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Abstract
The particle size distribution in the fraction PM10 was determined by the electric low-pressure impactor ELPI+. Particles were divided 
into 14 classes in the range from 17 nm to 10 µm. The particle distribution was analysed during summer, autumn and winter peri-
ods of 2014 at the 10 sampling sites in the Moravian-Silesian Region, the Czech Republic. The highest particle concentrations were 
determined in the interval from 156 to 383 nm as well as in the wider interval up to 614 nm for all three seasons. More than 50% 
of the total particle amount occur in this interval except the locality Ostrava Radvanice, Ostrava Marianské Hory, Ostrava Poruba 
and Ostravice during the summer and Ostrava Marianské Hory during the transitional and winter season. During the summer, the 
distribution of the mass concentration of particles was very variable (bimodal for three localities, no significant peak for two localities, 
multimodal for four localities and unimodal for one locality). Seven in ten sampling sites has the bimodal distribution character of 
particle concentrations during transitional season, except for Ostrava–Poruba, Ostrava Marianské Hory and Třinec Oldřichovice. 
It was related to a resuspension of particles from soil or dust particles from transport. A second maximum is less distinctive and it 
occurs in the coarse fraction 2.39–4.0 µm. Entirely different character of particle distribution was determined in winter season when 
sampling sites had unimodal character of particle distribution. The bimodal distribution character was found for the locality Frýdek 
Místek and atypical character of particle distribution was confirmed for the locality Ostrava Marianské Hory (without trend). The 
unimodal character of particle distribution with maximum in the range from 156 to 263 nm is related to the prevailing chemical 
character of particles belonging to secondary aerosols (mascagnite, sal ammoniac, boussingaultite etc.).
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Introduction
Dust particles in the air can have a significant 

impact on human health. The degree of influence 
is connected partly with a particle size distribution 
contained in PM10 and their ability to penetrate 
into the body, and it also creates an environment for 
the adsorption of toxic and carcinogenic substanc-
es (Chung et al., 2008). Dust particles are divided 
according to the size into super coarse particles (> 
10 μm), coarse particles (2.5–10 μm), accumula-
tion mode particles (0.1 to 2.5 μm), Aitken mode 
- ultrafine particles (10 to 100 nm, they are affect-
ed by condensation and coagulation processes and
occur mainly in the areas of vehicular traffic) and
nucleation mode particles (15–40 nm) arising due
to condensation and nucleation processes (Hsieh et
al., 2009). Ultrafine particles originate from com-
bustion, high-temperature processes and as a prod-
uct of atmospheric reactions. Coarse particles are
produced by the resuspension of dust (road dust
and particles released by the weathering of soil),

construction and demolition work, combustion and 
biogenic sources (Amann et al., 2006).

The percentage of dust particles in the individu-
al particle size classes differs significantly depend-
ing on their origin and chemical composition. Total 
suspended particles (TSP) include particles PM10 
70–86%, PM2.5 50–70%, and PM1 53% (Alastuey 
et al., 2004; Keywood, et al., 1999). Particles PM2.5 
represent 70–90% of particles PM10, and PM1 parti-
cles represent 50–80% of PM10 (Ny and Lee, 2010; 
Keywood et al., 1999), PM1 accounts for 72% of 
PM2.5 (Keywood et al., 1999). Air pollution caused 
by dust particles (PM10) in the Czech Republic is a 
major problem, especially in the Moravian-Silesian 
Region. The aim of the article is to determine the 
relationship between the particle size distributions 
depending on the season.

Methods and sampling
For the collection of dust particles, the electri-

cal low pressure impactor ELPI+ (Dekati), which 
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measures the particle size distribution in real time. 
ELPI+ captures particles from 17 nm to 10 microns 
(Lamminen, 2011; Roth et al., 2008). Particles en-
tering the ELPI+ units are first electrically charged 
on the basis of the aerodynamic diameter, and sub-
sequently, they are sorted in the individual stages 
of the impactor, while the induced currents are re-
corded (Coudray et al., 2009). Dust particles were 
collected in three stages during 2014. The first stage 
took place during the summer season (9 June to 22 
August), the second stage in the transitional season 
(25 August to 29 October), and the third stage in 
the winter (13 November until 19 December) at 10 
selected locations with the Moravian-Silesian Re-
gion (Figure 1). The localities were divided into 4 
groups based on the mineralogical analysis of the 
total dust deposition (the content of hematite and 
magnetite). Distribution of the localities:

I. Localities significantly affected by the metal-
lurgical industry – 1, 2 and 3

II. Localities affected by the metallurgical in-
dustry – 4, 5 and 6

III. Localities less significantly affected by the 
metallurgical industry – 7 and 8

IV. Localities not significantly affected by the 
metallurgical industry – 9 and 10

Sampling of dust particles was carried out on a 
polycarbonate film which was always weighed on 
ultra-microbalance XP6U/M (Mettler Toledo) be-
fore and after sampling.

Results and discussion
PM10 concentration range, the mean value and 

the standard deviation for the groups of localities 
is listed in Table 1. During the summer, the high-
est average PM10 concentrations were observed 
for the localities affected by the metallurgical in-
dustry, with an average value of 14.3 μg/m3. The 
lowest average PM10 concentrations in the summer 
were found in localities not affected by the metal-
lurgical industry (6.23 μg/m3), but on the contrary, 
during the transitional period, the highest average 
PM10 concentrations (24.1 μg/m3) were found at 
these sites. The difference in the concentration is 
likely to be influenced by the contribution of lo-
cal heating, which begins in this period. The low-
est average PM10 concentrations were measured 
in a group of localities significantly affected by 
the metallurgical industry during the transition 
period. At the time of sampling, above the aver-
age high temperature was measured in these lo-
calities for this period. The resulting PM concen-
trations were not influenced by local heating of 
households. During the winter, high value of the 
average concentration for the group of localities 
significantly affected by the metallurgical industry 
(66.4 μg/m3) was found. During sampling in the 
localities of Třinec and Třinec Oldřichovice there 
was an inversion.

Particle size distribution for 10 sampling sites 
during three distinguished seasons is illustrated in 
Figure 2. During the summer, the distribution of 
the mass concentration of particles was very vari-
able. Pronounced bimodal nature in the coarse-
grained class (about 4 μm) was demonstrated in 
the localities: Frýdek Místek, Karviná and Třinec. 

Fig. 1. Sampling sites: Ostrava Radvanice (1), Třinec (2), Třinec Oldřichovice (3), Ostrava Mariánské Hory (4), 
Havířov (5), Frýdek Místek (6), Karviná (7), Ostravice (8), Ostrava Poruba (9), Hradec nad Moravicí (10)
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In the localities of Třinec Oldřichovice and Hradec 
nad Moravicí, there were no significant peak con-
centrations of particles in the fine-grained class. 
The localities of Ostrava Radvanice and Ostrava 
Marianské Hory, Ostrava Poruba and Ostravice 
reflected the multimodal character of the size dis-
tribution in the particle size classes. Unimodal 
character of the distribution of particles was only 
shown in Havířov.

During the transitional seasons, in seven of the 
ten localities, bimodal distribution of the mass 
concentration of PM was identified. The main 
peak in all 7 locations ranges from 156 to 614 nm 
(more than 50% of the particles can be found is in 
this range), and the second, less significant peak is 
represented by coarse particles ranging from 2.39 
to 4 μm (7–15%). The highest concentration of 
particles for 7 locations is found in the class 263 
to 383 nm. The locality of Ostrava Poruba is char-
acterized by tri-modal data layout with the main 
peaks in the range 156 to 263 nm (18% of the total 
number of particles) and 383–614 nm (17%) and 
the third peak for the size of 4 μm (5%). The lo-
cality of Ostrava Marianské Hory is characterized 
by multimodal particle distribution, and for the lo-
cality of Třinec Oldřichovice, no significant con-
centration in any particle size class was detected.

During the winter season, eight of the ten sites 
showed a significant unimodal distribution of mass 
concentration of particulate matter with a peak in 
the range of 263–949 nm. The unimodal distribu-
tion of particles was found in Frýdek Místek and 
Ostrava Marianské Hory. In the interval from 263 

to 949 nm, more than 54% of the total amount of 
particles are present. The highest concentration of 
particles in the class 263–383 nm was found in the 
locality of Havířov, Karviná, Ostravice, Ostrava 
Poruba, and Hradec nad Moravicí. In the localities 
of Ostrava Radvanice, Třinec, and Třinec - Old-
řichovice, the highest concentration of particles 
was detected in the class from 383 to 614 nm. The 
locality of Ostrava Marianské Hory and shows no 
trend, and in the locality of Frýdek Místek, a sig-
nificant bimodal character of particle size distri-
bution with peaks in the class of 156–263 nm and 
363–614 nm was found. 

Similar results were also found for the Polish 
city of Zabrze during the winter and summer sam-
pling campaign in 2007. During the summer, the 
distribution of PM concentrations was tri-modal 
with the main peak in the range of 0.26 to 0.65 μm 
(33% of the total number of particles), the second 
peak in the range of 2.5–4.4 μm (19%) and the 
third peak of 10 μm (13%). The winter sampling 
demonstrated unimodal distribution of concen-
trations with a peak concentration in the range of 
0.17–1 μm, in which 74% of the total particles oc-
cur (Rogula-Kozłowska et al., 2012).

The distribution of particles into the individ-
ual particle size classes does not always show 
the same dependence within the monitored peri-
od. Only in 2 localities of Karviná and Ostravice, 
maximum concentrations of particles in the parti-
cle size class of 263 to 383 nm was demonstrated 
over the entire period. Other sites may be affected 
by various factors (pollution source, long-distance 

Tab. 1. PM10 concentrations in μg/m3 for different seasons and localities affected by the metallurgical industry
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transport, climatic conditions, etc.). The results of 
the particle distribution in the transitional period 
and in the winter period indicate that combustion 
processes result in the presence of particles of a 
size from 263 to 383 nm (60% of the measurement 
of the winter and intermediate season). The par-
ticle size class of 400 to 650 nm is characterized 
by the highest concentration of sulphates, nitrates, 
chlorides, and ammonium ions, in the particle size 
class of 200 to 400 nm, a concentration of nitrates 
is lower (Rogula-Kozlowska et al., 2013). 

Conclusions 
In the winter period, unimodal distribution of 

dust particles was demonstrated with a maximum 
in the class of 263–614 nm. In five localities, the 
maximum concentration of particles was found in 
the class of 263–383 nm, and in 3 localities sig-
nificantly affected by the metallurgical industry 
(Ostrava Radvanice, Třinec, Třinec Oldřichovice), 
the highest concentration was found in the class 
of 383–614 nm. During the transition period, 7 of 
10 localities showed the highest concentration of 

particles in the class of 263–383 nm. Seven locali-
ties showed a bimodal distribution of particle con-
centrations with a significant proportion of coarser 
particles (about 4 μm), which accounted for up to 
15% of PM10. In the summer period, the particle 
size distribution showed the highest variability in 
the particle size classes. Some localities appeared 
to have no significant maximum concentration for 
one particle size class, somewhere multimodal 
character prevailed. Only two locations (Karviná 
and Ostravice) showed the same maximum of the 
concentration of particles during all three sampled 
periods in class 263–383 nm. No relationship be-
tween particle size distribution and pollution that 
comes from the metallurgical industry was proven. 
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Fig. 2. Concentration of particles in the particle size classes for 10 localities 
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