÏĿÅÎþ ÁÅÒÏÓÏÌĳ ÊÅ ÄÎÅÓ ÖñÔĤÉÎÏÕ ÖÙÕĿþÖÜÎ ÊÅÊÉÃÈ ÚÜÃÈÙÔ 
na filtrech s ÎÜÓÌÅÄÎÏÕ ÏÆÆ-ÌÉÎÅ ÁÎÁÌĻÚÏÕȢ .ÅÖĻÈÏÄÏÕ ÊÅ ÉÎÔÅÇÒÜÌÎþ ÉÎÆÏÒÍÁÃÅ Ï 
ÃÈÅÍÉÃËïÍ ÓÌÏĿÅÎþ Á ÔÁËï ÍÎÏÈÏ ÖÚÏÒËÏÖÁÃþÃÈ ÁÒÔÅÆÁËÔĳȢ !ÌÔÅÒÎÁÔÉÖÏÕ ÊÓÏÕ ÏÄÂñÒÏÖÜ 
ÚÁĠþÚÅÎþ ÖÙÕĿþÖÁÊþÃþ ËÏÎÄÅÎÚÁÃÅ ÐĠÅÓÙÃÅÎï ÖÏÄÎþ ÐÜÒÙ ÎÁ éÜÓÔÉÃþÃÈ ÁÅÒÏÓÏÌÕ ɉKhlystov a 
spol., 1995; Weber Á ÓÐÏÌȢȟ ςππρɊȟ ËÄÙ ÁÎÁÌÙÚÏÖÁÎĻ ÖÚÄÕÃÈ ÊÅ ÓÍþÃÈÜÖÜÎ Ó ÐĠÅÓÙÃÅÎÏÕ 
ÖÏÄÎþ ÐÜÒÏÕȟ ÐÏ ÏÃÈÌÁÚÅÎþ ÓÍñÓÉ ÄÏÃÈÜÚþ ËÅ ËÏÎÄÅÎÚÁÃÉ ÐÜÒÙ ÎÁ éÜÓÔÉÃþÃÈȢ 0ĠÅÓÔÏĿÅ 
ËÏÎÄÅÎÚÁéÎþ ÐÒÉÎÃÉÐ Ö ÓÏÕéÁÓÎï ÄÏÂñ ÐĠÉ ËÏÎÔÉÎÕÜÌÎþÍ ÖÚÏÒËÏÖÜÎþ ÁÅÒÏÓÏÌĳ ÐĠÅÖÁĿÕÊÅȟ 
ÐÏÕĿÉÔþ ÈÏÒËï ÐÜÒÙ ÎÅÕÍÏĿĐÕÊÅ ÓÐÏÌÅÈÌÉÖï ÖÚÏÒËÏÖÜÎþ ÁÅÒÏÓÏÌĳ ÏÂÓÁÈÕÊþÃþÃÈ ÔñËÁÖï 
ÓÌÏÕéÅÎÉÎÙ ɉ36/#ȟ .(4NO3ɊȢ -ÉÍÏÔÏȟ ÒÅÁËÃÅ ÈÏÒËï ÐÜÒÙ Ó ÏØÉÄÅÍ ÄÕÓÉéÉÔĻÍȟ ÖÅÄÅ ËÅ 
ÖÚÎÉËÕ ÐÏÚÉÔÉÖÎþÃÈ ÁÒÔÅÆÁËÔĳ ÐĠÉ ÎÜÓÌÅÄÎï ÁÎÁÌĻÚÅ ÄÕÓÉÔÁÎĳ Á ÄÕÓÉéÎÁÎĳ ÎÁ éÜÓÔÉÃþÃÈȢ  
 .Á ÏÄÌÉĤÎïÍ ÐÒÉÎÃÉÐÕ ÚÜÃÈÙÔÕ ÁÅÒÏÓÏÌĳ ÐÒÁÃÕÊÅ ÁÅÒÏÓÏÌÏÖĻ ÖÚÏÒËÏÖÁé ɉÔÚÖȢ !Årosol 
Counter-ÆÌÏ× 4×Ï *ÅÔÓ 5ÎÉÔȟ !#4*5Ɋȟ ËÔÅÒĻ ÐÒÏ ÚÜÃÈÙÔ ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃ ÖÙÕĿþÖÜ 
ÄÅÉÏÎÉÚÏÖÁÎÏÕ ÖÏÄÕ ÐĠÉ ÌÁÂÏÒÁÔÏÒÎþ ÔÅÐÌÏÔñ ɉ-ÉËÕĤËÁ Á 6ÅéÅĠÁȟ ςππυɊȢ .ÅÖĻÈÏÄÏÕ 
ÁËÔÕÜÌÎþ ÖÅÒÚÅ ÖÚÏÒËÏÖÁéÅ ÊÅ ÐÏÓÔÕÐÎñ ËÌÅÓÁÊþÃþ ĭéÉÎÎÏÓÔ ÚÜÃÈÙÔÕ ÐÒÏ éÜÓÔÉÃÅ ÍÅÎĤþ ÎÅĿ 
300 nm. 
 0ĠþÓÐñÖÅË ÓÅ ÚÁÂĻÖÜ ÚÖĻĤÅÎþÍ ĭéÉÎÎÏÓÔÉ ÖÚÏÒËÏÖÁéÅ É ÐÒÏ ÚÜÃÈÙÔ éÜÓÔÉÃ ÍÅÎĤþÃÈ ÎÅĿ 
σππ ÎÍȢ 0ÏÕĿÉÔþÍ ÔÚÖȢ ȵÒĳÓÔÏÖï ÔÒÕÂËÙȰ ɉ24Ɋȟ ËÔÅÒÜ ÊÅ ÕÍþÓÔñÎÁ ÐĠÅÄ ÖÚÏÒËÏÖÁéÅÍȟ 
ÖÚÒÏÓÔÅ ÖÅÌÉËÏÓÔ éÜÓÔÉÃ ÎÁ ÎñËÏÌÉË АÍȢ :ÖñÔĤÅÎï éÜÓÔÉÃÅ ÊÓÏÕ ÐÁË ÎÜÓÌÅÄÎñ ÓÎÁÄÎÏ 
zachyceny v !#4*5 ÖÚÏÒËÏÖÁéÉȢ  
 

%80%2)-%.4<,.^ I<34 
 
 :ÜÃÈÙÔ ÁÅÒÏÓÏÌĳ Ö ÁÅÒÏÓÏÌÏÖïÍ ÖÚÏÒËÏÖÁéÉ !#4*5 ÂÙÌ ÓÔÕÄÏÖÜÎ ÐÏÍÏÃþ 
ÓÔÁÎÄÁÒÄÎþÈÏ ÐÏÌÙÄÉÓÐÅÒÚÎþÈÏ ÁÅÒÏÓÏÌÕ #Ïɉ./3)2Ȣ $ÉÓÔÒÉÂÕÃÅ Á ÚÜËÌÁÄÎþ ÃÈÁÒÁËÔÅÒÉÓÔÉËÙ 
ÇÅÎÅÒÏÖÁÎïÈÏ ÁÅÒÏÓÏÌÕ ɉÍÏÄ ςσȟσ ÎÍȟ ÇÅÏÍÅÔÒÉÃËĻ ÐÒĳÍñÒ ςυȟσ ÎÍȟ ÃÅÌËÏÖÜ 
koncentrace 2,73x105 #/cm 3Ɋ ÂÙÌÙ ÚÍñĠÅÎÙ ÐÏÍÏÃþ ÓÐÅËÔÒÏÍÅÔÒÕ 3-03 ɉ43)ȟ 53!ɊȢ 
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$ÉÓÔÒÉÂÕÃÅ ÁÅÒÏÓÏÌÕ ÎÁ ÖĻÓÔÕÐÕ Ú ÒĳÓÔÏÖï ÔÒÕÂËÙ ÂÙÌÁ ÍñĠÅÎÁ ÐÏÍÏÃþ ÏÐÔÉÃËïÈÏ 
ÓÐÅËÔÒÏÍÅÔÒÕ 7ÅÌÁÓ σπππ ɉ0ÁÌÁÓȟ .ñÍÅÃËÏɊȢ 
 2ĳÓÔÏÖÜ ÔÒÕÂËÁ ɉ24Ɋ ÓÅ ÓËÌÜÄÜ ÚÅ ÔĠþ ÎÁ ÓÅÂÅ ÎÁÖÁÚÕÊþÃþÃÈ ÓËÌÅÎñÎĻÃÈ ÔÒÕÂÉÃ ÖÅ ÓÖÉÓÌï 
ÐÏÌÏÚÅȢ 0ÏÖÒÃÈ ÖÎÉÔĠÎþÃÈ ÓÔÒÁÎ ÔÒÕÂÅË ÊÅ ÓÐÅÃÉÜÌÎñ ÕÐÒÁÖÅÎ ÐÒÏ ÚÁÂÅÚÐÅéÅÎþ ÄÏËÏÎÁÌï 
ÓÍÜéÉÖÏÓÔÉ ÐÒÏ ÖÏÄÕȢ $Ï ËÁĿÄï ÔÒÕÂËÙ ÊÅ ÐĠÉÖÜÄñÎÁ ÎÁ ÈÏÒÎþÍ ËÏÎÃÉ ÄÅÉÏÎÉÚÏÖÁÎÜ ÖÏÄÁ 
ɉρ Í,ȾÍÉÎɊȟ ËÔÅÒÜ ÊÅ ÐÁË ÎÁ ÄÏÌÎþÍ ËÏÎÃÉ ÚÁÓÅ ÏÄÅÂþÒÜÎÁȢ !ÎÁÌÙÚÏÖÁÎĻ ÖÚÄÕÃÈ ɉÐÒĳÔÏË υ 
,ȾÍÉÎɊ ÊÅ ÎÁÓÜÖÜÎ ÐĠÅÓ 24 ÄÏ !#4*5Ȣ  
 

6¸3,%$+9 
 

 0ÒÏ ÚÖĻĤÅÎþ ĭéÉÎÎÏÓÔÉ ÚÜÃÈÙÔÕ É ÐÒÏ éÜÓÔÉÃÅ ÁÅÒÏÓÏÌÕ ÍÅÎĤþ ÎÅĿ σππ ÎÍ ÂÙÌÁ ÐĠÅÄ 
!#4*5 ÖÚÏÒËÏÖÁé ÐĠÅÄĠÁÚÅÎÁ ÔÚÖȢ ȰÒĳÓÔÏÖÜ ÔÒÕÂËÁȱ ÐÒÁÃÕÊþÃþ ÎÁ ÐÒÉÎÃÉÐÕ ËÏÎÄÅÎÚÁÃÅ 
voÄÎþ ÐÜÒÙȢ 24 ÊÅ ÓÌÏĿÅÎÁ ÚÅ σ éÜÓÔþȟ ËÔÅÒï ÊÓÏÕ ÐÏÓÔÕÐÎñ ÃÈÌÁÚÅÎÙȟ ÚÁÈĠþÖÜÎÙ Á ÏÐñÔ 
chlazeny (Hering et al., 2014)Ȣ "ñÈÅÍ ÐÒĳÃÈÏÄÕ ÖÚÄÕÃÈÕ Ó ÁÅÒÏÓÏÌÙ ÐĠÅÓ RT vzroste 
ÖÅÌÉËÏÓÔ ÐĳÖÏÄÎñ ÎÁÎÏÍÅÔÒÏÖĻÃÈ éÜÓÔÉÃ ÎÁ ÎñËÏÌÉË АÍȢ :ÖñÔĤÅÎï éÜÓÔÉÃÅ ÊÓÏÕ ÐÁË 
ÎÜÓÌÅÄÎñ ÓÎÁdno zachyceny v !#4*5 ÖÚÏÒËÏÖÁéÉȢ ªéÉÎÎÏÓÔ ÚÜÃÈÙÔÕ éÜÓÔÉÃ ÊÅ ρππϷ 
ɉÏÖñĠÅÎÏ ÐÒÏ éÜÓÔÉÃÅ Ö ÒÏÚÍÅÚþ 10-200 nm a koncentraci 103-105 P/cm3). Interference 
ÐÌÙÎÎĻÃÈ ÐÏÌÕÔÁÎÔĳ ÊÓÏÕ ÏÄÓÔÒÁÎñÎÙ ÐÏÕĿÉÔþÍ ÁÎÕÌÜÒÎþÈÏ ÄÉÆĭÚÎþÈÏ ÄÅÎÕÄÅÒÕ ɉ-ÉËÕĤËÁ 
a spol., 2012). Postupnñ ÂÙÌÏ ÔÅÓÔÏÖÜÎÏ ÎñËÏÌÉË ÖĻÖÏÊÏÖĻÃÈ ÖÅÒÚþ 24ȟ ÖĻÓÌÅÄËÙ ÂÕÄÏÕ 
ÐÒÅÓÅÎÔÏÖÜÎÙȢ &ÕÎËéÎÏÓÔ ÓÙÓÔïÍÕ 24-!#4*5 ÂÙÌÁ ÏÖñĠÅÎÁ ÐĠÉ ÖÚÏÒËÏÖÜÎþ ÍñÓÔÓËïÈÏ 
ÁÅÒÏÓÏÌÕ Ó ÎÜÓÌÅÄÎÏÕ ÁÎÁÌĻÚÏÕ .(4+ȟ ÌÅÖÏÇÌÕËÏÓÁÎÕ ÎÅÂÏ ÄÉËÁÒÂÏØÙÌÏÖĻÃÈ ËÙÓÅÌÉÎȢ *ÁËÏ 
ÒÅÆÅÒÅÎéÎþ ÍÅÔÏÄÁ ÂÙÌÏ ÐÏÕĿÉÔÏ ÐÁÒÁÌÅÌÎþ ÖÚÏÒËÏÖÜÎþ ÁÅÒÏÓÏÌÕ ÎÁ ÆÉÌÔÒȢ  
 

:<6Q29 
 
 0ĳÖÏÄÎþ ÖÅÒÚÅ !#4*5 ÓÁÍÐÌÅÒÕ ÂÙÌÁ ÍÏÄÉÆÉËÏÖÜÎÁ ÐĠÅÄĠÁÚÅÎþÍ ÒĳÓÔÏÖï ÔÒÕÂËÙȟ ÃÏĿ 
ÚÁÂÅÚÐÅéÉÌÏ ËÖÁÎÔÉÔÁÔÉÖÎþ ÚÜÃÈÙÔ É éÜÓÔÉÃ Ö ÎÁÎÏÍÅÔÒÏÖïÍ ÒÏÚÍÅÚþȢ 
 

0/$Q+/6<.^ 
 
 4ÁÔÏ ÐÒÜÃÅ ÂÙÌÁ ÐÏÄÐÏÒÏÖÜÎÁ ÇÒÁÎÔÅÍ '! I2 éȢ P503/ 14/25558S a ÖĻÚËÕÍÎĻÍ 
ÚÜÍñÒÅÍ ªÓÔÁÖÕ ÁÎÁÌÙÔÉÃËï ÃÈÅÍÉÅ !6 I2ȟ ÖȢÖȢÉȢȟ éȢ 26/ȡ 68081715. 
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-ÉÃÈÁÌ 6/*4^£%+ 

 
#ÅÎÔÒÕÍ ÖÏÚÉÄÅÌ ÕÄÒĿÉÔÅÌÎï ÍÏÂÉÌÉÔÙȟ IÅÓËï ÖÙÓÏËï ÕéÅÎþ ÔÅÃÈÎÉÃËï Ö Praze, 

michal.vojtisek@fs.cvut.cz 
 

+ÌþéÏÖÜ ÓÌÏÖÁȡ !ÔÍÏÓÆïÒÉÃËï ÁÅÒÏÓÏÌÙȟ +ÖÁÌÉÔÁ ÏÖÚÄÕĤþȟ .ÁÎÏéÜÓÔÉÃÅȟ 6ÅÌÉËÏÓÔÎþ ÄÉÓÔÒÉÂÕÃÅȟ 
6ĻÆÕËÏÖï ÅÍise, Doprava, Automobily 

 
SUMMARY 

 
4ÈÉÓ ÓÔÕÄÙ ÁÔÔÅÍÐÔÓ ÔÏ ÁÓÓÅÓÓ ÔÈÅ ÅÆÆÅÃÔÓ ÏÆ ÔÈÅ ÃÌÏÓÕÒÅ ÏÆ .ÜÒÏÄÎþ ÓÔÒÅÅÔ ÉÎ 

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 
ÓÐÁÔÉÁÌ ÁÎÄ ÔÅÍÐÏÒÁÌ ȰÈÏÔÓÐÏÔÓȱ ÏÒÉÇÉÎÁÔÉÎÇ ÆÒÏÍ ÐÁÓÓÉÎÇ ÖÅÈÉÃÌÅÓȢ -ÏÂÉÌÅ ÍÅÁÓÕÒÅÍÅÎÔÓ 
also show the high contribution of high emitting vehicles to total particle concentrations. 

 
ª6/$ 

 
3ÐÁÌÏÖÁÃþ ÍÏÔÏÒÙȟ ËÔÅÒï ÐÏÈÜÎñÊþ ÖñÔĤÉÎÕ ÍÏÔÏÒÏÖĻÃÈ ÖÏÚÉÄÅÌ Á ÐÏÊþÚÄÎĻÃÈ 

ÐÒÁÃÏÖÎþÃÈ ÓÔÒÏÊĳȟ ÅÍÉÔÕÊþ éÜÓÔÉÃÅ Ï ÒÏÚÍñÒÕ ÐĠÅÖÜĿÎñ ÊÅÄÎÏÔÅË ÁĿ ÓÔÏÖÅË ÎÁÎÏÍÅÔÒĳ 
v ÂÅÚÐÒÏÓÔĠÅÄÎþ ÂÌþÚËÏÓÔÉ ÏÂéÁÎĳȢ 4ÙÔÏ éÜÓÔÉÃÅȟ ÄÅËÌÁÒÏÖÁÎï ÊÁËÏ ÒÁËÏÖÉÎÏÔÖÏÒÎïȟ ÍÁÊþ 
ÖÙÓÏËÏÕ ÐÒÁÖÄñÐÏÄÏÂÎÏÓÔ ÚÜÃÈÙÔÕ Ö ÐÌÉÃÎþÃÈ ÓËÌþÐÃþÃÈ Á ÍÁÊþ ÓÃÈÏÐÎÏÓÔ ÐÒÏÎÉËÁÔ 
ÂÕÎñéÎÏÕ ÍÅÍÂÒÜÎÏÕ ÄÏ ËÒÅÖÎþÈÏ ÏÂñÈÕȢ 0ÏÂÙÔ Ö ÂÌþÚËÏÓÔÉ ÆÒÅËÖÅÎÔÏÖÁÎĻÃÈ ÓÉÌÎÉÃ ÂÙÌ 
spojen s ÖÙĤĤþÍ ÒÉÚÉËÅÍ ĤÉÒÏËï ĠÁÄÙ ÏÎÅÍÏÃÎñÎþȟ Á ÏÄÈÁÄÏÖÁÎĻ ÐÏéÅÔ ÐĠÅÄéÁÓÎĻÃÈ 
ĭÍÒÔþ ĠÜÄÏÖñ ÐĠÅÓÁÈÕÊÅ ÐÏéÅÔ ÏÂñÔþ ÄÏÐÒÁÖÎþÃÈ ÎÅÈÏÄ Ö I2 É Ö EU. Tyto informace jsou 
ÓÈÒÎÕÔÙ ÖÅ ɉ£ÔÏÌÃÐÁÒÔÏÖÜ ÅÔ ÁÌȢȟ ςπρυɊȟ ÓÐÏÌÕ Ó ÖĻÓÌÅÄËÙ ÍÏÂÉÌÎþÃÈ ÍñĠÅÎþȟ ËÔÅÒï 
ÐÏÕËÁÚÕÊþ ÎÁ ÔÏȟ ĿÅ ÓÐÁÌÏÖÁÃþ ÍÏÔÏÒÙ ÊÓÏÕ ÚÄÒÏÊÅÍ ÖñÔĤÉÎÙ éÜÓÔÉÃ ÎÁÃÈÜÚÅÊþÃþÃÈ ÓÅ ÎÁ 
ÕÌÉÃþÃÈ ÖÅ ÖĻĤÃÅȟ ÖÅ ËÔÅÒï ÄĻÃÈÜÍÅȢ 
#þÌÅÍ ÔïÔÏ ÐÒÜÃÅ ÊÅ ÏÄÈÁÄÎÏÕÔ ÄÏÐÁÄ ÚÍñÎÙ Ö ÄÏÐÒÁÖÎþÍ ÐÌÜÎÏÖÜÎþȟ Ö tomto 

ÐĠþÐÁÄñ ÄÏéÁÓÎïÈÏ ÕÚÁÖĠÅÎþ .ÜÒÏÄÎþ ÔĠþÄÙ Ö centru Prahy pro motorizovanou dopravu, 
ÎÁ ËÏÎÃÅÎÔÒÁÃÅ ÖÅÌÍÉ ÊÅÍÎĻÃÈ éÜÓÔÉÃ Ö ÏÖÚÄÕĤþȢ 

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

 
-ñĠÅÎþ ÐÒÏÂñÈÌÁ ÖÅ ÓÔĠÅÄÕ ςρȢωȢςπρφ ÚÁ ÎÏÒÍÜÌÎþÈÏ ÐÒÏÖÏÚÕ Á ÖÅ éÔÖÒÔÅË ς2.9.2016 

ÂñÈÅÍ ÁËÃÅ IÉÓÔÏÕ ÓÔÏÐÏÕ 0ÒÁÈÏÕȟ ÐĠÉ ËÔÅÒï ÂÙÌÁ Ö Õ ÐĠþÌÅĿÉÔÏÓÔÉ -ÅÚÉÎÜÒÏÄÎþÈÏ ÄÎÅ ÂÅÚ 
ÁÕÔ .ÜÒÏÄÎþ ÔĠþÄÁ ÕÚÁÖĠÅÎÁ ÐÒÏ ÁÕÔÏÍÏÂÉÌÏÖÏÕ ÄÏÐÒÁÖÕȢ 6ÅÌÉËÏÓÔÎþ ÄÉÓÔÒÉÂÕÃÅ éÜÓÔÉÃ ÂÙÌÙ 
ÍñĠÅÎÙ ËÌÁÓÉÆÉËÜÔÏÒÅÍ ÐÒÁÃÕÊþÃþÍ ÎÁ ÂÜÚÉ ÅÌÅËÔÒÉÃËï ÍÏÂÉÌÉÔÙ ɉσς ËÁÔÅÇÏÒÉþ ÏÄ υ ÄÏ υφπ 
ÎÍȟ %ÎÇÉÎÅ %ØÈÁÕÓÔ 0ÁÒÔÉÃÌÅ 3ÉÚÅÒȟ 43)Ɋȟ ËÔÅÒĻ ÂÙÌ ÕÍþÓÔñÎ ÎÁ .ÜÒÏÄÎþ ÔĠþÄñ ÃÃÁ υπ Í 
ÖĻÃÈÏÄÎñ ÏÄ ÓÔĠÅÄÕ ËĠÉĿÏÖÁÔËÙ ÓÅ 3ÐÜÌÅÎÏÕ ÕÌÉÃþȟ ÖÅ ÓÔĠÅÄÕ Ö ÚÁÐÁÒËÏÖÁÎïÍ ÁÕÔÏÍÏÂÉÌÕȟ 
ÖÅ éÔÖÒÔÅË Õ ÐÏÄÉÁȢ #ÅÌËÏÖĻ ÐÏéÅÔ Á ÓÔĠÅÄÎþ ÖÅÌÉËÏÓÔ éÜÓÔÉÃ ÂÙÌÙ ÍñĠÅÎÙ ÐĠÅÎÏÓÎĻÍ 
ÁÎÁÌÙÚÜÔÏÒÅÍ $ÉÓÃ-ÉÎÉ ɉ4ÅÓÔÏ !'Ɋȟ ÖÅ ËÔÅÒïÍ éÜÓÔÉÃÅ ÚþÓËÜÖÁÊþ ÕÎÉÐÏÌÜÒÎþ ÎÜÂÏÊȟ ËÔÅÒĻ ÊÅ 
ÎÜÓÌÅÄÎñ ÄÅÔÅËÏÖÜÎ ÄÖñÍÁ ÅÌÅËÔÒÏÍÅÔÒÙȢ 0ĠþÓÔÒÏÊ ÂÙÌ ÐĠÅÎÜĤÅÎ ÒÕéÎñ ÖÅ ÖĻĤÃÅ ÃÃÁ ρȟς Í 
spolu s '03 ɉÅ4ÒÅØȟ 'ÁÒÍÉÎɊ ÐÒÏ ÚÜÚÎÁÍ ÏËÁÍĿÉÔï ÐÏÌÏÈÙ ÐÏ ÔÒÁÓÅ ÚÁÈÒÎÕÊþÃþ .ÜÒÏÄÎþ 
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ÔĠþÄÕȟ 3ÍÅÔÁÎÏÖÏ ÎÜÂĠÅĿþ ɉÓÉÌÎĻ ÐÒÏÖÏÚ ÁÕÔÏÍÏÂÉÌĳ ÏÂÁ ÄÎÙɊ Á +ÁÒÌĳÖ ÍÏÓÔ ɉÐÏÕÚÅ ÐñĤþ Á 
ÎÅÍÏÔÏÒÉÚÏÖÁÎÜ ÄÏÐÒÁÖÁɊȢ 

 
6¸3,%$+9ȟ $)3+53%ȟ :<6Q29 

 
#ÅÌËÏÖï ËÏÎÃÅÎÔÒÁÃÅ éÜÓÔÉÃ ÍñĠÅÎï ËÌÁÓÉÆÉËÜÔÏÒÅÍ ÊÓÏÕ ÖÙÎÅÓÅÎï Ö éÁÓÅ ÎÁ ÏÂÒȢ ρȢ 

:ÄÅ ÌÚÅ ÐÏÚÏÒÏÖÁÔ ËÒÜÔËï ÅÐÉÚÏÄÙ Ó ËÏÎÃÅÎÔÒÁÃÅÍÉ ÁĿ Ï ÄÖÁ ĠÜÄÙ ÐĠÅÖÙĤÕÊþÃþ ÍÅÄÉÜÎȟ 
ËÔÅÒï ÌÚÅ ÐĠÉéþÓÔ ÂÌþÚËÏÓÔÉ ÚÄÒÏÊÅȟ ÖÅ ÓÔĠÅÄÕ ÊÅÄÎÏÔÌÉÖĻÍ ÐÒÏÊþĿÄñÊþÃþÍ ÍÏÔÏÒÏÖĻÍ 
ÖÏÚÉÄÌĳÍȟ ÖÅ éÔÖÒÔÅË ÐÁË ËÕĠÜËĳÍȢ £ÐÉéËÏÖï É ÃÅÌËÏÖï ËÏÎÃÅÎÔÒÁÃÅ ÂÙÌÙ ÖÅ éÔÖÒÔÅË 
ÖĻÒÁÚÎñ ÎÉĿĤþȢ 0ÒĳÍñÒÎÜ ÖÅÌÉËÏÓÔÎþ ÓÐÅËÔÒÁ ÚÁ ÃÅÌĻ ÄÅÎ ÊÓÏÕ ÖÙÎÅÓÅÎÁ ÎÁ ÏÂÒȢ ςȟ ÖÅ ÓÔĠÅÄÕ 
ÊÅ ÐÁÔÒÎĻ ÖÅÌËĻ ÐĠþÓÐñÖÅË ÎÕËÌÅÁéÎþÈÏ ÍĕÄÕ ËÏÌÅÍ ρπ ÎÍȟ ÔÙÐÉÃËïÈÏ ÐÒÏ ÐÒÉÍÜÒÎþ 
éÜÓÔÉÃÅ ÚÅ ÓÐÁÌÏÖÁÃþÃÈ ÍÏÔÏÒĳȟ ËÔÅÒĻ ÖÅ éÔÖÒÔÅË ÁÂÓÅÎÔÕÊÅȢ 5 ÖñÔĤþÃÈ éÜÓÔÉÃ ÓÅ ÒÏÚÄþÌÙ 
ÍÅÚÉ ÓÔĠÅÄÏÕ Á éÔÖÒÔËÅÍ ÓÎÉĿÕÊþ. 
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/ÂÒȢ ρȡ #ÅÌËÏÖï ËÏÎÃÅÎÔÒÁÃÅ ÎÁÍñĠÅÎï ËÌÁÓÉÆÉËÜÔÏÒÅÍ %%03 ÎÁ .ÜÒÏÄÎþ ÔĠþÄñ 
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/ÂÒȢ ςȡ 0ÒĳÍñÒÎÜ ÖÅÌÉËÏÓÔÎþ ÄÉÓÔÒÉÂÕÃÅ éÜÓÔÉÃ ÎÁ .ÜÒÏÄÎþ ÔĠþÄñ 

 
#ÅÌËÏÖï ÐÏéÔÙ éÜÓÔÉÃ ÍñĠÅÎï ÐĠÅÎÏÓÎĻÍ ÐĠþÓÔÒÏÊÅÍ $ÉÓÃ-ÉÎÉ ÊÓÏÕ ÖÙÎÅÓÅÎÙ ÎÁ ÏÂÒȢ 

σ ÎÁ éÁÓÏÖï ÏÓÅ Á ÇÒÁÆÉÃËÙ ÚÎÜÚÏÒÎñÎÙ ÊÁËÏ ÐÒĳÍñÒÎï ËÏÎÃÅÎÔÒÁÃÅ ɉÐÒĳÍñÒÎÜ ÄïÌËÁ 
intervalu 25 s) v ÚÜÖÉÓÌÏÓÔÉ ÎÁ ÐÏÌÏÚÅ ÎÁ ÏÂÒȢ τȢ 0ĠþÔÏÍÎÏÓÔ ÁÕÔÏÍÏÂÉÌĳ ÎÁ .ÜÒÏÄÎþ ÔĠþÄñ 
ÖÅ ÓÔĠÅÄÕ Á ÎÁ 3ÍÅÔÁÎÏÖñ ÎÜÂĠÅĿþ Ö ÏÂÁ ÄÎÙ ÓÅ ÐÒÏÊÅÖÉÌÁ ÎÅÒÏÖÎÏÍñÒÎĻÍÉ ÖĻËÙÖÙ 
v ÐÏÌÏÚÅ É éÁÓÅȟ ËÔÅÒï ÂÙÌÙ ÐĠÉ ÁÂÓÅÎÃÉ ÁÕÔÏÍÏÂÉÌĳ ÖÅ éÔÖÒÔÅË ÎÁ .ÜÒÏÄÎþ ÔĠþÄñ Á ÎÁ 
+ÁÒÌÏÖñ ÍÏÓÔñ ÓÐþĤÅ ÓÐÏÒÁÄÉÃËïȟ ÖÙÓÏËï ĤÐÉéËÏÖï ÈÏÄÎÏÔÙ ÊÓÏÕ ÚÄÅ ÐĠÉéþÔÜÎÙ ËÕĠÜËĳÍȢ 
2ÏÚÄþÌ ȵÍþÓÔÎþÈÏ ÐÏÚÁÄþȰȟ ÔÊȢ ÚÜËÌÁÄÎþ ÌÉÎÉÅ ËĠÉÖËÙ ËÏÎÃÅÎÔÒÁÃþ ÐĠÉ ÐÏÍÙÓÌÎï ÁÂÓÅÎÃÉ 

ÓÐÉéËÏÖĻÃÈ ÈÏÄÎÏÔȟ ÊÅ ÐÁÔÒÎĻ ÖÅ ÖĤÅÃÈ ĭÓÅÃþÃÈȟ É ÎÁ +ÁÒÌÏÖñ ÍÏÓÔñȟ Á ÖÙÐÏÖþÄÜ Ï 
ÏÄÌÉĤÎĻÃÈ ÐÏÚÁìÏÖĻÃÈ ËÏÎÃÅÎÔÒÁÃþÃÈ ÖÅ ÓÔĠÅÄÕ Á ÖÅ éÔÖÒÔÅËȢ 4Ù ÊÓÏÕ ÖÙÎÅÓÅÎÙ ÊÁËÏ ÐÒÖÎþ 
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decil ɉÈÏÄÎÏÔÙȟ ËÔÅÒÜ ÎÅÎþ ÖÙĤĤþ ÎÅĿ ρπϷ Á ÎÅÎþ ÎÉĿĤþ ÎÅĿ ωπϷ ÎÁÍñĠÅÎĻÃÈ ËÏÎÃÅÎÔÒÁÃþɊ 
v ÐÌÏÖÏÕÃþÍ ÏËÎñ ÈÏÄÉÎÏÖï ÄïÌËÙȟ ÓÐÏÌÕ Ó ÐÒĳÍñÒÎĻÍÉ ËÏÎÃÅÎÔÒÁÃÅÍÉȟ ÎÁ ÏÂÒȢ υȢ 4ÁÍÔïĿ 
ÊÓÏÕ ÐÒÏ ÐÏÒÏÖÎÜÎþ ÖÙÎÅÓÅÎÙ É ÐÒĳÍñÒÎï ËÏÎÃÅÎÔÒÁÃÅ ÎÁ +ÁÒÌÏÖñ ÍÏÓÔñȟ ËÏÎÃÅÎÔÒÁÃÅ 
z ÍñÓÔÓËï ÐÏÚÁìÏÖï ÓÔÁÎÉÃÅ 0ÒÁÈÁ-3ÕÃÈÄÏÌȟ Á ÈÍÏÔÎÏÓÔÎþ ËÏÎÃÅÎÔÒÁÃÅ Ú ÍÏÎÉÔÏÒÏÖÁÃþ 
ÓÔÁÎÉÃÅ ÎÁ ÎÜÍñÓÔþ 2ÅÐÕÂÌÉËÙȢ 
4ÒÅÎÄÙ Õ ÏÂÏÕ ÒÅÆÅÒÅÎéÎþÃÈ ÓÔÁÎÉÃ ÎÅÊÓÏÕ ÓÈÏÄÎïȟ ÎÁÐĠþËÌÁÄ ÎÁ ÎÜÍñÓÔþ 2ÅÐÕÂÌÉËÙ 

ÂÙÌÙ ÖÅ éÔÖÒÔÅË ÎÉĿĤþ ÈÍÏÔÎÏÓÔÎþ ËÏÎÃÅÎÔÒÁÃÅ ËÏÌÅÍ ρς-ρσ Èȟ ÚÁÔþÍÃÏ ÎÁ 3ÕÃÈÄÏÌÅ ÂÙÌÙ 
v ÔÕÔÏ ÄÏÂÕ ÃÅÌËÏÖï ÐÏéÔÙ ÓÒÏÖÎÁÔÅÌÎïȢ 6ĤÅÃÈÎÙ ÓÏÕÂÏÒÙ ÄÁÔ ÓÐþĤÅ ÎÁÐÏÖþÄÁÊþ Ï ÔÏÍȟ ĿÅ 
ȵÐÏÚÁìÏÖïȰ ËÏÎÃÅÎÔÒÁÃÅ éÜÓÔÉÃ ÂÙÌÙ ÖÅ éÔÖÒÔÅË ÏÂÅÃÎñ ÎÉĿĤþȢ 0ÏÒÏÖÎÜÍÅ-ÌÉ ÖĤÁË ÚÊÅÖÎĻ 
ÐĠþÓÐñÖÅË ÉÎÄÉÖÉÄÕÜÌÎþÃÈ ÚÄÒÏÊĳȟ ÖÙÊÜÄĠÅÎĻ ÊÁËÏ ÒÏÚÄþÌ ÍÅÚÉ ÐÒĳÍñÒÅÍ Á ÐÒÖÎþÍ ÄÅÃÉÌÅÍ 
v ËÁĿÄï ÈÏÄÉÎñ ÍñĠÅÎþȟ Ó ÒÏÚÄþÌÙ ÍÅÚÉ ÏÂñÍÁ ÄÎÙ ÎÁ +ÁÒÌÏÖñ ÍÏÓÔñ Á ÎÁ ÓÔÁÎÉÃÉ 0ÒÁÈÁ-
3ÕÃÈÄÏÌȟ ÊÅ ÚĠÅÊÍïȟ ĿÅ ÔÅÎÔÏ ÐĠþÓÐñÖÅË ÖĻÒÁÚÎñ ÐĠÅÖÙĤÕÊÅ ÖÌÉÖÙ ÒÏÚÄþÌÎĻÃÈ ÐÏÚÁÄÏÖĻÃÈ 
ËÏÎÃÅÎÔÒÁÃþȢ 
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/ÂÒȢ σȡ +ÏÎÃÅÎÔÒÁÃÅ éÜÓÔÉÃ ÎÁÍñĠÅÎï ÐĠÅÎÏÓÎĻÍ ÐĠþÓÔÒÏÊÅÍ $ÉÓÃ-ÉÎÉ ÎÁ .ÜÒÏÄÎþ ÔĠþÄñȟ 

ÎÁ 3ÍÅÔÁÎÏÖñ ÎÜÂĠÅĿþ ɉÏÂÁ ÄÎÙ Ó ÁÕÔÙɊ Á ÎÁ +ÁÒÌÏÖñ ÍÏÓÔñ ɉÏÂÁ ÄÎÙ ÂÅÚ ÁÕÔɊ 
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ÓÔĠÅÄÁ Ó ÁÕÔÙ
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/ÂÒȢ τȡ 0ÏéÅÔÎþ ËÏÎÃÅÎÔÒÁÃÅ éÜÓÔÉÃ ɉΠȾÃÍσɊ ÎÁ +ÁÒÌÏÖñ ÍÏÓÔñ ɉÖÌÅÖÏɊȟ 3ÍÅÔÁÎÏÖñ 
ÎÜÂĠÅĿþ ɉÓÖÉÓÌÅɊȟ .ÜÒÏÄÎþ ÔĠþÄñȟ Á Õ ÓÔÜÎËĳ Ó ÕÚÅÎÉÎÁÍÉ ÎÁ -ĳÓÔËÕ ɉÖÐÒÁÖÏɊ 
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/ÂÒȢ υȡ (ÏÄÉÎÏÖï ÐÒĳÍñÒÎï ËÏÎÃÅÎÔÒÁÃÅ Á ÐÒÖÎþ ÄÅÃÉÌ ËÏÎÃÅÎÔÒÁÃþ ÎÁ .ÜÒÏÄÎþ ÔĠþÄñ 
ÐÏÒÏÖÎÁÎï Ó ËÏÎÃÅÎÔÒÁÃÅÍÉ ÎÁ +ÁÒÌÏÖñ ÍÏÓÔñȟ ÎÜÍȢ 2ÅÐÕÂÌÉËÙ Á ÓÔÁÎÉÃÉ 0ÒÁÈÁ-Suchdol. 

 
#ÈÁÒÁËÔÅÒÉÓÔÉËÁ ÍÏÂÉÌÎþÃÈ ÚÄÒÏÊĳȟ ËÄÙ ÖñÔĤÉÎÁ ÅÍÉÓþ ÄÁÎïÈÏ ÖÏÚÕ ÐÏÃÈÜÚþ Ú ÒÅÌÁÔÉÖÎñ 

ËÒÜÔËĻÃÈ ÅÐÉÚÏÄ Ó ÖÙÓÏËĻÍÉ ÅÍÉÓÅÍÉ Á ÖñÔĤÉÎÁ ÅÍÉÓþ éÜÓÔÉÃ ÖÏÚÏÖïÈÏ ÐÁÒËÕ Ú  ÒÅÌÁÔÉÖÎñ 
ÍÁÌïÈÏ ÐÏÄþÌÕ ÖÏÚÉÄÅÌȟ ÓÅ ÐÒÏÍþÔÜ É ÄÏ ÚÎÁéÎï ÖÁÒÉÁÂÉÌÉÔÙ ËÏÎÃÅÎÔÒÁÃþ Ö éÁÓÅ Á ÍþÓÔñȟ ËÅ 
ËÔÅÒï ÓÅ ÐĠÉéþÔÁÊþ ÄÁÌĤþ ȵÂñĿÎïȰ ÖÌÉÖÙ ÊÁËÏ ÍÅÔÅÏÒÏÌÏÇÉÃËï ÐÏÄÍþÎËÙ Á ÍþÓÔÎñ ÓÐÅÃÉÆÉÃËÜ 
geometrie. Z ÔÏÈÏÔÏ ÄĳÖÏÄÕ ÊÅ ÐĠÅÓÎñÊĤþ ÖÙéþÓÌÅÎþ Áĩ ÊÉĿ ÃÅÌËÏÖĻÃÈ ËÏÎÃÅÎÔÒÁÃþȟ ÎÅÂÏ É 
ÚÍñÎÙ Ö ËÏÎÃÅÔÒÁÃþÃÈȟ Ó ÏÍÅÚÅÎĻÍ ÍÎÏĿÓÔÖþÍ ÄÁÔ ÏÂÔþĿÎïȟ ÎÅ-ÌÉ ÎÅÍÏĿÎïȢ 
) ÐĠÅÓÔÏ ÊÅ ÍÏĿÎï ËÏÎÓÔÁÔÏÖÁÔȟ ĿÅ ÕÚÁÖĠÅÎþ .ÜÒÏÄÎþ ÔĠþÄÙ ÐÒÏ ÁÕÔÏÍÏÂÉÌÏÖÏÕ 

ÄÏÐÒÁÖÕ ÐĠÉÎÅÓÌÏ ÖĻÒÁÚÎï ɉÎÅÌÚÅ ÕÒéÉÔ ÐĠÅÓÎñȟ ÐÒÁÖÄñÐÏÄÏÂÎñ ÍÅÚÉ υπ Á χυϷɊ ÓÎþĿÅÎþ 
ÐÏéÔÕ éÜÓÔÉÃȟ ÚÅÊÍïÎÁ ÎÁÎÏéÜÓÔÉÃȟ ÎÁ .ÜÒÏÄÎþ ÔĠþÄñȢ 

 
0/$Q+/6<. ̂

 
!ÕÔÏÒ ÄñËÕÊÅ ,ÕËÜĤÏÖÉ %ÒĤÉÌÏÖÉ ÚÁ ÍÏÔÉÖÁÃÉ Á ÚÁÊÉĤÔñÎþ ÍñĠÅÎþȟ -ÉÒÏÓÌÁÖÕ -ÏÃÏÖÉ Á 

Martinovi Dragounovi z ÆÉÒÍÙ 4ÅÓÔÏ ɉ0ÒÁÈÁȟ #:Ɋ ÚÁ ÚÁÐĳÊéÅÎþ Á ÏÂÓÌÕÈÕ ÁÎÁÌÙÚÜÔÏÒÕ 
$ÉÓÃ-ÉÎÉȟ *ÁËÕÂÏÖÉ /ÎÄÒÜéËÏÖÉ Ú ªÓÔÁÖÕ ÃÈÅÍÉÃËĻÃÈ ÐÒÏÃÅÓĳ !6 I2 ÚÁ ÐÏÓËÙÔÎÕÔþ ÄÁÔ 
z ÍñĠÉÃþ ÓÔÁÎÉÃÅ Ö Praze-3ÕÃÈÄÏÌÅȟ *ÁÎÕ £ÉÌÈÁÖïÍÕ Ú IÅÓËïÈÏ ÈÙÄÒÏÍÅÔÅÏÒÏÌÏÇÉÃËïÈÏ 
ĭÓÔÁÖÕ ÚÁ ÐÏÓËÙÔÎÕÔþ ÄÁÔ Ú ÍñĠÉÃþ ÓÔÁÎÉÃÅ ÎÁ ÎÜÍñÓÔþ 2ÅÐÕÂÌÉËÙ Ö 0ÒÁÚÅȟ 6þÔÕ "ÅÒÜÎËÏÖÉ 
z I654 ÚÁ ÁÓÉÓÔÅÎÃÉȟ Á ÐÒÏÊÅËÔÕ -£-4 .05 ,/ρσρρ ÚÁ ÆÉÎÁÎÃÏÖÜÎþ ÐÒÏÖÏÚÕ %%03Ȣ 
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2ÏÍÁÎ ,)I").3+¸1ȟ *ÉÔËÁ (%'2/6<1, Stefan TANDA2, Walter GOESSLER2 
 

1 #ÅÎÔÒÕÍ ÄÏÐÒÁÖÎþÈÏ ÖĻÚËÕÍÕȟ ÖȢÖȢÉȢ "ÒÎÏȟ IÅÓËÜ ÒÅÐÕÂÌÉËÁȟ roman.licbinsky@cdv.cz 
2 Karl-&ÒÁÎÚÅÎÓ 5ÎÉÖÅÒÓÉÔßÔȟ Graz, Austria, stefan.tanda@uni-graz.at 

 
+ÌþéÏÖÜ ÓÌÏÖÁȡ 6ÚÄÕĤÎï ÎÁÎÏéÜÓÔÉÃÅȟ $ÉÓÔÒÉÂÕÃÅ ÐÒÖËĳȟ 0ÅÖÎï éÜÓÔÉÃÅȟ %,0)Ϲ 

 
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 
0ÒÅÓÓÕÒÅ )ÍÐÁÃÔÏÒ %,0)ϹΆ ɉ$ÅËÁÔÉ ,ÔÄȢȟ &ÉÎÌÁÎÄɊ ÁÎÄ ÓÉÍÕÌÔÁÎÅÏÕÓÌÙ ɉÎÁÎÏɊÐÁÒÔÉÃÌÅ 
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.  

 
ª6/$ 

 
*ÅÍÎÜ ÆÒÁËÃÅ éÜÓÔÉÃ Á ÕÌÔÒÁÊÅÍÎï éÜÓÔÉÃÅ éÉ ÎÁÎÏéÜÓÔÉÃÅ ÊÓÏÕ ÐĠÅÄÍñÔÅÍ ĠÁÄÙ 

ÅÎÖÉÒÏÎÍÅÎÔÜÌÎþÃÈ ÓÔÕÄÉþ ɉ3ÁÎÄÅÒÓÏÎ ÅÔ ÁÌȢȟ ςπρτɊȟ ÊÅÌÉËÏĿ ÊÓÏÕ ÐÏÖÁĿÏÖÜÎÙ ÚÁ 
ÎÅÊÎÅÂÅÚÐÅéÎñÊĤþ ÐÒÏ ĿÉÖÏÔÎþ ÐÒÏÓÔĠÅÄþ Á ÚÄÒÁÖþ éÌÏÖñËÁ ɉ/ÂÅÒÄĘÒÓÔÅÒ ÅÔ ÁÌȢȟ ςππυȟ 
"ÁËÁÎÄ ÅÔ ÁÌȢȟ ςπρςɊȢ .ÅÊÖĻÚÎÁÍÎñÊĤþÍ ÚÄÒÏÊÅÍ ÎÁÎÏéÜÓÔÉÃ ÊÓÏÕ ÓÐÁÌÏÖÁÃþ ÐÒÏÃÅÓy 
ÚÁÈÒÎÕÊþÃþ ÐÒĳÍÙÓÌÏÖï Á ÄÏÐÒÁÖÎþ ÅÍÉÓÅȢ 0ÏËÒÏË Ö ÔÅÃÈÎÏÌÏÇÉþÃÈ ÓÐÁÌÏÖÁÃþÃÈ ÍÏÔÏÒĳ 
ÖÅÄÌ Ë ÄÏËÏÎÁÌÅÊĤþÍÕ ÓÐÁÌÏÖÜÎþ ÐÁÌÉÖÁȟ ÁÌÅ ÓÏÕéÁÓÎñ ÖĻÚÎÁÍÎñ ÐÏËÌÅÓÌÁ ÖÅÌÉËÏÓÔ 
ÐÒÏÄÕËÏÖÁÎĻÃÈ éÜÓÔÉÃ ÖÅ ÖĻÆÕËÏÖĻÃÈ ÐÌÙÎÅÃÈ Ú ÍÉËÒÏÍÅÔÒÏÖĻÃÈ ÄÏ ÎÁÎÏÍÅÔÒÏÖĻÃÈ 
ÒÏÚÍñÒĳ ɉ-ÏÒÁ×ÓËa et al., 2009). 

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

 
0ÉÌÏÔÎþ ÓÔÕÄÉÅ ÚÁ ĭéÅÌÅÍ ÄÅÔÁÉÌÎþ ÃÈÁÒÁËÔÅÒÉÚÁÃÅ ɉÎÁÎÏɊéÜÓÔÉÃ ÐÏÃÈÜÚÅÊþÃþÃÈ Ú 

ÄÏÐÒÁÖÙ ÂÙÌÁ ÒÅÁÌÉÚÏÖÜÎÁ Ö ÐÒÏÓÔÏÒÜÃÈ ÐÏÄÚÅÍÎþ ÇÁÒÜĿÅ #ÅÎÔÒÁ ÄÏÐÒÁÖÎþÈÏ ÖĻÚËÕÍÕ 
ÖȢÖȢÉȢ -ñĠÅÎþ ÃÈÁÒÁËÔÅÒÉÓÔÉË ɉÎÁÎÏɊéÜÓÔÉÃ ÖéȢ ÏÄÂñÒĳ ÖÚÏÒËĳ ÂÙÌ ÒÅÁÌÉÚÏÖÜÎ ÅÌÅËÔÒÉÃËĻÍ 
ÎþÚËÏÔÌÁËĻÍ ÉÍÐÁËÔÏÒÅÍ ɉ%ÌÅÃÔÒÉÃÁÌ ,Ï× 0ÒÅÓÓÕÒÅ )ÍÐÁÃÔÏÒ %,0)ϹΆ ȟ $ÅËÁÔÉ ,ÔÄȢ 
&ÉÎÌÁÎÄɊ ÖÅÌÉËÏÓÔÎñ ÓÅÌÅËÔÕÊþÃþ éÜÓÔÉÃÅ Ö ÒÏÚÓÁÈÕ φ-ρπȟπππ ÎÍ ÄÏ ρτ ÖÅÌÉËÏÓÔÎþÃÈ ÆÒÁËÃþȢ 
-ñĠÅÎÁ ÂÙÌÁ ÖÅÌÉËÏÓÔÎþ ÄÉÓÔÒÉÂÕÃÅ éÜÓÔÉÃ Ö ÒÅÜÌÎïÍ éÁÓÅȟ ËÏÎÃÅÎÔÒÁÃÅ ɉÎÁÎÏɊéÜÓÔÉÃ Ö 
ÊÅÄÎÏÔÌÉÖĻÃÈ ÖÅÌÉËÏÓÔÎþÃÈ ÆÒÁËÃþÃÈ Á ÓÏÕéÁÓÎñ ÐÒÏÂþÈÁÌ ÏÄÂñÒ ÖÚÏÒËĳ ÖÅÌÉËÏÓÔÎñ 
ÓÅÌÅËÔÏÖÁÎĻÃÈ ɉÎÁÎÏɊéÜÓÔÉÃȢ ɉ.ÁÎÏɊéÜÓÔÉÃÅ ÂÙÌÙ ÚÁÃÈÙÔÜÖÜÎÙ ÎÁ ÓÐÅÃÉÜÌÎþ 
ÐÏÌÙËÁÒÂÏÎÜÔÏÖï ÍÅÍÂÒÜÎÙ 7ÈÁÔÍÁÎ΅ ÐÒÏ ÎÜÓÌÅÄÎÏÕ ÃÈÅÍÉÃËÏÕ ÁÎÁÌĻÚÕȢ :Á ĭéÅÌÅÍ 
ÓÔÁÎÏÖÅÎþ ÏÂÓÁÈĳ ÐÒÖËĳ ÂÙÌÙ ɉÎÁÎÏɊéÜÓÔÉÃÅ ÚÁÃÈÙÃÅÎï ÎÁ ÆÉÌÔÒÅÃÈ ÒÏÚÌÏĿÅÎÙ Ö 
ÕÚÁÖĠÅÎĻÃÈ ËĠÅÍÅÎÎĻÃÈ ÎÜÄÏÂÜÃÈ Ó ÐÏÕĿÉÔþÍ ÍÉËÒÏÖÌÎÎïÈÏ ÒÏÚËÌÁÄÎïÈÏ ÚÁĠþÚÅÎþ 
ÕÌÔÒÁ#ÌÁÖÅ)))΅ ɉ%-,3 'ÍÂ(ȟ ,ÅÕÔËÉÒÃÈȟ 'ÅÒÍÁÎÙɊ Ö ÌÁÂÏÒÁÔÏĠþÃÈ Karl-Franzens 
5ÎÉÖÅÒÓÉÔßÔ Ö 'ÒÁÚÕ ÖÅ ÓÍñÓÉ ÕÌÔÒÁéÉÓÔĻch kyselin (HCl a HNO3Ɋ ÚÁ ÖÙÓÏËĻÃÈ ÔÅÐÌÏÔ Á 
ÔÌÁËĳȢ 2ÏÚÌÏĿÅÎï ÖÚÏÒËÙ ÂÙÌÙ ÁÎÁÌÙÚÏÖÜÎÙ ÐĠþÓÔÒÏÊÅÍ ÎÁ ÐÒÉÎÃÉÐÕ ÉÎÄÕËéÎñ ÖÜÚÁÎïÈÏ 
ÐÌÁÚÍÁÔÕ Ó ÈÍÏÔÎÏÓÔÎþÍ ÄÅÔÅËÔÏÒÅÍȟ ËÏÎËÒïÔÎñ ψψππ )#0-MS Triple Quad (Agilent 
Technologies, Japan). 
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6¸3,%$+9ȟ $)3+53%ȟ :<6Q29 
 
PÏéÅÔÎþ ËÏÎÃÅÎÔÒÁÃÅ éÜÓÔÉÃ ÎÁÍñĠÅÎï Ö ÐÒÏÓÔĠÅÄþ ÐÏÄÚÅÍÎþ ÇÁÒÜĿÅ ÖÙËÁÚÕÊþ ÄÖñ 

maxima v ÒÜÍÃÉ ÄÎÅ ÒÅÓÐȢ ςτ ÈÏÄÉÎȟ ËÔÅÒÜ ÖÅÌÍÉ ÐĠÅÓÎñ ÏÄÒÜĿþ ÐÏÈÙÂ ÖÏÚÉÄÅÌ Ö ÔñÃÈÔÏ 
ÐÒÏÓÔÏÒÜÃÈȢ 0ÒÖÎþ ÚÖĻĤÅÎþ ÐÏéÅÔÎþÃÈ ËÏÎÃÅÎÔÒÁÃþ ÕÌÔÒÁÊÅÍÎĻÃÈ éÜÓÔÉÃ ÊÅ ÐÁÔÒÎï ÒÜÎÏ ÃÃÁȢ 
od 6:30 ÄÏ ωȡππȟ ËÄÙ ÚÁÍñÓÔÎÁÎÃÉ ÐĠÉÊþĿÄþ ÄÏ ÐÒÜÃÅȢ $ÒÕÈï ÍÁØÉÍÕÍ ÊÅ ÐÁÔÒÎï Ö ÒÏÚÍÅÚþ 
ÍÅÚÉ ρφȡσπ Á ρωȡππȟ ËÄÙ ÄÏÓÁÈÕÊþ ÈÏÄÎÏÔÙ ÁĿ ËÅ ρτ πππ éÜÓÔÉÃ ÎÁ ÃÍ-3ȟ ËÄÙ ÚÁÍñÓÔÎÁÎÃÉ 
ÏÐÏÕĤÔþ ÐÒÁÃÏÖÉĤÔñȢ .ÜÓÌÅÄÎï ÃÈÅÍÉÃËï ÁÎÁÌĻÚÙ ÊÅÄÎÏÔÌÉÖĻÃÈ ÖÅÌÉËÏÓÔÎþÃÈ ÆÒÁËÃþ 
ɉÎÁÎÏɊéÜÓÔÉÃ ÐÒÏËÜÚÁÌÙ ÒÏÚÄþÌÎï ÄÉÓÔÒÉÂÕÃÅ ÒĳÚÎĻÃÈ ÐÒÖËĳ Ö ÒÜÍÃÉ ÖÅÌÉËÏÓÔÎþÃÈ ÆÒÁËÃþ 
éÜÓÔÉÃȟ ËÔÅÒï ÉÎÄÉËÕÊþ ÐÒÁÖÄñÐÏÄÏÂÎñ ÒĳÚÎï ÚÄÒÏÊÅ ÔñÃÈÔÏ éÜÓÔÉÃ Ö ÐÒÏÓÔĠÅÄþ ÐÏÄÚÅÍÎþ 
ÇÁÒÜĿÅȟ ÚÁÈÒÎÕÊþÃþ ÓÐÁÌÏÖÁÃþ ÐÒÏÃÅÓÙȟ ÏÂÒÕÓ ÐÏÖÒÃÈÕ ÎÅÂÏ ÒĳÚÎĻÃÈ éÜþÓÔþ ÖÏÚÉÄÅÌȢ 

 

 
/ÂÒȢ ρȡ 0ĠþËÌÁÄ ÄÉÓÔÒÉÂÕÃÅ ÐÒÖËĳ ɉ#Áȟ #Òȟ #ÄɊ ÎÁ éÜÓÔÉÃþÃÈ Ö ÐÒÏÓÔĠÅÄþ ÐÏÄÚÅÍÎþ ÇÁÒÜĿÅȢ 

 
0/$Q+/6<.^ 

 
4ÅÎÔÏ éÌÜÎÅË ÂÙÌ ÖÙÔÖÏĠÅÎ ÚÁ ÆÉÎÁÎéÎþ ÐÏÄÐÏÒÙ -ÉÎÉÓÔÅÒÓÔÖÁ ĤËÏÌÓÔÖþȟ ÍÌÜÄÅĿÅ Á 

ÔñÌÏÖĻÃÈÏÖÙ Ö ÒÜÍÃÉ ÐÒÏÇÒÁÍÕ .ÜÒÏÄÎþ ÐÒÏÇÒÁÍ ÕÄÒĿÉÔÅÌÎÏÓÔÉ )ȟ ÐÒÏÊÅËÔÕ $ÏÐÒÁÖÎþ 6Á6 
ÃÅÎÔÒÕÍ ɉ,/ρφρπɊ ÎÁ ÖĻÚËÕÍÎï ÉÎÆÒÁÓÔÒÕËÔÕĠÅ ÐÏĠþÚÅÎï Ú /ÐÅÒÁéÎþÈÏ ÐÒÏÇÒÁÍÕ 
6ĻÚËÕÍ Á ÖĻÖÏÊ ÐÒÏ ÉÎÏÖÁÃÅ ɉ#:ȢρȢπυȾςȢρȢππȾπσȢππφτɊȢ 
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INTRODUCTION 

 
Particulates are the main pollutants of the troposphere, and one of its qualitative 

indicators is the mass concentration of PM10 (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 L [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 PM10 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 PM10. 
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 PM10 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 PM10 measured at background area, in the vicinity of the 
+ÏÔĕÒÚ -ÁčÙ ÖÉÌÌÁÇÅ ɉ0ÏÌÁÎÄȟ 50oτσȭυχȱ.Ƞ 18oπσȭωςȱ%Ƞ ρ 025 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 PM10 were measured just before atmospheric precipitation (C0) 
and after 0.5 h of duration (C1). 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 PM10 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 PM10 mass concentration after precipitation, series of 
linear models were created, in which, the explanatory variables were; the level of PM10 
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 ɀ 
experimental quintile plots. Normality of error term e was verified using Shapiro-Wilk 
ÔÅÓÔȢ !ÓÓÅÓÓÍÅÎÔ ÏÆ ÒÅÌÁÔÉÏÎ ÌÉÎÅÁÒÉÔÙ ×ÁÓ ÍÁÄÅ ×ÉÔÈ ȰÒÁÉÎÂÏ×ȱ ÁÎÄ Ȱ2%3%4ȱ ÔÅÓÔÓȢ 

 
RESULTS AND CONCLUSIONS 

 
The relationship between C0 and C1 was studied. Commonly, in estimation of 

washing effectiveness a C0/  C1 ratio was considered. Utilization of C0 and C1 proportion 
imposes a linear model of the relationship between concentrations. To verify whether 
concentrations proportion is appropriate in description, the relationship between C0 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 PM10 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 [mÇɇÍ-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), PM10 mass concentration before (C0) and after 0.5 h of 
precipitation ( C1) for observed types of hydrometeors (during measuring period). 

 

4 ɍЈ#Ɏ RH [%]  
R 

[mm/h]  
Ws 

[m/s]  
C0 
mg/m 3 

C1 
mg/m 3 

 
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 

SD 3.63 0.12 1.71 2.91 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 PM10 concentration in relation 

to the fall type and absolute humidity was proposed (1): 
 
 

,     (1)  
 

      
where, Wb ɀ ÁÂÓÏÌÕÔÅ ÈÕÍÉÄÉÔÙ ɍÍÇɇÍ-3], b1 ɀ slope of the line, S ɀ constant = 1 [mÇɇÍ-3], 
b0x - 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 ɉρȟτςɇρπ2 
ÆÏÒ ɉ+Ɋ ρȟρςɇρπ2 ÆÏÒ ɉ3Ɋ ÁÎÄ ρȟσψɇρπ2 for (W)) confirmed the significance of the linear 
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model. Simultaneously, corrected  R2; 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 PM10 values after liquid 
and solid short-term precipitation. 

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

Parameter  bg SEbx t  p-value 

b0K -2,850 0,099 -29 <2ɇρπ16 

b0WS -1,739 0,085 13 <2ɇρπ16 

b0W -2,281 0,038 15 <2ɇρπ16 

b1 1,031 0,036 29 <2ɇρπ16 

 
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 PM10. Variability b0 
reveals variable depending on the type of precipitation, and thus removal efficiency of 
PM10 by different types of precipitation. 

 

 
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. #ÏÏËȭÓ ÄÉÓÔÁÎÃÅÓ ÏÆ 
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. 

 



87 

 

   
Fig. 2: Q-1 ÐÌÏÔ ɉÌÅÆÔɊȟ #ÏÏËȭÓ ÄÉÓÔÁÎÃÅ ɉÍÉÄÄÌÅɊ ÁÎÄ ÒÅÓÉÄÕÁÌÓ ÖÓȢ ÆÉÔÔÅÄ ÖÁÌÕÅÓ ɉÒÉÇÈÔɊȢ 

 
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. 
 

 
           (2)  
 

 

 
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.min-1 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 ɀ 10 Аm, denoted B), upper 
accumulation (0.5 ɀ 1 Аm, denoted C) and lower accumulation (0.17 ɀ 0.5 Аm, 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 9th March to 10th 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. 
SÐÈÅÒÉÃÁÌ ÐÁÒÔÉÃÌÅÓ ×ÉÔÈ ÄÉÁÍÅÔÅÒ ς АÍ ÁÎÄ φσ0 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 
ɀ 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

" ɉρ Ȥ ρπ АÍɊ

$ ɉπȢρχ Ȥ πȢυ АÍɊ

# ɉπȢυ Ȥ ρ АÍɊ

% ɉЃ πȢρχ АÍɊ

Minerals - Ca-amphibol, klinopyroxene, quartz, calcite, biotite; high-

temperature produced iron-aluminosilicate spheres; ns-soot; metallic particles.

Carbonaceous particles; ns-soot; inorganic particles (calcium 

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).  
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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.  

 

 
Fig. 1: Fraction B ɀ EDX spectra of calcite with additional silicate minerals (Cu and partly 

Al are from background). 
 

 
Fig. 2: Fraction C (0.5 ɀ 1 Аm) ɀ EDX spectra of carbonaceous sphere with diameter 

680 nm (Cu and Al from background). 
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Fig. 3: Fraction D ɀ EDX spectra of iron nanospheres (diameter from 19 nm and less, up 

to 120 nm) agglomerate (Cu and Al from background). 
 

 
Fig. 4: Ultrafine fraction E - EDX spectra of ns-soot (Cu and Al from background). 

 
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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Exposure experiments 
 

INTRODUCTION 
 

Particles containing copper are emitted from smelters, iron foundries, power 
stations, and municipal incinerators (WHO, 1998) and also from brake linings during 
ÂÒÅÁËÉÎÇȟ +ÕËÕÔÓÃÈÏÖÜ 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 CheÍÉÓÔÒÙ !3 #2 ɉ6ÅéÅĠÁ ÅÔ ÁÌȢȟ ςπρρɊ ÁÎÄ ÓÏÍÅ ÍÅÔÈÏÄÓ ÏÆ .0Ó 
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 (TR), reactor flow rate (QR) and precursor vapour 
pressure (PCuAA). PCuAA was controlled by the saturator temperature (TS) and saturator 
flow rate (QS) and its values in the saturator were calculated from the equation 
(Nassibulin et al., 2001): 

 
)

)(

7.4170
641.7(

101000)(
KT

CuAA
SPaP

-

³= ,        (1)  

 
ÖÁÌÉÄ ÉÎ ÔÈÅ ÔÅÍÐÅÒÁÔÕÒÅ ÒÁÎÇÅ ÆÒÏÍ ψπ ÔÏ ρωπ Ј#Ȣ %ØÐÅÒÉÍÅÎÔÁÌ ÓÅÔÕÐ ×ÁÓ ÄÅÓÃÒÉÂÅÄ ÉÎ 
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 ɀ 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 
ɉ,ÜÂÜÒȟ ςππψȟ ,ÜÂÜÒȟ ςππωɊȢ  
 

 
 

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 (500ɀχππ Ј#Ɋȟ TS 
(120ɀρσσȢυ Ј#Ɋȟ QR (800ɀ1200 cm3/min) and QS (80 ɀ 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 Nt and geometric mean diameter GMD, but we have also available NPs 
production in mass total concentration Mt ( g˃/m 3) and surface total concentration St 
(nm2/cm 3). 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 Nt high above 1x107 #/cm 3. 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 ˃g/m 3 at TRЀυππ Ј#ȟ 
1600 to 3000 ˃ g/m 3 at TRЀφππ Ј#ȟ ÁÎÄ ρχππ ÔÏ ςπππ g˃/m 3 at TRЀχππ Ј#ȟ ÂÕÔ ÁÔ TR=700 
Ј#ȟ ÔÈÅ ÖÁÌÕÅ ÏÆ PCuAA was lower (0.14 Pa) than at TRЀφππ Ј# ɉπȢςπ 0ÁɊȢ -ÁÓÓ 
concentrations from filter measurements varied in the same order of TR from 390 to 890 
g˃/m 3, 1900 to 2800 ˃ g/m 3, and 3700 to 4000 ˃ g/m 3, respectively. We can see, that at 

TRЀχππ Ј# ÍÁÓÓ ÃÏÎÃÅÎÔÒÁÔÉÏÎÓ ÆÒÏÍ ÆÉÌÔÅÒ ÍÅÁÓÕÒÅÍÅÎÔÓ ÁÒÅ Ô×ÉÃÅ ÁÓ ÈÉÇÈ ÁÓ ÔÈÅ ÖÁÌÕÅÓ 
from SMPS, which can be apparently attributed to more dense NPS and/or NPs 
agglomerates at TRЀχππ Ј#Ȣ %ÍÉÓÓÉÏÎ ÒÁÔÅÓ ÆÒÏÍ 3-03 ÍÅÁÓÕÒÅÍÅÎÔÓ ÖÁÒÉÅÄ ÆÒÏÍ ρȢτ ÔÏ 
9.0 ˃ g/min, while from filters measurements from 1.2 to 12.1 ˃ g/min.  

 

 
Fig. 2: Time dependence of Nt and GMD at given experimental conditions TR, TS, QR, QS 

and Qdil/2 . 
 

Morphology of NPs was studied using HRTEM and an example of HRTEM images of 
the sample synthesized at TRЀυππ Ј# ÃÁÎ ÂÅ ÓÅÅÎ ÉÎ &ÉÇÕÒÅ σȢ 0ÒÉÍÁÒÙ ÐÁÒÔÉÃÌÅÓ ÁÒÅ 
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 
φππ ÁÎÄ χππ Ј# ×ÁÓ Á ÂÉÔ ÌÁÒÇÅÒȟ ÔÙÐÉÃÁÌÌÙ ÆÒÏÍ υ ÔÏ ρυ ÎÍȢ 

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 syntÈÅÓÉÚÅÄ ÁÔ υππ Ј# ÁÎÄ χςȢω Ϸ ÉÎ ÔÈÅ ÓÁÍÐÌÅ 
ÓÙÎÔÈÅÓÉÚÅÄ ÁÔ χππ Ј#Ȣ %#Ⱦ/# ÁÎÁÌÙÓÅÓ ÏÆ ÔÈÅ ÓÁÍÐÌÅÓ ÄÅÐÏÓÉÔÅÄ ÏÎ ÑÕÁÒÔÚ ÆÉÂÒÅ ÆÉÌÔÅÒÓ 
showed that the content of total carbon (TC) was 20.1, 10.1 and 9.0 mass % in the 
ÓÁÍÐÌÅÓ ÓÙÎÔÈÅÓÉÚÅÄ ÁÔ υππȟ φππ ÁÎÄ χππ Ј#ȟ 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 
Ј# ÃÏÎÔÁÉÎ ρπ ÏÒ ÌÅÓÓ ÍÁÓÓ Ϸ ÏÆ 4#Ȣ  

 

 
Fig. 3: TEM images of the sample of NPs synthesized at TRЀυππ Ј#ȟ QR=1200 cm3/min, 

TSЀρςχ Ј#ȟ QS=120 cm3/min, QDil=1800 cm3/min.  
 

XRD analysis identified NPs generated at TRЀυππ Ј# ÁÓ 82$ ÁÍÏÒÐÈÏÕÓȢ )Î ÔÈÅ 
samples generated at TR φππ ÁÎÄ χππ Ј#ȟ 82$ ÍÅÔÈÏÄ ÉÄÅÎÔÉÆÉÅÄ ÃÒÙÓÔÁÌÌÉÎÅ ÓÔÒÕÃÔÕÒÅ ÏÆ 
cubic Cu, PDF 85-1326. Besides metallic Cu, in the samplÅ ÓÙÎÔÈÅÓÉÚÅÄ ÁÔ χππ Ј#ȟ ÁÌÓÏ 
traces of cuprite (Cu2O) 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 
TRЀυππ Ј#ȟ ×ÈÉÃÈ ÃÁÎ ÂÅ ÓÅÅÎ ÉÎ &ÉÇÕÒÅ σ ɉÌÁÔÔÉÃÅ ÆÒÉÎÇÅÓɊȟ ÂÕÔ ÅÓÐÅÃÉÁÌÌÙ ÆÒÏÍ ÅÌÅÃÔÒÏÎ 
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 Cu2O 
crystalline structures. Electron diffraction patterns of NPs generated at TR 600 and 700 
Ј# Áre much better developed, but in principle confirmed the same. However, the ratio of 
cubic Cu to cubic Cu2O crystallites is increasing with increasing TR. 
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Fig. 4: Comparison of electron diffraction pattern of NPs synthesized at TRЀυππ Ј#ȟ 
QR=1200 cm3/mi n, TSЀρςχ Ј#ȟ QS=120 cm3/min, QDil=1800 cm3/min (inset and red 

curve) with model diffractions of cubic Cu and cubic Cu2O. 
 

In conclusion, the generation of NPs by CuAA thermal decomposition in an inert 
atmosphere at TRЀ χππ Ј# ÓÅÅÍÓ ÔÏ ÂÅ ÔÈÅ ÆÁÖÏÕÒÁÂÌÅ ÍÅthod for long lasting exposure 
experiments with laboratory animals. The particle production rate is sufficiently high 
(up to 4000 ˃ g/m 3) 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. 

 
ª6/$ 

 
0ĠþÓÐñÖÅË ÐĠÅÄÓÔÁÖÕÊÅ mezioborovoÕ ÓÐÏÌÕÐÒÜÃÉ ÁÅÒÏÓÏÌÏÖïÈÏ ÉÎĿÅÎĻÒÓÔÖþ Á 

ÒÁÄÉÁéÎþ ÏÃÈÒÁÎÙ Ö oblasti dosimetrie radonu. Po rozpadu ɉÐÌÙÎÎïÈÏɊ ÒÁÄÏÎÕ ÄÏÃÈÜÚþ ËÅ 
vzniku ȵÖÏÌÎĻÃÈȰ ËÒÜÔËÏÄÏÂĻÃÈ ÐĠÅÍñÎÏÖĻÃÈ ÐÒÏÄÕËÔĳ ÒÁÄÏÎÕ ɉ2Î$0Ɋȟ ËÔÅÒï ÎÅÊÓÏÕ 
ÄÅÐÏÎÏÖÜÎÙ ÎÁ ÁÅÒÏÓÏÌÏÖï éÜÓÔÉÃÅ. V ÔÏÍÔÏ ÓÔÁÖÕ ÍÁÊþ ÒÏÚÍñÒ ËÏÌÅÍ ρ Îm a takto 
mÏÈÏÕ ÖÅ ÖÚÄÕÃÈÕ ÓÅÔÒÖÁÔ ÁĿ ρππ ÓÅËÕÎÄȢ 0ÏÔï ÓÅ 2Î$0 ÄÅÐÏÎÕÊþ ÎÁ ÁÅÒÏÓÏÌÏÖï éÜÓÔÉÃÅȢ 
0ÏÄþÌ ÎÅÄÅÐÏÎÏÖÁÎï Á ÃÅÌËÏÖï ÒÁÄÉÏÁËÔÉÖÉÔÙ ɉȵÖÏÌÎÜ ÆÒÁËÃÅȰ Æp) je ÏÂÅÃÎñ ÄÜÎ ÖÅÌÉËÏÓÔÎþ 
ÄÉÓÔÒÉÂÕÃþ ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃ a jejich celkovou ËÏÎÃÅÎÔÒÁÃþ.  

V ÓÏÕéÁÓÎï ÄÏÂñ ÊÅ ÕÚÎÜÖÜÎ ÖÚÔÁÈ ÍÅÚÉ ËÏÎÃÅÎÔÒÁÃþ ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃ Á ÖÏÌÎÏÕ 
ÆÒÁËÃþ ÎÁÖÒĿÅÎĻ J. PorstendĘrferem (1987). :ÄÅ ÎÅÎþ ÂÒÜÎÁ Ö potaz velikost aerosolu.  

 
0/0)3 %80%2)-%.4° 

 
3ÔÁÎÏÖÅÎþ ÁËÔÉÖÉÔÎþ ÖÅÌÉËÏÓÔÎþ ÄÉÓÔÒÉÂÕÃÅ ÒÁÄÉÏÁËÔÉÖÎþÃÈ ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃ ÂÙÌÏ 

ÐÒÏÖÅÄÅÎÏ ÐÏÍÏÃþ ÄÉÆÕÚÎþ ÂÁÔÅÒÉÅ ÎÁÖÒĿÅÎï ÄÌÅ 2Ȣ &Ȣ (ÏÌÕÂÁ Á %Ȣ /Ȣ +ÎÕÔÓÏÎÁ ɍςɎȢ "ÁÔÅÒÉÅ 
ÊÅ ÓÅÓÔÁÖÅÎÁ Ú ρπ ÄÉÆÕÚÎþÃÈ ÍĠþĿþ Ï ÐÒĳÍñÒÕ σ ÃÍ Á ÍÉËÒÏÖÌÜËÎÉÔïÈÏ ÐÏÄÌÏĿÎþÈÏ ÆÉÌÔÒÕȟ 
ËÔÅÒĻ ÚÁÊÉĤĩÕÊÅ ÚÜÃÈÙÔ ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃ ÐÒÏĤÌĻÃÈ ÓÙÓÔïÍÅÍ ÄÉÆÕÚÎþÃÈ ÍĠþĿþȢ 0Ġi 
ÏÄÂñÒÏÖï ÏÂÊÅÍÏÖï ÒÙÃÈÌÏÓÔÉ σ ÌȾÍÉÎ ÕÍÏĿĐÕÊÅ ÔÁÔÏ ÄÉÆÕÚÎþ ÂÁÔÅÒÉÅ ÕÒéÅÎþ ÖÅÌÉËÏÓÔÎþÈÏ 
spektra ÒÁÄÉÏÁËÔÉÖÎþÃÈ éÜÓÔÉÃ Ö ÒÏÚÓÁÈÕ ÏÄ πȟρ ÄÏ ρππ ÎÍȢ  AÅÒÏÓÏÌÏÖï éÜÓÔÉÃÅ bez ohledu 
na deponovanou radioaktivitu ÂÙÌÙ ÖÚÏÒËÏÖÜÎÙ ÐÏÍÏÃþ 3-03 σωσφ Ó long (3081) a nano 
(3085) DMA.  

 
6¸3,%$+9 ! $)3+5:% 

 
3ÒÏÖÎÜÎþ ÖĻÓÌÅÄËĳ ÓÔÁÎÏÖÅÎþ ÖÅÌÉËÏÓÔÎþ ÄÉÓÔÒÉÂÕÃÅ ȵÏÂÅÃÎïÈÏȰ Á ÒÁÄÉÏÁËÔÉÖÎþÈÏ 

ÁÅÒÏÓÏÌÕ ÐÒÅÓÅÎÔÕÊÅ /ÂÒȢ ρȢ :ÄÅ %%2 ÊÅ ÅËÖÉÖÁÌÅÎÔÎþ ÏÂÊÅÍÏÖÜ ÁËÔÉÖÉÔÁ ÒÁÄÏÎÕ 
ɉËÏÍÂÉÎÁÃÅ ÏÂÊÅÍÏÖĻÃÈ ÁËÔÉÖÉÔ 2Î$0ɊȢ : ÐÒÖÏÔÎþÈÏ ÐÏÒÏÖÎÜÎþ ÊÅ ÚĠÅÊÍïȟ ĿÅ ÎÁ ÖñÔĤþ 
ÁÅÒÏÓÏÌÏÖï éÜÓÔÉÃÅ ÊÅ ÄÅÐÏÎÏÖÜÎÏ ÖþÃÅ ÒÁÄÉÏÁËÔÉÖÎþÃÈ éÜÓÔÉÃȢ 6ÅÌÉËÏÓÔ ȵÖÏÌÎĻÃÈȰ 2Î$0 
ÂÙÌÁ ÐĠÉ ÖĤÅÃÈ ÐÒÏÖÅÄÅÎĻÃÈ ÅØÐÅÒÉÍÅÎÔÅÃÈ Ö rozsahu od 0,3 nm do 3 nm s ÈÌÁÖÎþÍ 
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ÖÅÌÉËÏÓÔÎþÍ ÍÏÄÅÍ πȟχ ÎÍȢ  5 ÖĤÅÃÈ ÐÒÏÖÅÄÅÎĻÃÈ ÅØÐÅÒÉÍÅÎÔĳ ÂÙÌ ÖÅ ÓÐÅËÔÒÕ 
ÉÄÅÎÔÉÆÉËÏÖÜÎ ÐÏÕÚÅ ËÏÁÇÕÌÁéÎþ ÍĕÄȢ .Á /ÂÒȢ ς ÊÅ ÐÒÅÓÅÎÔÏÖÜÎÏ ÐÏÒÏÖÎÜÎþ ÍÅÚÉ 
PorstendĘÒÆÅÒÏÖĻÍ vztahem Á ÖĻÓÌÅÄËÙ ÎÜÍÉ ÐÒÏÖÅÄÅÎĻÃÈ ÅØÐÅÒÉÍÅÎÔĳȢ 

/ÂÒȢ ρȡ 3ÒÏÖÎÜÎþ ÓÔÁÎÏÖÅÎþ ÖÅÌÉËÏÓÔÎþ ÄÉÓÔÒÉÂÕÃÅ ȰÏÂÅÃÎïÈÏȱ Á ÒÁÄÉÏÁËÔÉÖÎþÈÏ 
aerosolu 

 
$ÁÔÁ 0ÏÒÓÔÅÎÄĘÒÆÅÒÁ ɉËĠÉÖËÁɊ ÂÙÌÁ ÚþÓËÜÎÁ ÐÏ ÍñĠÅÎþ Ö ÂÙÔÅÃÈ ÁÔÐȢȟ ËÄÅ ÂÙÌ ÈÌÁÖÎþ 

ÖÅÌÉËÏÓÔÎþ ÍĕÄ ÏÄ ρππ ÄÏ σππ ÎÍȢ  6 ÎÁĤÉÃÈ ÅØÐÅÒÉÍÅÎÔÅÃÈ ÂÙÌÁ ÖÅÌÉËÏÓÔ ÁÅÒÏÓÏÌÕ Ï ÖþÃÅ 
ÎÅĿ ĠÜÄ ÍÅÎĤþȢ *Å ÚĠÅÊÍïȟ ĿÅ ÄÅÐÏÚÉÃÅ ÎÁ ÔÁË ÍÁÌï éÜÓÔÉÃÅ ÊÅ ÖĻÒÁÚÎñ ÍÅÎĤþ Á ÖñÔĤÉÎÁ 
2Î$0 ÊÅ ÓÔÜÌÅ ÖÅ ȵÖÏÌÎïȰ ɉÕÎÁÔÔÁÃÈÅÄɊ ÆÏÒÍñ É ËÄÙĿ ËÏÎÃÅÎÔÒÁÃÅ ÁÅÒÏÓÏÌĳ ÊÅ ÒÅÌÁÔÉÖÎñ 
ÖÙÓÏËÜ.  

 

 
/ÂÒȢ ςȡ 0ÏÒÏÖÎÜÎþ ÅÍÐÉÒÉÃËïÈÏ ÖÚÔÁÈÕ  Ó ÎÁĤÉÍÉ ÖĻÓÌÅÄËÙ z radon-ÁÅÒÏÓÏÌÏÖï 
komory (fp ɀ ÖÏÌÎÜ ÆÒÁËÃÅȟ : ɀ ÃÅÌËÏÖÜ ËÏÎÃÅÎÔÒÁÃÅ ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃɊ 

 
:<6Q2 

 
4ÒÁÄÕÊÅ ÓÅȟ ĿÅ ÚÄÒÁÖÏÔÎþ ĭÊÍÁ ÚÐĳÓÏÂÅÎÜ ÉÎÈÁÌÁÃþ ÐÒÏÄÕËÔĳ ÐĠÅÍñÎÙ ÒÁÄÏÎÕ ÊÅ 

ÐĠÅÖÜĿÎñ ÄÜÎÁ ÊÅÊÉÃÈ ÎÁÎÏÍÅÔÒÏÖÏÕ ɉÎÅÖÜÚÁÎÏÕɊ éÜÓÔþȢ 4ÁÔÏ ÎÅÍĳĿÅ ÂĻÔ ÄÅÄÕËÏÖÜÎÁ ÊÅÎ 
z ÃÅÌËÏÖï ÐÏéÅÔÎþ ËÏÎÃÅÎÔÒÁÃÅ ÁÅÒÏÓÏÌĳȟ ÊÅ ÔĠÅÂÁ ÖÚþÔ Ö ĭÖÁÈÕ  É ÖÅÌÉËÏÓÔÎþ ÄÉÓÔÒÉÂÕÃi 
ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃȢ  
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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 ɀ 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 ʈ3ȾÃÍɊȢ %ÌÅÃÔÒÏÓÔÁÔÉÃ ÃÌÁÓÓÉÆÉÅÒ ÉÓ ÆÕÒÔÈÅÒ ÕÓÅÄ ÆÏÒ 
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). 

 

mailto:jsperka@cmi.cz
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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 
 

Ion 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 ɀ ψȢυ АÍȢ 4ÈÅ ÁÅÒÏÓÏÌ ÓÁÍÐÌÅÓ ÆÒÏÍ 3$) ÁÒÅ ×ÅÌÌ ÓÕÉÔÅÄ ÆÏÒ 0)8% ÁÎÁÌÙÓÉÓ ÁÓ ÔÈÅ 
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 deposits 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, 
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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 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 
ÃÏÍÐÁÒÉÓÏÎ ÏÆ Ô×Ï ÄÉÆÆÅÒÅÎÔ ÍÅÁÓÕÒÉÎÇ ÁÔ Ô×Ï ÉÎÃÉÄÅÎÔ ÐÒÏÔÏÎ ÂÅÁÍ ÅÎÅÒÇÉÅÓ ɉ(ÁÖÒÜÎÅË 
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. 2: Elemental distribution of S, K and Fe (left to right) within single deposit spot on 
SDI stage no.5 (Prague metro samples) as measured by Õ-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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