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Abstract

Introduction: Microorganisms live in most environments, and one of the most common is air. Bacteria, viruses, and fungi 
occur as bioaerosols, which allows them to spread. Airborne bacteria are potentially pathogenic, especially in areas densely 
populated by people.
Aim of the research: To analyse the microbiological air pollution in different public places – busy streets, a city park, a cin-
ema, and a pharmacy, in Kielce, during autumn and winter.
Material and methods: The total number of bacteria was estimated based on the sedimentation method. The microbio-
logical condition of air was compared to the standardised Polish norm. Additionally, the macroscopic (bacterial colony) and 
microscopic (Gram-stained bacterial cells) methods were used for bacterial differentiation.
Results: Most of the air samples did not exhibit contamination, although the detected cases of significant microbiological 
pollution do pose a threat to public health. The air on the streets revealed the highest microbial contamination, and the 
lowest levels of microbes were found in the park. The influence of temperature and population density on the bacterial 
prevalence in the air has been proven. Despite low air temperatures, the amount of bacteria in most cases was close to the 
average pollution level. It was also observed that in the pharmacy, the glass separating customers and staff did not reduce the 
number of bacteria on either side. 
Conclusions: Special attention should be paid to places that can significantly influence the spread of pathogens due to large 
population (e.g. a cinema) or the presence of sick people (e.g. a pharmacy). Air should be monitored in such places.

Streszczenie

Wprowadzenie: Mikroorganizmy stwierdza się w prawie każdym środowisku, szczególnie powszechnie w powietrzu. Bak-
terie, wirusy i grzyby występują w postaci bioaerozoli, co pozwala im się przemieszczać. Bakterie przenoszone przez powie-
trze mogą należeć do patogennych grup, zwłaszcza w miejscach często uczęszczanych przez ludzi.
Cel pracy: Analiza mikrobiologicznego zanieczyszczenia powietrza w różnych miejscach publicznych, takich jak ruchliwe 
ulice, park miejski, kino i apteka.
Materiał i metody: Ogólną liczbę bakterii określono metodą sedymentacji. Stan mikrobiologiczny powietrza porównano 
z normą polską. Dodatkowo do różnicowania bakterii zastosowano metody makroskopowe (obserwacja kolonii bakterii) 
i mikroskopowe (obserwacja komórek bakterii wybarwionych metodą Grama).
Wyniki: W większości próbek powietrza nie stwierdzono zanieczyszczenia, chociaż wykryte przypadki znacznego zanie-
czyszczenia mikrobiologicznego stanowią zagrożenie dla zdrowia publicznego. W powietrzu na ulicach odnotowano naj-
wyższy poziom zanieczyszczenia mikrobiologicznego, najmniej drobnoustrojów występowało w parku. Dodatkowo wyka-
zano wpływ temperatury i zaludnienia na występowanie bakterii w powietrzu. Mimo niskich temperatur powietrza liczba 
bakterii w większości przypadków była bliska średniego poziomu. Zaobserwowano również, że w aptece szyba dzieląca 
klientów i personel nie wpływa na zmniejszenie liczebności bakterii po obu stronach. 
Wnioski: Należy zwrócić szczególną uwagę na miejsca, które mogą znacznie wpływać na rozprzestrzenianie się patogenów 
ze względu na duże zaludnienie (np. kino) lub obecność osób chorych (apteka). W takich miejscach powietrze powinno być 
monitorowane.
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Introduction

Natural air pollutants such as fungi, bacteria, and 
viruses are ubiquitous in the environment. The con-
tamination of air depends on many various factors, for 
example the density of population, industrialisation of 
a given area, and fertilisation of surrounding soils. The 
presence of microorganisms in the air also depends on 
climatic conditions, such as temperature, humidity, 
precipitation, and wind. Due to the unstable and abi-
otic parameters, the air is only a transmission path for 
microorganisms [1–4]. They can be spread by natural 
air movements, winds, rainfall, animal’s and human’s 
activities [1, 5–7]. Bacteria adapted to air spreading 
have specific properties such as an optimal shape and 
size of the cells, the ability to form spores, metabolic 
properties, the ability to form biofilm, and pigment 
production [8]. Bioaerosols are the primary pathway of 
microorganisms spread in the environment. Bioaero-
sols are defined as airborne particles of biological ori-
gin such as bacteria, viruses, fungi, and their fragments 
like DNA or metabolites (endotoxin and mycotoxin). It 
is obvious that microparticles contained in bioaerosols 
may cause serious diseases like allergy, toxic reactions, 
and infections [9]. Most bioaerosols are non-pathogen-
ic and only cause infections or illness in people with 
impaired or susceptible immune systems [10]. Micro-
organisms are ubiquitous in the atmosphere, and their 
concentrations typically range from 104 to 106 cells/m3. 
The amount of bacteria in the air may be far higher in 
proximity to point sources like wastewater treatment 
plants, fertilised fields, and farms [11]. Within bioaero-
sols the most common microorganisms are saprophyt-
ic bacteria: Micrococcus spp., Achromobacter spp., and 
Bacillus spp. However, pathogenic bacteria like Klebsi-
ella pneumoniae, Pseudomonas aeruginosa, Mycobacterium 
tuberculosis, Legionella pnaumophila, Pseudomonas putida, 
and Proteus vulgaris may occur in bioaerosols [12–16]. 
Micromolecules of bioaerosol can be easily inhaled to 
the respiratory tract and cause a number of health com-
plications; therefore, air contamination monitoring 
should be under the scope of epidemiological studies 
and public health [17]. 

Aim of the research
The aim of this study was to estimate the micro-

biological quality of air in the city during autumn and 
winter. The analysis included various outdoor and 
indoor public places located in Kielce, the capital of 
Świętokrzyskie voivodeship.

Material and methods

Sampling

Air samples were collected in five different places 
in Kielce in the Świętokrzyskie Voivodeship: two busy 
streets, a  city park, a  pharmacy, and a  cinema. Two 
measurement points were placed on 50 cm and 150 cm 

from the ground next to busy streets in the centre of 
the city – Solidarności Av. and Ogrodowa St. The next 
place was located by an alley in Stanislaw Staszic City 
Park. In the pharmacy, four measurement points were 
located opposite each other, two from the clients’ side 
and two from the seller’s side. Additionally, the air in 
the cinema was analysed at five measurement points 
– the auditorium, two entrance gates, the projector 
shelf, and an anteroom. The analyses were carried out 
in the autumn and winter in the years 2010–2012. The 
sampling was repeated on two plates in two indepen-
dent experiments on each measurement point.

Microbiological analysis

The total number of aerobic bacteria was calculat-
ed by Koch sedimentation method. Open Petri dishes 
with agar were distributed at the processing areas and 
exposed for 10 min. The Petri dishes were closed and 
incubated at 37°C for 24–48 h. The mesophilic bacte-
ria were cultured on enriched agar medium (Biocorp), 
and the mannitol-positive Staphylococcus sp. were 
cultured on Mannitol salt agar (Biocorp). The degree 
of contamination was determined based on the total 
number of CFUs (colony forming units) in one cubic 
metre of air according to the standardised formula in 
Polish standard PN-89-Z-04111/02: A = (a × 104)/(p × r2 
× 0.2 × t), where: A – number of bacteria /microscopic 
fungi in 1 m3 of atmospheric air, a – medium number 
of colonies on the Petri dishes, p × r2 – the surface of 
the Petri dish (cm2), t – exposure time (min), 0.2 – con-
version factor of the exposure time.

Additionally, the grown bacterial colonies were 
analysed by macroscopic (visual assessment) and 
microscopic (Gram staining) observations. Bacteria 
were classified into Gram-positive or Gram-negative 
strains, with specific cell shapes. 

Statistical analysis

The obtained results were presented on the fig-
ures as arithmetic means and standard deviations 
prepared by Graph Pad Prism version 6 Software (San 
Diego, CA, USA). The nonparametric T-test or Mann-
Whitney un-paired two-tailed tests were used for sta-
tistical analysis. Differences with a p-value of < 0.05 
were considered significant. 

Results

The obtained results were distinguished into two 
different agents: outdoor and indoor public places. 
These are the areas used most by people during au-
tumn and winter. Outdoor analysis included two 
busy streets and a city park, indoor analysis included 
a pharmacy and a cinema. The microbiological analy-
sis considered the presence of mesophilic aerobic bac-
teria in atmospheric air. The number of fallen, grown 
colonies were compared to the number of bacteria in 
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1 m3 in the air in the study places according to the 
formula standardised in the Polish norm. In the case 
of the outdoor sampling the air was highly contami-
nated only once, and in 15.7% of samples the results 
revealed medium contamination of air. This pollu-
tion concerned only the measurement points located 
next to the road. In the case of indoor sampling, the 
air reached the level of medium microbiological pol-
lution only once: in the cinema hall in the autumn. 
The number of bacteria in the winter was lower in 
comparison to the autumn in all study places, but the 
differences were not statistically significant, with the 
exception of cinema samples. The medium total num-
ber of bacteria in 1 m3 of air samples during autumn 
and winter period are presented in Figure 1. This 
observation revealed a  statistically significant lower 
number of bacteria in the city park compared to the 
streets. The indoor places included the presence of 
people during the analysis in the pharmacy and cin-
ema. A lower number of bacteria were detected in the 
pharmacy, but the difference was not significant. Ad-
ditionally, the influence of air temperature (Figure 2) 
and presence of people (Figure 3) on the number of 
bacteria in the air has been proven. A  statistically 
significant increase in the number of bacteria was re-
corded at a  temperature of 12°C, and this value was 
on average five times higher than at temperatures in 
the range –8 to +8°C. There was no difference in the 
number of bacteria in the range –8 to +8°C of air tem-
perature. Likewise, a statistically significant increase 
in the number of bacteria was recorded in the cinema 
auditorium during the screening of a film, where a lot 
of people were present in comparison to the measure-
ment points where almost no people were present at 

all. Furthermore, we observed also that the glass on 
the sales counter, which separates the customers from 
the sellers, did not have any influence on the number 
of bacteria identified in the air around the people. An 
average, 11 customers and two sellers were present 
during the sampling. The was no significant differ-
ence between the total number of bacteria in the air 
either side of the measurement points (Figure 4).

Furthermore, we performed Gram staining of iso-
lated, representative, diverse bacterial colonies. Gener-
ally, the Gram-negative strains were present more often 
outdoors and Gram-positive strains were present more 
often indoors (Figure 5). Among the identified bacteria, 

Figure 1. The average total number of bacteria in the air 
(CFU/m3) of different public places of the city (Kielce, Po-
land) in autumn and winter with reference to the degree 
of contamination (medium and heavily) according to the 
Polish standard. The statistically significant difference  
(p = 0.023) between the total number of bacteria de-
tected on the streets and in the city park was determined 
by Mann-Whitney un-paired two-tailed tests (Graph Pad 
Prism v. 6 Software, San Diego, CA, USA)

Figure 2. The average total number of bacteria in the air 
(CFU/m3) on the measurement points of the street com-
pared to the air temperature. The statistically significant 
difference (p = 0.044) of the total number of bacteria 
detected at 12°C compared to the lower temperatures 
(from –8°C to +8°C) was determined by Mann-Whitney 
un-paired two-tailed tests (Graph Pad Prism v. 6 Software, 
San Diego, CA, USA)
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Figure 3. The average total number of bacteria in the air 
(CFU/m3) of the cinema. The statistically significant dif-
ference (p = 0.003) between the total number of bacteria 
detected in the cinema auditorium and other places was 
determined by nonparametric T-test un-paired two-tailed 
(Graph Pad Prism v. 6 Software, San Diego, CA, USA)
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the round-shaped and bacilli Gram-positive and rod-
shaped Gram-negative cells were most often observed. 
These bacteria grew as coloured colonies (red, orange, 
yellow) or milk-white colonies. The last examination 
concerned the analysis of mannitol-positive Staphylo-
coccus sp. strains. These bacteria were analysed in the 
case of Ogrodowa St., the city park, and the pharmacy. 
In all cases, the mannitol-positive Staphylococcus sp. 
strains were not identified, the grown bacteria did not 
change the agar from red to yellow.

Discussion

Air is well known as a  vehicle for the spread of 
a  wide diversity microorganisms, among which hu-
man pathogens may also be present. Microorganism 
transmission via air plays an important role in the ef-

fortless and rapid spread of viral, bacterial, and fungal 
infections [9, 18]. Bacterial cells and their fragments, 
fungal spores, and products of microbial metabolism 
present as organic compounds in each of the three 
states of matter may be components of bioaerosols 
[19]. Bioaerosols are complex, highly variable, ubiq-
uitous, natural, or manufactured by people [20]. The 
biological effects of these bioaerosols depend on their 
size, concentration, and physio-chemical properties. 
Because of the micro to nano scale size, these pol-
lutants can easily enter and deposit in many parts of 
the body via the lungs and circulatory system. Once 
inhaled, bioaerosols are associated with a wide range 
of negative health effects (e.g. allergies, infectious 
diseases, asthma, cancer, and acute toxicity). People 
permanently interact with the surrounding environ-
mental microbiome through inhalation, dermal con-
tact, or ingestion. Despite the large numbers of micro-
organisms likely to be present in the environment in 
highly populated public places, significant harm from 
this exposure is rare. The epidemiological studies of 
microbial contaminants in the air are rarely carried 
out [20–25]. 

The aim of the study was to analyse the microbial 
air pollution in public places in the city during the 
autumn-winter period. The studies focused on dif-
ferent indoor and outdoor places in Kielce such as 
a city park, busy streets, a cinema, and a pharmacy. 
The city is located in central-eastern Poland, located 
in the Świętokrzyskie Mountains, on the river Silni-
ca. According to data of the Central Statistical Office 
from 2017, the city has 196,804 inhabitants. It can be 
concluded that a medium-sized city will reflect a mi-
crobial state similar to most Polish cities. The basic 
analysis included the total number of microbes at the 
measurement sites according to the Polish standard. 
In the case of the outdoor locations, only one mea-
surement detected highly contaminated air, and in 
15.7% of samples the results revealed a medium level 
of air contamination. The most polluted places were 
located near the most frequented streets in the city. 
The sources of air pollution are varied and may origi-
nate from people, animals, gastronomy, or industry. 
It is worth noting that in many big cities around the 
world, street food has become very popular. This type 
of fast food is extremely heterogeneous, including 
drinks, meals, and snacks and is sold and consumed 
on the street. Madueke et al. conducted a  study in-
volving microbiological analysis of street food. They 
showed that all the food samples were contaminated 
with different bacteria and fungi species, i.e. S. au-
reus, Streptococcus sp., Flavobacterium sp., B. cereus,  
K. pnuemoniae, S. dysenteriae, Micrococcus sp., Pseudo-
monas sp., Enterobacter sp., E. coli, A. flavus, A. niger, 
Penicillium sp., Fusarium sp., R. stolonifera, and Mucor sp. 
[26]. Therefore, it is worth considering that poten-
tially pathogenic microorganisms present in polluted 

Figure 4. The average total number of bacteria in the air 
(CFU/m3) of the pharmacy with reference to the measure-
ment points on the salesperson and customer sides. The 
difference was not statistically significant
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air near streets may pass directly to food, also causing 
various intestinal diseases. 

A comparison of the total number of microorgan-
isms in the park and on the busy streets was carried 
out. The results show a  lower number of microor-
ganisms in the city park than on the streets. This 
may suggest that urban parks with a  large number 
of plants, called by many people the lungs of the 
city, are the optimal place to rest in relatively fresh 
air [27]. The obtained results are very interesting be-
cause plants are recognized as an important source 
of airborne microorganisms. It is estimated that leaf 
surfaces comprise the largest biological surface type 
on the planet – over a billion square kilometres – and 
may host up to 108 bacteria per cm2. These leaf-in-
habiting microorganisms become airborne during 
plant processes, i.e. evapotranspiration, as well as by 
meteorological processes such as rain splash, wind 
gusts, and thermal plumes. Furthermore, the pres-
ence of animals and a large amount of organic matter 
in the park should increase the amount of microor-
ganisms in the air [24]. However, as results indicate, 
the microbiological air state in the city park was bet-
ter than on the streets. The greater number of micro-
organisms on busy streets may be caused by air circu-
lation due to the agitation of dust particles by driving 
cars. The raised bioaerosol particles can easily spread 
in the air, and the absorbed microorganisms have the 
ability to colonise distant niches. A similar observa-
tion in a railway station was described by Patel et al. 
(2018). They proved the seasonal trends of bacterial 
numbers, which increased from spring through to 
winter, while fungal numbers peaked in autumn. The 
complex influence of factors (passenger numbers, sta-
tion layout, dust) on contamination levels were sug-
gested [25].

The next aim of the study was to check the cor-
relation between the number of microorganisms and 
the air temperature in the tested places. During the 
experiments it was found that the number of bacteria 
in winter was lower than in autumn in all examined 
places. Thais observation confirmed that a lower tem-
perature contributes to inhibition of the growth of 
some microorganisms, especially mesophilic bacteria, 
which were included in the study [28]. A statistically 
significant increase of the total number of bacteria 
was detected on the Ogrodowa St. at a  temperature 
of 12°C, and this value was approximately five times 
higher than at temperatures in the range –8°C to 
+8°C (Figure 2). Similar results were obtained by  
M. F. Yassin and S. Almouqatea. They examined four 
different outdoor and indoor locations. During their 
experiments 26 groups of bacteria and fungi, either of 
human or environmental origin, were detected. The 
indoor and outdoor bioaerosol concentrations mea-
sured during spring were significantly higher com-
pared to the measurements during winter [22]. This 
outcome proves that higher temperatures give the 

chance for better development of microorganisms. It 
would be interesting to conduct research in the same 
places during the summer. Based on the results ob-
tained so far, probably the number of bacteria at this 
time of year would be higher. 

As a reference point and an important element of 
air quality for public health, the air inside the build-
ings of public interest was investigated. The microbi-
ome of indoor air depends on several factors, includ-
ing the household crowding, hygienic standards and 
mechanical movement within the enclosed space [22]. 
For the indoor sampling, a medium level of microbio-
logical pollution was revealed in the cinema audi-
torium in autumn, and the total number of bacteria 
was statistically significantly higher in comparison 
to other places where people were absent (Figure 3). 
This pollution level can be determined by the pres-
ence of a large number of people in the cinema audi-
torium and their contact with the seats. People also 
bring their overclothes, which may contribute to the 
increased amount and diversity of microorganisms in 
this part of the cinema. A similar observation was pro-
vided by Kawasaki et al. (2013). They detected a high 
number of airborne bacteria in a railway station and it 
was especially high in summer. They concluded that 
the number of railway customers, not humidity, was 
the main factor affecting the concentrations of bacte-
ria [29]. The next exanimed building of public interest 
was a pharmacy. It can be assumed that the pharmacy 
is usually frequented by sick people who are a poten-
tial source of pathogens. Conducted research shows 
that the presence of dividing glass between the cus-
tomers and sellers did not have any influence on the 
total number of bacteria, and there were no signifi-
cant differences between the number of bacteria in 
the air on either side (Figure 4). The results suggest 
that the use of protective glass in pharmacies does not 
fully protect the sellers against pathogens that can be 
spread by customers. Therefore, a special focus must 
be placed on microbial air surveillance in places with 
special importance. Not only the protection of staff 
but also care of the materials and medicines prepared 
in the pharmacy is important. For this reason, public 
places should have environmental control procedures 
that can help to reduce the spread of microorganisms, 
especially pathogens [30]. Similarly, the importance 
of the microbiological analysis of the air in places 
with special requirements was presented by Luksami-
jarulkul and Pipitsangjan (2015). They revealed high 
microbial contamination (bacterial and fungal) in the 
air in ambulances during services as well as on medi-
cal instrument surfaces [31]. Microbiological analysis 
of the air in various public places has been conducted 
by other authors. Also, air conditioners and hand dry-
ers in washrooms can be a source of microbial patho-
gens in buildings [32, 33].

Finally, the analysis took into account the pres-
ence of Gram-positive and Gram-negative bacteria in 
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the studied places. The results suggest that Gram-pos-
itive bacteria were present more often in indoor places 
such as the pharmacy or cinema, which is probably 
indicative of human-borne contamination. On the 
other hand, the rod-shaped Gram-negative bacteria 
were more often identified outside – on the streets 
and in the park, which may suggested faecal contami-
nation from animals, and some of these bacteria could 
be dangerous for human health [26]. Among the iden-
tified Gram-positive bacteria there were many round-
shaped cells, which could suggest the occurrence of 
Staphylococcus sp., commonly present on the skin sur-
face and upper respiratory tract in humans. Staphylo-
cocci are indicators of sanitary air pollution, and their 
appearance may indicate the presence of pathogenic 
bacteria. These bacteria may spread in the air with the 
calloused epidermis and can survive in the air for up 
to several days. They pose a threat both to immuno-
competent persons as well as to those whose immune 
system is impaired. Especially dangerous strains can 
be strains resistant to antibiotics, such as methicil-
lin-resistant Staphylococcus aureus (MRSA) [23, 34]. 
The presence of these bacteria were analysed in the 
case of the city park, a street (Ogrodowa St.), and the 
pharmacy. In all cases no mannitol-positive staphy-
lococci were observed, which are important from 
a clinical point of view. However, it should be men-
tioned that the identified mannitol-negative colonies 
are potentially pathogenic to humans. These bacteria 
may have other abilities, e.g. resistance to antibiotics, 
which contributes to the increased pathogenicity of 
these microorganisms. For this reason, contact with 
such pathogens in the air can lead to various infec-
tions. Similar studies have been published by Kubera 
et al. They examined microbiological air quality in 
two different kindergartens and found high levels of 
air pollution with mannitol-positive staphylococci. 
The levels of these microorganisms significantly ex-
ceeded the acceptable standards. Moreover, the anti-
biotic resistance of isolated strains was analysed. The 
results showed that all tested strains were resistant to 
penicillin and gentamycin. The high percentage of 
antibiotic-resistant staphylococci proves that system-
atic microbiological examinations of indoor air and 
further research are needed to help identify biological 
factors that can affect the health of people in public 
spaces [35]. 

It is well known that air pollution monitoring is an 
extremely important aspect for epidemiology. Many 
sources of literature present extensive air analysis of 
diverse environments like for example dust, which is 
a component of bioaerosols [36], landfills [37], hos-
pitals, and the Earth’s stratosphere and troposphere 
[38]. However, studies of the sanitary conditions of 
city air are less common. Controlling the microbio-
logical composition of the air, as well as taking care 
to preserve its purity, can contribute to improving the 

quality of people’s lives. An important aspect is also to 
pay attention to the air purity inside buildings, where 
the low air flow can cause accumulation of pathogens.

Conclusions

It has been shown that the number of bacteria 
in public city places may be influenced by climatic 
conditions, such as temperature and the presence of 
people and traffic. Most of the air samples did not ex-
hibit contamination, although the detected cases of 
significant pollution pose a microbiological threat to 
public health. The sanitary condition of the air in the 
pharmacy should be further investigated.
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