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Abstrakt 

Disertační práce zahrnuje dva hlavní projekty: 1) výzkum intermodální 

frakce a 2) určení zdrojů znečištění ovzduší v Ostravě. 

Úvod a cíl 1. projektu. Jemná a hrubá frakce atmosférického aerosolu 

jsou považovány za samostatné polutanty a jejich překryv reprezentuje 

intermodální frakce - PM1-2.5. PM1-2.5 tak může být tvořena zdroji jemné 

i hrubé frakce. Cílem této práce bylo prozkoumat vztah mezi PM1-2.5 a 

hrubou (PM2.5-10 nebo PM>2.5)/jemnou (PM1) frakcí během odlišných 

meteorologických podmínek, sezónách a na různých lokalitách v ČR. 

Úvod a cíl 2. projektu. Kvalita ovzduší na Ostravsku je jedna 

z nejhorších v Evropě. Cílem druhého projektu bylo určit zdroje 

znečištění ovzduší na dvou residenčních lokalitách, příměstské (Plesná) 

a městské průmyslové (Radvanice), a jejich lokální či regionální původ. 

Metodika. Koncentrace velikostně rozděleného atmosférického aerosolu 

byly měřeny pomocí kaskádních impaktorů a vzorkovačů PM1 a PM10 

na různých lokalitách v letě i zimě. Byly provedeny chemické analýzy 

vzorků. Koncentrace počtu částic měřené spetrometry byly použity 

v meteorologických analýzách. Použité statistické metody byly korelace, 

mnohonásobná lineární regrese a positive matrix factorisation. 

Výsledky 1. projektu. Byl nalezen statisticky významný vztah mezi PM1-

2.5 a hrubou frakcí ve všech prostředí, zatímco vztah mezi PM1-2.5 a PM1 

jen v některých. V zimě prvky zemské kůry přispívaly do PM2.5-10 a 

PM1-2.5 na všech lokalitách. Síra významě přispívala do PM1 a částečně i 

do PM1-2.5. Koncentrace SO4
2-

 (indikátor jemné frakce) byly vyšší než 

Ca
2+

 (indikátor hrubé frakce) v PM1-2.5 v zimě než v létě. V létě byly 

významně zastoupeny prvky zemské kůry v PM1-2.5 a hrubé frakci, 

zatímco S  významně obohacovala jemnou frakci. Ze studií vyplývá, že 

PM1-2.5 byla ovlivněna zdroji hrubé frakce. Vliv zdrojů jemné frakce byl 

patrný při zvýšené relativní vlhkosti (zima, deštivé období). 

Výsledky 2. projektu. V Radvanicích byla úroveň znečištění lehce vyšší 

při při jihozápadním (JZ) než severovýchodním (SV) proudění větru. 

Hlavní zdroje představoval průmysl (hutnický závod JZ od měřící 

stanice) a spalování biomasy. V Plesné byla úroveň znečištění výrazně 

vyšší při SV proudění a sekundární anorganické aerosoly představovaly 

největší zdroj. To poukazuje na regionální transport znečištění 

pocházející z významné industriální oblasti v polském Slezsku. Kvalita 

ovzduší v Ostravě během našeho měření byla ovlivněna lokálními zdroji 

a významě také regionálním transportem znečištění. 
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Abstract 

This thesis includes two main projects: 1) the investigation of the 

intermodal fraction and 2) estimate of air pollution sources in Ostrava. 

Introduction and aim of the first project. Fine and coarse particulate 

matter (PM) are considered separate pollutants. Their overlap is 

represented by an intermodal fraction (PM1-2.5). Sources of both, the fine 

and coarse fractions contribute to PM1-2.5. The aim of the project was to 

examine the associations between PM1-2.5 and the coarse (PM2.5-10 or 

PM>2.5)/fine (PM1) fraction under different meteorological conditions at 

various sites in the Czech Republic during winter and summer. 

Introduction and aim of the second project. Ostrava region is one of the 

European air pollution hot spots. The aim of the project was to estimate 

air pollution sources at an urban industrial (Radvanice) and a suburban 

(Plesná) sites in Ostrava during winter. 

Methods. The size-resolved mass concentrations of PM was measured 

with cascade impactors and samplers (PM1 a PM10) at different sites in 

summer and winter. Chemical analyses of samples were performed. The 

particle number concentrations sampled by spectrometers were used for 

meteorological analyses. Correlation analysis, multiple linear regression, 

and positive matrix factorization were used for data processing. 

Results of the first project. Statistical analyses confirmed relationship 

between PM1-2.5 and the coarse fraction at all sites. The relationship 

between PM1-2.5 and PM1 was identified only at several sites. In winter, 

crustal elements significantly influenced the coarse fraction and PM1-2.5 

at all sites, while S was significant in PM1 and partially in PM1-2.5. The 

SO4
2-

 concentrations (the fine fraction tracer) was higher than the Ca
2+

 

concentrations (the coarse fraction tracer) in PM1-2.5 in winter than 

summer. In summer, crustal elements were important in PM1-2.5 and the 

coarse fraction, while S still dominated in PM1. To conclude, PM1-2.5 

was influenced by the sources of the coarse fraction and sources of the 

fine fraction only under increased relative humidity conditions (winter). 

Results of the second project. In Radvanice, air pollution level (APL) 

was slightly higher under southwest than northeast winds. The main 

sources were industry (located SW) and biomass burning. In Plesná, 

APL significantly increased under northeast winds. Secondary inorganic 

aerosol sources dominated, with the highest contributions during the 

northeast wind conditions. Therefore, regional pollution transport from 

the industrial area of Poland was significantly evident. 
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1. Introduction and motivation 

1.1. Atmospheric aerosol-overview 

 The atmospheric aerosols, liquid or solid particles suspended in 

the air, are ubiquitous in the Earth’s atmosphere and influence basic 

atmospheric processes, climate, ecosystems, and human health. Aerosol 

particles influence the hydrological cycle since they serve as cloud 

condensation nuclei (CCN) and ice nuclei for the formation of clouds 

and precipitation. They are involved in heterogeneous chemical 

reactions of atmospheric trace gasses and other multiphase processes. 

Further, they affect the energy balance of the Earth by scattering and 

absorbing the solar and terrestrial radiation. Moreover, they influence 

the human health because can cause e.g. respiratory, cardiovascular, and 

allergic diseases. 

 Airborne particles, originating from the variety of natural and 

anthropogenic sources, can be emitted directly to the atmosphere as 

primary particles or formed in the atmosphere by chemical reactions and 

physical processes as secondary aerosols. The main global natural 

aerosol sources, usually well distributed around the globe, are soil dust 

mostly from arid regions, sea salt, gas-to-particle conversion (formation 

of sulphate, ammonium salts, and nitrate from SO2, H2S, NH3, and 

NOx), bioaerosol, photochemical reactions (particles formed from 

biogenic organic compounds, e.g. isoprene and monoterpene vapours 

released from trees), volcanos, forest fires (Agranovski, 2010; Hinds, 

1998), and thunderstorms (Pawar et al., 2011). On the other hand, 

combustion processes, energy production, traffic, industry (metallurgy, 

fertilizer production, etc.), and agriculture are anthropogenic sources, 

dominating in urban and industrial regions (Hinds, 1998). 

 The removal mechanisms for the airborne particles from the 

atmosphere are the wet and dry deposition. The wet deposition is a 

transfer of particles from atmosphere to the ground by atmospheric 

precipitation. Both particles forming cloud droplets and airborne 

particles captured by precipitations are removed from the atmosphere. 

The dry deposition is the sedimentation of particles to the ground.  

 This dissertation includes five articles focused on the size 

resolved atmospheric aerosol. The emphasis was put on the two main 

research studies deals with 1) the investigation of the intermodal fraction 

and 2) the influence of the regional air pollution transport on Ostrava. 
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1.2. Intermodal fraction 

 Atmospheric aerosols comprise two fundamental size 

categories: fine and coarse (Whitby et al., 1972). These two particle 

modes, fine and coarse, are considered separate pollutants not only due 

to their size but also their different sources, behaviour, health effects, 

chemical composition, etc. (e. g., Colbeck et al., 2008; Schwarz et al., 

2012). These fractions overlap in the particle size range of about dae = 1 

– 2.5 μm (aerodynamic diameter), called the intermodal fraction (PM1-

2.5; Particulate Matter). 

 Sources primarily producing the fine or coarse fractions 

contribute to PM1-2.5 to different extents due to meteorological and 

spatial conditions. The contribution of the earth’s crustal components to 

PM2.5 (often consider the fine fraction), as well as fine particles 

growing into PM > 1 μm (dae) during periods of higher relative humidity 

(RH) can lead to some inaccuracies in the source apportionment, 

epidemiological and exposure studies. The existing studies that have 

focused on the investigation of PM1-2.5 and its chemical composition 

were performed mostly in dry environments (e. g., Geller et al., 2004; 

Kegler et al., 2001). The intermodal fraction accounted for about 5 – 

45% of the PM2.5 (PM < 2,5 µm - often consider the fine fraction; e. g. 

Haller et al., 1999; Lundgren et al., 1996; Perez et al., 2012). 

Additionally, our results may contribute to the discussion between air 

quality experts and legislators about the possible establishment of an 

additional air quality standard for PM1 (PM < 1 µm). For the purposes of 

our study (Article 1 and 2), PM1 is considered the fine fraction and 

PM2.5-10/ PM>2.5 (dae=2.5-10/ <2.5 μm) the coarse fraction. 

1.3. Influence of the regional air pollution transport on Ostrava 

 Air quality of specific site is generally influenced by local air 

pollution sources and by regional/long-range air pollution transport. This 

pollution transport of PM adds to local emission (Perrone et al., 2013; 

Squizzato and Masiol, 2015) which may prevent the achievement of air 

quality standards. The air quality standards are frequently exceeded in a 

European hot spot for air pollution Ostrava. The city has been 

historically characterized by coal mining and metallurgical industries 

and it represents only small part of the Upper Silesia with enormous 

concentration of industry and poor long-term air quality. Comprehensive 

source apportionment, investigating their local and regional character 
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(Article 3), is essential for implementation of successful abatement 

strategies in this locality. 

1.4. Inter-comparison of four different cascade impactors 

 Epidemiological and exposure studies have evidenced the need 

to focus on the airborne particles with a diameter less than 100 nm, 

ultrafine particles (UFP; Oberdörster, 2000). Inertial impactors enable to 

sample size resolved atmospheric aerosol particles, including UFP, for 

subsequent determination of mass size distribution, chemical and/or 

physical properties (Hitzenberger et al., 2004; Seinfeld and Pandis, 

2006). According to the available literature there has been no field 

campaign to date inter-comparing the impactor collection efficiency of 

UFP. In our study (Article 4), we attempt to contribute to filling this 

research gap. 

1.5. Case study in the small settlement 

 Due to the rare air quality monitoring in Czech small 

settlements, where more than 50% of the households use solid fuels 

(CSO, 2011), the present study (Article 5) was performed at a model 

site. The air quality level was monitored not only outdoors but in the 

indoor environment as well, where people spent almost 90% of the 

daytime on average (Bernstein et al., 2008). 

2. Aims of the study 

 The general aim of this thesis was to study the mass 

concentrations and chemical composition of size resolved atmospheric 

aerosol under various meteorological conditions and types of sources. 

The emphasis was put on the investigation of the intermodal fraction of 

atmospheric aerosol and the influence of the regional air pollution 

transport on Ostrava. 

 The partial aims of the thesis are related with individual 

studies: 

I. Elucidate the associations between PM1-2.5 and the fine PM 

(PM1)/coarse PM (PM2.5-10 or PM>2.5) at various urban sites in the 

Czech Republic under different meteorological conditions during 

winter and summer based on a statistical analysis and chemical 

composition (Article 1 and 2). 
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II. Perform an inter-site comparison of size resolved PM 

concentration and chemical composition, estimate air pollution 

sources, and determine their local or/and regional origin at two 

residential sites in Ostrava city (Article 3). 

III. Test the impactors’ performance with regard to different particle 

size distributions and aerosol composition under different 

environmental conditions and aerosol loads and types (Article 4). 

IV. Find out the level of PM concentrations in outdoor and indoor 

environment of a small settlement; determine the influence of 

specific sources (a close town and a quarry) and meteorology on 

the air quality in the settlement (Article 5). 

3. Material and methods 

3.1. Sampling Sites and Instrumentation 

 24-h mass concentrations of the detailed size-resolved PM, 

PM1, and PM10 was measured with cascade impactors, standard 

reference samplers, and Hi-Volume sampler in summer and winter at 

twelve urban, suburban, and rural sites in the Czech Republic. 

 Five or ten minutes of integration time for the particle number 

concentration and size distribution were measured with a scanning 

mobility particle sizer (SMPS) and an aerodynamic particle sizer (APS) 

with PM10 sampling head to covered the size range from 14 - 10
3
 nm. 

 Meteorological data, including wind speed (WS), temperature 

(T), and relative humidity (RH) were measured at the sampling sites or 

was available from the nearest representative Automatic Monitoring 

Station managed by the Czech Hydrometeorological Institute (CHMI). 

3.2. Gravimetric analysis 

 The concentrations of atmospheric aerosol were assessed by 

gravimetric analysis. Before and after sampling the filters/ foils were 

preconditioned for at least 24 hours at 50 ± 3% RH and T = 20 ± 0.5°C 

in weighing room and the electrostatic charges were dissipate 

immediately before weighing with a microbalance. 
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3.3. Chemical analyses 

 For selected sites: Ostrava Radvanice and Plesná, Prague 

Suchdol and Benátská, ion chromatography (IC) was used for the 

determination of cation (Na
+
, NH4

+
, K

+
, Ca

2+
, and Mg

2+
) and anion 

(SO4
2-

, NO3
-
, Cl

-
, and oxalate C2O4

2-
) mass concentrations in aerosol 

samples. At sites: Ostrava Radvanice and Plesná in PM10 and PM1, the 

mass concentrations of monosaccharide anhydrides (levoglucosan, 

mannosan, and galactosan) were determined by IC and Gas 

Chromatography-Mass Spectrometry (GS-MS). In addition, the contents 

of elemental carbon (EC) and organic carbon in Ostrava samples were 

determined using a semi-continuous analyser. 

 A scanning electron microscope equipped with an energy 

dispersive spectroscope (SEM+EDX) was used for the elemental 

semiquantitative microanalyses (Na, Mg, Al, Si, P, S, Cl, K, Ca, Ti, Cr, 

Mn, Fe, and Zn). Individual elements were expressed as percentages of 

their sum normalized to 100% (not percentages from the total aerosol 

mass). 

3.4. Data analysis 

 Nonparametric Spearman's rank correlation coefficients (rs) and 

the correlation test (p-value < 0.05) were calculated to determine the 

statistical significant relationship between two variables. Multiple linear 

regression (MLR) was used for exploration of the dependence between 

one dependent parameter and more than one independent variable 

(Montgomery and Runger, 2003). 

 The enrichment factor (EF) was calculated to characterize the 

origin of airborne PM. EF relates the concentration of an element to the 

concentration of an airborne crustal element (Si used) normalized to the 

ratio of these elements in the average continental crust (Saliba et al., 

2007). Element concentrations in the upper continental crust were given 

by Wedepohl (1995). 

 To determine spatial heterogeneity of aerosol masses and 

chemical compositions at different sites the coefficient of divergence 

(CoD) was calculated (e. g. Contini et al., 2012). 

 The meteorological and statistical analyses were performed 

with the R software and the package Openair (Carslaw, 2015). The 

back-trajectories of air masses were analysed with HYSPLIT model 

(Rolph et al., 2017). 
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 Positive matrix factorization (PMF; EPA PMF 5.0) was applied 

to the PM1 and PM10 chemical compositions to investigate their sources 

(Belis et al., 2013). Based on the specific approach (Lenschow et al., 

2001) the contribution of a local industrial source to the air pollution 

level at the nearby urban residential site in Ostrava was determined. 

4. Results, discussion, and conclusion 

4.1. The investigation of the intermodal fraction (Article 1 and 2) 

 The outdoor 24-h mass concentrations of size-resolved PM and 

meteorological conditions were measured at 12 sites within 42 

campaigns between 11/2005 and 3/2015. The data set was divided into 

10 environments reflecting season (winter and summer), locality (urban, 

suburban, and rural), total measured PM (TSP and PM10), and placement 

of the impactor (outside and inside of the air-conditioned measurement 

station). We used two types of statistic methods: nonparametric 

correlation analysis and multiple linear regression (MLR) to investigate 

the relationship between the intermodal and fine/ coarse fraction.

 The chemical composition was determined for the samples 

from an urban industrial and a suburban site in Ostrava (Radvanice and 

Plesná, respectively; winter campaigns) and from an urban traffic site 

(Benátská) and a suburban site (Suchdol) in Prague (summer and winter 

campaigns). The influence of sources producing the coarse/fine fraction 

on PM1-2.5 was investigated with a correlation analysis, an elemental 

composition analysis (SEM+EDX), and an ion analysis (Ca
2+

 – 

representing PM2.5-10 and SO4
2- – representing PM1). In addition, the 

polar plots analysis using data from online measurement and calculated 

EF helped to investigate the PM sources directionality and origin, 

respectively. 

 The main findings are presented in the subsequent points: 

 Median PM1-2.5 in PM10 or TSP was 7% and 6% in summer and 7% 

and 9% in winter, respectively. On the other hand, PM1-2.5 accounted 

for a higher mass portion of PM2.5 during summer probably due to 

increased contribution of resuspended soil dust. Mass portion of 

PM1-2.5 in TSP or PM10 achieved, at most, 30% in summer and 31% 

in winter. 
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 The positive, statistically significant correlation coefficients were 

calculated between the PM1-2.5 and PM2.5-10 or PM>2.5 (rs = 0.54 – 

0.81) in all environments except one (suburban in summer). 

  Significant associations between PM1-2.5 and PM1 found (rs = 0.32 – 

0.75) in most of the environments were weaker compared to the 

correlation between PM1-2.5 and the coarse fractions. Less significant 

correlations for PM1-2.5-PM1 relationship were found in environments 

when the impactors were placed inside of the air-conditioned 

measurement stations in winter. 

 Negative correlation was observed between WS and PM1-2.5 in winter 

for several environments. It can indicate the presence of dominant 

local source(s) of this fraction (Chaloulakou et al., 2003). 

 Positive correlation was found between temperature and PM1-2.5 in 

two urban environments in winter and in one rural environment in 

summer. In addition, the data showed that increased temperature led 

to a decrease of RH and thus higher ability of dust resuspension 

(Vallius et al., 2000). 

 Positive association was found between RH and PM1-2.5 in two 

environments in winter and negative in one environment in summer. 

Increased RH can cause the growth of atmospheric particles due to 

their hygroscopicity, which shifts their size distribution towards 

large particles (positive correlation; e. g. Geller et al., 2004). On the 

other hand, the rainfall has a negative effect to PM level and it can 

lead to a negative correlation in the relationship PM-RH. In addition, 

during the rainfall, the dust resuspension is significantly mitigated. 

 According to MLR, PM1-2.5 associated with the coarse fraction in all 

environments during winter and summer. This statement agrees with 

the correlation analysis. Association of PM1-2.5 with PM1 was 

observed only at two environments in winter (urban and rural) and 

one in summer (urban). In winter, besides local sources (traffic 

and/or domestic heating), RH could play important role because the 

impactors were placed outside where RH was high. In summer, the 

environment included measurement sites heavily influenced by 

exhaust emission from traffic (dominant PM1 source). 

 According to chemical composition, in Radvanice, analyses 

suggested the association between PM1-2.5 and the coarse fraction. 

PM1-2.5 and the coarse fraction have the common source, likely the 

nearby industrial zone. 

 In Plesná, sources of both, the fine and the coarse fraction 

contributed to PM1-2.5 according to performed analyses. Mass 
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concentrations of SO4
2-

 were dominant in all three fractions and wind 

direction-wind speed (WD-WS) analysis pointed to sources located 

north/northeast (probably air pollution transport). 

 In Benátská during summer, elemental and ion composition 

suggested the association between PM1-2.5 and the coarse fraction. 

However, the correlation coefficient between PM1-2.5 and the fine 

fraction was more significant than with the coarse one (rs = 0.71 and 

0.45, respectively). After closer examination of the weather situation 

it was found that the meteorological conditions were changed during 

campaign. The first part of the campaign was characterised by sunny 

days and the second half by rainy days. The increase of RH 

influenced the Ca
2+

 to SO4
2-

 ratios (sunny days 1.45 and rainy days 

0.57) as well the correlations. The WS-WD analysis suggested the 

same dominant traffic source (a busy city road) for all three 

fractions. 

  In Benátská during winter, mass concentrations of SO4
2-

 in PM1-2.5 

and the coarse fraction were significantly higher than in summer. In 

contrast, seasonal differences of Ca
2+

 concentrations in all three 

fractions were not observed. The correlation and elemental analyses 

suggested mainly the contribution of the coarse fraction sources to 

PM1-2.5. The polar plots confirmed a dominant local source for these 

two fractions (the nearest road and intersection) whereas the 

dominant source of PM1 was the busy city road as in the summer. 

 In Suchdol (summer), all analyses suggested the clear association 

between PM1-2.5 and the coarse fraction even if the location of 

dominant sources was similar for all three fractions according to 

polar plots. 

 On the other hand, in Suchdol during winter, sources of both the fine 

and coarse fractions contributed to PM1-2.5 based on all analyses. The 

statistical seasonal differences were observed for SO4
2-

 

concentrations in all three fractions whereas no seasonal differences 

were measured for Ca
2+

 concentrations. 

 To briefly conclude, stronger positive correlation and 

relationship were identified between PM1-2.5 and the coarse fraction in 

all environments. MLR confirmed the dependence of PM1-2.5 on PM1 in 

only 3 environments. According to the chemical analyses, PM1-2.5 was 

influenced by the sources of the coarse fraction during all campaigns. 

The additional significant influence of sources producing the fine 

particles was evident under increased relative humidity conditions. Our 
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investigation of the intermodal fraction found that PM2.5, often 

considered to be the fine fraction, included a significant portion of 

particles originating from sources of coarse PM (crustal/soil, industrial 

dust), which was especially significant in summer. While during winter 

PM2.5 comprises mainly particles from fine PM sources. Future studies 

focused on source apportionment and epidemiology/exposure should 

consider our findings and perform the parallel measurements of both 

PM1 and PM2.5 fractions and their chemical analysis. This approach 

would enable the correction of results for the intrusion of crustal 

particles into PM2.5 that depends on the local weather and emission 

situations. 

4.2. The influence of the regional PM transport on Ostrava (Article 3) 

 Our measurements were performed in the winter at urban and 

suburban residential sites (Radvanice and Plesná) situated in Ostrava, 

one of the European air pollution hot spots. Radvanice has been under 

the long-term control of local authorities in terms of ensuring air quality 

monitoring mainly due to presence of the nearby industrial complex. 

Plesná represented site without air quality monitoring. 24-h PM1 and 

PM10 concentrations, detailed mass size distributions, and chemical 

compositions (i.e., ions and carbonaceous species) were investigated in 

parallel at both sites during winter 2014. 

 Main findings arising from our study: 

 In PM10, the average mass concentrations of most chemical species 

were higher in Radvanice than in Plesná. Low spatial heterogeneities 

were found for NO3
-
 and SO4

2-
 due to their similar concentration 

levels at both sites. These main ions of atmospheric aerosols 

accompanied by NH4
+
, represent secondary inorganic aerosols 

(SIAs). However, high spatial heterogeneities were found for Ca
2+

 

and Mg
2+

, whose average mass concentrations were five times higher 

in Radvanice than in Plesná, and for Cl
-
, Na

+
, and K

+
. 

 For PM1, the difference in average mass concentrations between the 

sites was not statistically significant. Low spatial heterogeneity was 

found for SIA, (NO3
-
 and SO4

2-
), EC and OC. However, high spatial 

heterogeneity was determined for Ca
2+

, Mg
2+

 (four times larger 

abundances in Radvanice than in Plesná), and Cl
-
. 
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 Calculated organic matter from biomass burning (OMBB) accounted 

for slightly higher portion in Radvanice than in Plesná (21 and 17% 

in PM10, respectively). 

 In Radvanice, concerning the WD analysis, similar mass 

concentrations of individual chemical species were measured on 

days with both northeast (NE) and southwest (SW) WDs, except for 

Mg
2+

, Ca
2+

, Na
+
, and K

+
, especially in PM10. The amounts of these 

minor ions significantly increased under SW WD, indicating sources 

in the local metallurgical complex. The average contribution of local 

industry to PM during SW winds was 9 µg m
-3

 for PM1 and 28 µg m
-

3
 for PM10. Source apportionment revealed the dominance of local 

sources, such as industrial production (43% for PM10 and 27% for 

PM1) and residential biomass burning (25% for PM10 and 36% for 

PM1). 

 In Plesná, a significant increase in mass concentrations for all 

species was measured from the NE direction, where a highly 

industrialized region in Poland is located. In addition, peaks for the 

fine mode of PM and TC shifted towards larger particles under a NE 

WD, suggesting aged PM thus, regional pollution transport. The 

mass concentrations of PM and most of chemical species were the 

highest during NE winds. Contrary to our expectations, the local 

metallurgical complex situated in Radvanice (southeast direction) 

had a minimal influence on PM concentration in Plesná (the 

industrial source 12% of PM10 and 5% of PM1) due to prevailing 

winds from the NE and SW during the measurement period. The 

source apportionment revealed the dominance of SIAs (sulphates and 

nitrates; more than 50%), biomass burning, and coal combustion. 

 In summary, the air quality in Radvanice was influenced by 

local sources and regional pollution transport. In Plesná, the dominant 

influence of the regional pollution transport from highly industrialized 

region in Poland was evident. 

 It is apparent from our results that the issue of poor air quality 

in the Moravian-Silesian region (where the capital city of Ostrava is 

located) is complex. Therefore, the international cooperation of both 

states (the Czech Republic and Poland) including the adoption of 

specific regulations, education, and the support of low emission 

technologies, is necessary to achieve a reduction in air pollution levels 

in this region. Additionally, our measurement showed that the site 

without nearby sources, such as Plesná, can be significantly influenced 
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and threatened by regional pollution transport and at the same time the 

pollutant concentrations may exceed those in an industrial site. 

4.3. Inter-comparison of four different cascade impactors (Article 4) 

 The employed impactors were: Berner low-pressure impactor 

(BLPI; 26 nm – 13.5 μm; considered as the internal reference sampler), 

nano-Berner low-pressure impactor (nano-BLPI; 11 nm – 1.95 μm) and 

Nano-microorifice uniform deposit impactor (nano-Moudi; 10 nm – 18 

μm), and Personal cascade impactor Sioutas (PCIS; < 250 nm – 10 μm; 

employed only in Prague). The outdoor and indoor measurement 

campaigns were performed in Prague during winter and an outdoor in 

Barcelona during summer. The ion composition was assessed for all 

Prague samples except for PCIS samples. 

 The main findings from the study are following: 

 Taking the BLPI as an internal reference, the best agreement 

regarding mass size distributions was obtained with the nano-BLPI 

indoors and outdoors, regardless of the aerosol load and aerosol 

chemical composition. 

 The nano-Moudi showed a good agreement in mass size distribution 

for particle sizes dae > 320 nm, whereas for particle dae < 320 nm this 

instrument recorded larger mass concentrations than the internal 

reference in outdoor air, especially in Prague. This difference could 

be due to particle bounce, the dissociation of semi-volatiles in the 

coarser stages and/or to particle shrinkage during transport through 

the impactor due to higher temperature inside this impactor. 

 With regard to the comparison of individual PM fractions (PM0.25, 

PM1, PM2, and PM10), nano-BLPI showed good agreement with the 

internal reference in Prague outdoor winter campaign. Whereas 

nano-Moudi consistently measured lower concentrations of PM1, 

PM2, and PM10 and significantly higher for PM0.25. The PCIS size-

resolved mass concentrations were comparable with other impactors 

for PM1, PM2, and PM10, but the cut-off at dae = 250 nm did not seem 

to be consistent with that of the internal reference. This could be 

caused by different pressure drop across the impactor stages 

originating from different construction of the impactor. The higher 

pressure drop may increase the volatility of semi-volatile compounds 

during prolonged sampling. 
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 The differences between PM fractions were much less significant in 

Barcelona during summer and Prague indoor campaign (except for 

PM0.25 measured by PCIS). 

 Outdoors, the fine mode was dominant whereas the coarse mode was 

mostly insignificant in Prague during winter. Otherwise it was in 

Barcelona during summer, where the mass size distribution was 

clearly bimodal with larger coarse mode due to the mineral and 

marine aerosol contribution. 

 Indoors, nano-BLPI measured similar size-resolved mass 

concentrations as well PCIS (except for PM0.25 measured by PCIS) 

while the nano-Moudi recorded lower mass for particles with dae > 

about 160 nm. The mechanism of the nano-Moudi (spreading the 

samples using rotating plates) and the increase in temperature both 

indoors and inside the nano-Moudi shell could enhance evaporation 

from the nano-Moudi PTFE substrate. This statement was supported 

by ion analysis. Significantly lower mass concentrations of major 

ions (ammonium nitrate) were determined with the nano-Moudi 

compared to the internal reference. 

 To briefly conclude, the good agreement with the internal 

reference (BLPI) was observed for nano-BLPI, nano-Moudi (except for 

particles < 320 nm of dae), and PCIS (except for PM0.25). The highest 

differences among the impactors were observed during Prague outdoor 

winter campaign. This study concludes that comparability between the 

different types of impactors assessed was dependent on particle size. 

Specifically, the influence of the differences in impactor construction 

(number of jets, flow, vapour pressure, etc.) on UFP mass 

concentrations should be further addressed. 

4.4. Case study in the small settlement (Article 5) 

 Outdoor and indoor mass concentrations of size-resolved PM 

(PM0.25, PM0.25-0.5, PM0.5-1, PM1-2.5, and PM>2.5) were monitored by a 

cascade impactor (PCIS) during three heating/winter (20.2. – 1.3.2009, 

19.11. – 28.11.2009, and 31.1. – 9.2.2010) and two non-

heating/summer (12.6. – 21.6.2009 and 28.7. – 6.8.2009) seasons in a 

village Svrčovec situated in southwest Bohemia (Pilsen Region). Online 

concentrations of PM2.5 were measured in parallel by a photometer 

DustTrak to monitor their dynamic during day. PM10 concentrations in 

the nearby town were obtained from CHMI. Meteorological parameters 
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(T, RH, WS, WD, precipitation and sun radiation) were monitored as 

well. The presence of people and their activities in the house were 

recorded in a diary. 

 The main findings are summarised in the subsequent list: 

 The summer average PM10 concentrations in the village were 

significantly lower (15.5 μg m
-3

) than the winter PM10 concentrations 

(31.1 μg m
-3

). 

 Regarding ambient PM levels, the highest PM10 and PM2.5 

concentrations were recorded during low temperature and low WS 

periods. The PM10 concentrations in the village strongly correlated 

with those from the nearest town during the winter season (rs = 0.92). 

The correlation dropped to rs = 0.67 during the summer. Analysis of 

WD showed that the town emissions affected the village PM levels 

only exceptionally whereas specific source of the coarse PM 

(a quarry) influenced the village more significantly. 

 The average indoor concentration (PM10 and PM2.5) was lower in the 

summer (9.6 μg m
-3

 and 8.3 μg m
-3

, respectively) than in the winter 

season (24.0 μg m
-3

 and 20.7 μg m
-3

, respectively). The presence of 

people indoors resulted in higher indoor PM2.5 concentrations than 

outdoors with Indoor to Outdoor (I/O) ratio = 1.41. In the absence of 

people, the PM2.5 concentrations as well as the I/O ratio (0.55) 

dropped down. Presence of people caused the increase in 

concentrations of quasi-ultrafine particles (dae < 0.25 µm) 

presumably due to heating and coarse particles (dae = 10-2.5 µm) due 

to resuspension. 

 PCA showed six components (coefficient of determination, R
2
 = 

84%; explained variability of the dataset) and indoor and outdoor 

sources were the most dominant. 

 We conclude that the major source of pollution in the village 

was local residential heating. In addition, the certain influence of the 

specific source of the coarse fraction was observed. According to our 

findings, low air quality level in small settlements is still topical, 

especially in winter seasons. Use of solid fuels for residential heating 

results in air pollution level which is comparable to that in towns and 

cities. The worsened dispersion conditions in the ground layer of 

troposphere for several days usually allow the pollution to rise. 
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