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Abstract: Krakow is a city where, due to mostly so-called low-stack emissions and intensified traffic, air
dustiness continues to increase and often, especially in winter, the threshold values of dustiness are exceeded.
Air dustiness increases the number of airborne microorganisms, as they are associated with particles of dust to
form bioaerosols. Actinomycetes are one of the most significant components of bioaerosol. Their presence in
bioaerosol is dangerous to human health, since even very low concentrations of these microorganisms can
cause allergic reactions.

The aim of this study was to verify the relationship between the concentration of actinomycetes in the air
of Krakow depending on spatial variation of thermal conditions and the degree of air dustiness. The study was
conducted using a cascade impactor for bioaerosol particle separation, including the respirable fraction.
Moreover, the measurements of air dustiness were performed simultaneously, separating 4 dust fractions. The
research was conducted over 12 months (full calendar year) and the measurements were performed once per
month, within one day, at 16 research sites.

The lowest average numbers of actinomycetes were recorded in places characterized by little urban green
space (eg Main Square or crossroads). On the other hand, the highest numbers were found in green areas (eg

Blonia Park meadows, green area at the Krakow University of Technology).
Based on the normative classification of air quality (Polish Standard PN-89/Z-04111/02) the number of

actinomycetes in 75 % measurements showed that the air was polluted, including heavily polluted air in 16 %
measurements.

The most common actinomycetes belonged to the genus Streptomyces (St. albus, St. badius, St.

globisporus).

Keywords: actinomycetes, bioaerosol, air dustiness, Krakow

Actinomycetes acquired the unique ability to colonize the so-called solid surfaces.
They can survive on rocks, plants, animals, clothing, food and other bare surfaces. This
is due to the properties of their spores, which are resistant to long periods of drying and
capable of survival at low moisture content of the substrate on which they grow [1].
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Actinomycetes are one of the important components of bioaerosol. Actinomycetes,
mostly in the form of spores, have been identified in the air for a few decades. Until
now, the mechanism of their release into the atmosphere has not been fully understood.
It is suggested that they can be released into the air as a result of mechanical damage to
surface on which they grow, eg during agrotechnical operations or strong wind they can
be raised from soil surface, in which they develop extensively. Due to their smaller size,
it is more difficult for actinomycete spores to transform into bioaerosol phase than for
fungal spores [1, 2].

The share of actinomycete spores significantly increases in the bioaerosol fraction
below 3.3 �m [3].

The airborne spores of at least several actinomycete species (eg Streptomyces

albus) have proven their allergic effects. Research has shown that actinomycete
spores stimulate macrophages in the lungs, resulting in inflammation and tissue damage
[4, 5].

Dusts have also a large share in atmospheric pollution. They originate in the
processes of combustion of solid fuels (municipal and household sector), liquid fuels
(car engines), in industrial processes and in natural phenomena (eg volcanic eruptions).
Dust particles with a diameter below 10 micrometers are considered as one of the most
toxic components of air; therefore in the European Union dust PM 10 is currently the
primary indicator of air quality [6].

Krakow is a city, where due to mostly so-called low-stack emissions and intensified
traffic, air dustiness continues to increase and often, especially in winter, the threshold
values of dustiness are exceeded. Air dustiness stimulates the increase in the number
of airborne microorganisms, since they associate with dust particles to form bio-
aerosol [7].

The aim of this study was to verify the relationship between the concentration of
airborne actinomycetes in Krakow, spatial variability of thermal conditions and the air
dustiness level.

Material and methods

The study was conducted over 12 months (full calendar year) during the period from
March 2010 to February 2011 in order to detect both the changes in temperature and in
the quantitative and qualitative composition of microflora between the seasons of the
year – once per month, during one day, at 16 research sites. At the same time, dustiness
and microclimatic parameters (temperature, atmospheric pressure, wind energy, relative
humidity) were measured at the designated sites to correlate all measured values.

The research sites were selected based on the deviations from the mean annual
temperature in Krakow, including:

– 7 sites characterized with temperatures below the average temperature in Krakow,
– 7 sites, where the temperature is above the average,
– 2 sites, which the results from the above-mentioned sites were related to: the first

one, with the temperature equal to the average recorded in Krakow and the second one:
control site outside Krakow (Table 1).
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Table 1

Comparison of research sites

Control site (outside Krakow) (C)

C Control site Libertow – 400 m from the “Zakopianka” road – above the basin, where Krakow is
located

The research sites with temperatures below the average temperature in Krakow (B1–B7)

B1 The Kosciuszko Mount – at the top of the Mount

B2 The Krakus Mount – at the top of the Mount

B3 The Nowa Huta Centre of Culture

B4 Blonia Park – in the middle of Blonia Park

B5 Vistula Czerwienski Boulevard – next to the Wawel Dragon

B6 Water reservoir in Nowa Huta – Bulwarowa Street

B7 Botanical Garden – Kopernika Street

The research site in which temperature is equal to the average temperature in Krakow (AVG)

AVG The School of Sports Championship area

The research sites with temperatures above the average temperature in Krakow (A1–A7)

A1 Krakow University of Technology, Jan Pawe³ II Street – by the new building

A2 Nearby the crossing with Fabryczna Street

A3 The Teatralne Estate in Nowa Huta – behind the building of The Ludowy Theatre at Obroncow
Krzyza Street

A4 Main Market Square – nearby the Town Hall Tower

A5 Mickiewicza Avenue – between the University of Agriculture and the AGH – University
of Science and Technology

A6 ArcelorMittal Poland – Ujastek Street – in front of the administrative building

A7 ArcelorMittal Poland – Igolomska Street, nearby the crossing with Dymarek Street

The air samples were collected using a 6-stage Graseby-Andersen impactor.
Application of this instrument allowed for the separation of the examined bioaerosol
particles depending on their aerodynamic diameters into fractions: over 7.0 �m,
7.0–4.7 �m, 4.7–3.3 �m, 3.3–2.1 �m, 2.1–1.1 �m, and 1.1–0.65 �m. The term
respirable fraction means the total number of bacteria from fractions below 4.7 �m
[8, 9]. The sampling lasted 5 minutes; the air flow through the impactor was 28.3 dm3

per minute. The Gauze’s medium was applied and the incubation was carried out for 7
days at 28 oC to isolate actinomycetes. Dustiness and microclimatic parameters were
measured simultaneously to correlate the measured values. Dust concentration measure-
ments were performed with a DustTrak II Aerosol Monitor 8530 (TSI Inc.) which
operates based on laser photometry (measurement time is 60 seconds – for each
fraction). In this research project, the dust concentration was measured simultaneously
for 4 dust fractions: PM10, PM4, PM2,5 and PM1. The PM10 dust is composed of solid
and liquid particles suspended in the air, both of organic and inorganic substances. The
suspended dust may contain toxic substances, such as policyclic aromatic hydrocarbons
(eg benzo-�-pyrene), heavy metals, dioxins and furanes as well as microorganisms
deposited on solid and liquid particles. Dust measured as PM4 is the fraction of
respirable dust, which corresponds to the respirable fraction with the aerodynamic
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diameter below 4.7 �m measured using a cascade impactor. Kestrel 4000 Pocket
Weather Meter (Nielsen-Kellerman) was applied to determine the microclimatic
parameters (temperature, wind energy and relative humidity).

The correlation between the examined factors was analyzed using Statistica 9.1
software.

Results and discussion

Actinomycetes form a group of microorganisms, which normally occurs in the air in
much lower concentrations than bacteria and fungi, but their comparable quantities can
cause much more serious health effects. The number of actinomycetes was 20 % higher
at a control site outside than within Krakow. The average actinomycete bioaerosol
concentration at the sites with temperature below the mean (indicated in Table 1 as B)
was 66 CFU � m–3, at the control site (marked as C) located outside Krakow it was 61
CFU � m–3, at the site with average temperature (AVG) – 60 CFU � m–3 and at the sites
with temperature above the average (A) – 56 CFU � m–3. If assumed that B equals
100 %, the percentages amount to: C – AVG – A: 92.5 % – 90.9 % – 84.8 %,
respectively. This means that the numbers of this microbial group were about 15 %
lower at the sites with temperature above the average (Table 2).

Table 2

Comparison of minimum, maximum, average and total numbers of actinomycetes [CFU � m–3]

Research site Minimum Mean Maximum The sum of annual measurements

C 0 61 212 733

B1 14 72 488 858

B2 0 51 127 616

B3 0 66 262 787

B4 9 99 665 1193

B5 0 49 290 583

B6 0 63 219 760

B7 0 86 361 1037

Mean from B1–B7 66

AVG 0 60 290 718

A1 18 110 431 1322

A2 0 26 64 316

A3 7 62 290 742

A4 7 32 99 385

A5 0 41 177 495

A6 0 64 332 768

A7 0 57 375 689

Mean from A1–A7 56
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The lowest average numbers of actinomycetes were recorded in places characterized
by little urban green space (eg Main Square or crossroads). On the other hand, the
highest numbers were found in green areas (eg Blonia Park meadows, green area by the
Krakow University of Technology) (Table 2).

Regarding the classification of air quality based on the Polish Standard PN-89/
Z-04111/02 (Table 3) the number of actinomycetes exceeded the admissible values in
144 of 192 conducted measurements, which constitutes 75 %, of samples which were
considered to be polluted, including 16 % of the measurements, when the air was
heavily polluted.

Table 4

Average number of actinomycetes in different seasons of the year [CFU � m–3]

Research
site

Spring Summer Autumn Winter

C 9 16 13 3

B1 4 33 7 4

B2 9 14 7 4

B3 7 23 10 4

B4 3 54 5 5

B5 7 20 2 2

B6 2 27 11 2

B7 5 48 0 5

AVG 2 23 10 6

A1 10 54 5 5

A2 3 9 2 4

A3 6 22 9 3

A4 3 9 5 5

A5 2 19 5 3

A6 2 34 5 1

A7 9 22 2 5

Average for research sites B1–B7+A1–A7+AVG 5 27 6 4

Table 5

Percentage of fractions, including the respirable fraction of actinomycetes

Fraction [�m]
The sum of microorganisms from all research sites

and year-long measurements [CFU � m–3]
% share of fraction

0.65–1.1 561 4.7

1.1–2.1 1055 8.8

2.1–3.3 2302 19.2

3.3–4.7 3360 28.0

4.7–7.0 3116 26.0

> 7.0 1608 13.4

Share of the respirable fraction 60.6
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Considering seasons, the average numbers of actinomycetes (Table 4) at the research
sites (B1–B7, AVG and A1–A7) rank in the following order: summer (27 CFU � m– 3),
autumn (6 CFU � m–3), spring (5 CFU � m–3) and winter (4 CFU � m–3).

Table 5 presents total numbers of actinomycetes measured during the year at all
research sites to estimate the shares of different bioaerosol fractions. The fraction with
the smallest aerodynamic diameter (0.65–1.1 �m) took the lowest share – 4.7 %, while
the fraction with the greatest diameter (3.3–4.7 �m) – 28 %. The share of the respirable
fraction of actinomycetes was 60.6 %.

A total of 40 strains were isolated, which were subsequently classified into 2 genera
– the vast majority of species belonged to the genus Streptomyces. Within the genus
Streptomyces the isolates were classified into 12 species. The most frequently occurring
species were: Streptomyces albus, St. badius and St. globisporus. Strains of the genus
Streptosporangium could not be assigned to any of the species (Table 6).

A strong correlation was found between temperature and the abundance of
actinomycetes from the fraction 2.1–7.0 �m. On the other hand, there was a negative
correlation between air humidity and all actinomycete fractions above 1.1 �m. A
statistically significant correlation was observed between dust fractions PM2.5 and PM1
and bioaerosol forming actinomycete fractions from 2.1 to 7.0 �m (Table 7).

Table 7

Correlations between the number of actinomycetes and microclimatic factors and dust concentration

Factors
Actinomycetes – fractions

>7.0 4.7–7 3.3–4.7 2.1–3.3 1.1–2.1 0.65–1.1

Air temperature –0.22 –0.49 –0.46 –0.45 –0.35 –0.11

Relative humidity –0.18 –0.43 –0.44 –0.43 –0.32 –0.01

Wind energy –0.06 –0.09 –0.11 –0.07 –0.05 –0.04

Dust – fraction PM10 –0.05 –0.09 –0.15 –0.07 –0.03 –0.11

Dust – fraction PM4 –0.10 –0.07 –0.12 –0.06 –0.00 –0.09

Dust – fraction PM2.5 –0.07 –0.18 –0.24 –0.15 –0.02 –0.14

Dust – fraction PM1 –0.08 –0.14 –0.18 –0.17 –0.02 –0.13

Legend: bolded – results significant at p < 0.01.

Conclusions

Based on the year-long study, conducted from March 2010 to February 2011 at 15
research sites in Krakow and one control site outside Krakow, the following conclusions
may be drawn:

1. Based on the normative classification of air quality (Polish Standard PN-89/
Z-04111/02) the number of actinomycetes showed that the air was polluted in 75 % of
measurements, 16 % measurements, when heavy pollution of the air was detected.

2. Particles of the respirable fraction – with the aerodynamic diameter in the range
3.3–4.7 �m represented the most numerous group, the share of fraction 2.1–3.3 �m was
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less numerous. The smallest number of microorganisms was detected in the extreme
fractions (below 1.1 �m and above 7 �m).

3. The following statistically significant correlations were found:
– positive between temperature and the number of actinomycetes,
– negative between the number of actinomycetes and air humidity,
– positive between actinomycetes from the fractions 2.1–7 �m and dust with the

diameter below 2.5 �m (PM2.5 and PM1).
4. Actinomycetes of the genus Streptomyces were most frequently observed (St.

albus, St. badius, St. globisporus).
5. Green urban spaces nearby the Krakow University of Technology and at the

Kosciuszko Mount were most heavily contaminated with actinomycete spores.
6. Significant differences in microbial numbers were recorded between research sites

with low and high average air temperature. There was a negative correlation between
actinomycete numbers and the average air temperature – in “cold” locations (B) the
numbers of these microorganisms was from 13 to 15 % higher than in other sites.
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PROMIENIOWCE TWORZ¥CE BIOAEROZOL W WYBRANYCH MIEJSCACH KRAKOWA

Katedra Mikrobiologii
Uniwersytet Rolniczy im. Hugona Ko³³¹taja w Krakowie

Abstrakt: Kraków jest miastem, w którym g³ównie na skutek tzw. niskiej emisji oraz wzmo¿onego ruchu
ko³owego zapylenie powietrza wci¹¿ wzrasta i nierzadko szczególnie w okresie zimowym s¹ przekraczane
progowe wartoœci zapylenia. Zapylenie powietrza wp³ywa na zwiêkszenie siê iloœci drobnoustrojów
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w powietrzu, gdy¿ te ostatnie wi¹¿¹ siê z cz¹stkami py³ów, tworz¹c bioaerozol. Jednym z wa¿nych sk³adni-
ków bioaerozolu s¹ promieniowce. Ich obecnoœæ w bioaerozolu jest groŸna dla zdrowia ludzkiego, gdy¿ nawet
ich bardzo niskie stê¿enia mog¹ dzia³aæ alergizuj¹co.

Celem niniejszych badañ by³a weryfikacja zale¿noœci pomiêdzy stê¿eniem promieniowców w powietrzu
na obszarze Krakowa, przestrzennym zró¿nicowaniem stosunków termicznych oraz stopniem zapylenia
powietrza.

Do badañ u¿yto impaktora kaskadowego w celu uzyskania rozdzia³u cz¹stek bioaerozolu, w tym frakcji
respirabilnej. Jednoczeœnie wykonywane by³y pomiary stopnia zapylenia z podzia³em na 4 frakcje. Badania
by³y wykonywane przez 12 miesiêcy (pe³en rok kalendarzowy), raz w miesi¹cu, w ci¹gu jednego dnia, na 16
stanowiskach pomiarowych.

Najni¿sze œrednie liczebnoœci promieniowców notowano w miejscach, gdzie jest ma³o zieleni (np. Rynek
G³ówny, czy te¿ skrzy¿owanie ulic). Najwy¿sze liczebnoœci stwierdzono na terenach zielonych (np. B³onia,
teren zielony przy Politechnice Krakowskiej).

Promieniowce zgodnie z klasyfikacj¹ jakoœci powietrza atmosferycznego (Polska Norma PN-89/Z-04111/
02) powodowa³y, ¿e w przypadku 75 % wykonanych pomiarów powietrze by³o zanieczyszczone, w tym silnie
zanieczyszczone dla 16 % pomiarów.

Najczêœciej stwierdzano wystêpowanie promieniowców z rodzaju Streptomyces (St. albus, St. badius, St.

globisporus).

S³owa kluczowe: promieniowce, bioaerozol, zapylenie, Kraków
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