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Abstract

This work presents the concentration levels of the bacterial aerosol in two small sports halls in the Upper Silesia, Poland. The samples of 
airborne bacteria were collected using 6-stage Andersen cascade impactor (with aerodynamic cut-size diameters of 7.0, 4.7, 3.3, 2.1, 1.1 and 0.65 
µm). Obtained results show that during sports activity there is a clear increase in the concentration of bacterial aerosol. The concentration of 
bacterial aerosol in the school gym was very high already in the first hour of classes, and it was growing rapidly from one lesson to another, reaching 
the level above 104 CFU m-3. Sport activity in the gym significantly changed the patterns of the size distribution of airborne bacteria, shifting the 
peak from the size range of 3.3-4.7 µm, to smaller bacterial particles – in the range from 1.1 to 2.1 µm. Using the obtained data, the dose of viable 
bacteria, inhaled during exposure, to the body weight of the exposed student in the gym (BID) was calculated. BID ranged from 296 to 660 CFU kg-1. 
The analysis of the bacteria species showed that bacteria of human origin, dominated in the tested air, mainly emitted from the respiratory tract 
and human skin. Especially, Gram-positive cocci and nonsporting Gram-positive rods were the dominant species there. It seems that exposure to 
the bacterial aerosol in the sports hall and gym does not pose a direct threat to health. However, long-term inhalation of such high doses of airborne 
bacteria can cause adverse health effects, especially in people who are allergic (allergic / atopy).
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Introduction
As biological pollutants can cause a wide range of human 

disease, one of the main objectives of air monitoring should be to 
verify and quantify the presence of bioaerosols to assess exposure 
or identify their source. Bioaerosol is a two-phase system consisting 
of biological particles suspended in the air. These particles can be 
viruses, bacteria, fungi, or microscopic parts of living organisms. 
Bioaerosol particles can be viable or non-viable. They appear as 
separate biological particles or are attached to the surface of dust. 
The smallest bioparticles are viruses whose size ranges from 0.02 
µm to 0.3 µm. Bacteria and microscopic fungal cells have a diameter  

 
of 0.3 to 100 µm, and pollen and other biological particles from 10 
µm to even hundreds of micrometers [1,2]. 

 In the case of buildings, note that microorganisms are 
always present in the indoor air. Human and animal organisms 
should be considered as the main source of bacterial aerosols (both 
single organisms, bacterial conglomerates and bacteria attached 
to solid particles) in the indoor environment. Significant amounts 
of bacteria are also found in the settled dust, from where they can 
be re-emitted into the air, for example during the movement of 
inhabitants.
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There is already half century of tradition and literature on 
research of bioaerosols in homes and offices (se, for example [1-
7]. Airborne microbes in schools and other educational settings 
were also studied. Generally, reported mould and bacteria data 
strongly indicate that airborne microorganisms are present in 
many classrooms, possibly leading to health problems [8]. For 
example, Karwowska [9] obtained the number concentration of 
microorganisms ranged within 102 – 103 CFU m-3 for mesophilic 
bacteria, 1-10 CFU m-3 for haemolytic bacteria, 10-100 CFU m-3 for 
staphylococci, 0-10 CFU m-3 for coli group and from 10 to almost 
103 CFU m-3 for moulds. Similar concentration levels of airborne 
bacteria, between 102 and 103 CFU m-3, were obtained by Kim et al. 
[10] in indoor environment of elementary schools in Ulsan, South 
Korea. They found that 84% of identified bacteria were observed as 
Gram-positive, and Micrococcus spp. was the most abundant group 
with 61% of tested isolated, followed by genus Staphylococcus with 
10%. The study carried out by Stryjakowska-Sekulska et al. [11] in 
various rooms of the university buildings in Poznań, Poland, also 
shows that the predominant airborne bacteria were Staphylococcus 
spp. and Micrococcus spp. However, data on the concentration of 
bacterial and fungal aerosols in specific indoor environments such 
as indoor swimming pools, gyms, restaurants, shops, etc. are still 
lacking, although several studies have recently been published 
describing exposure to airborne microorganisms in sports facilities 
[12-15]. On the other hand, it should be noted that due to the 
specific features of this type of space, especially their cubature, 
microclimate, high density people and their physical activity - it is 
very difficult to fully estimate the concentration and structure of 
bioaerosols in these environments based on data obtained from 
other well-studied buildings. Therefore, detailed studies on the 
microbiological air quality in these indoor environments are still 
needed. In particular, the characteristics of infectious diseases 
occurring in sport should be investigated and combined with 
information on exposure to bioaerosols during sports activities. 
It is surprising that knowledge on this subject is still limited, 
and some published works suggest that exposure to airborne 
microorganisms may be neglected in the analysis of transmission 
of infections. For example, Tuberville et al. [16] identified the 
factors most reported in the medical literature as responsible for 
infectious disease outbreaks in certain sports and their modes 
of transmission. They identified fifty-nine reports of infectious 
disease outbreaks in competitive sports and found that the most 
common mode of transmission in the outbreaks was direct person-
to-person contact, while airborne and vectorial transmission was 
rarely reported. Therefore, it is necessary to elucidate in detail the 
role of exposure to airborne bacteria and viruses in various sports 
activities. Fortunately, the situation is starting to change, and 
researchers are focusing their activities on this topic [17].

The aim of the study was to find out about the properties of 
bacterial aerosols in the gym of the primary school and in the 
small municipal sports hall. Such research is important because 
there are still several sports facilities in Poland, as well as in other 
East-European countries, without adequate mechanical ventilation 
(HVAC).

Materials and Methods
The research was conducted in a small municipal sports hall 

in Bytom (bodybuilding gym) and in the gym of one of the primary 
schools in Katowice, in the central part of Upper Silesia, Poland, in 
summer season, before the coronavirus pandemic. Both studied 
indoor environments; sports hall and gymnastic hall did not have 
air conditioning. The volume of the small municipal sports hall was 
about 400 m3. During the measurements, there were 15 people 
inside the hall. The air temperature was 21.5 °C and the relative 
humidity (RH) was 24%. The school gymnasium had a volume of 
903 m3. During our research, students aged 11 to 14 exercised in 
the room. The air temperature in the gym was between 21 and 23 
°C and the relative humidity (RH) was between about 30-35%.

Air samples were collected using a 6-stage Andersen cascade 
impactor (with aerodynamic cut – size diameters of 7.0; 4.7; 3.3; 2.1; 
1.1 and 0.65 µm). Impactor was located at a height of 1.5 m above 
the floor. The pump provided a constant flow rate of 28.3 dm3min-1 
during the measurement. The sampling time, estimated according 
to the optimal sampling time equation [18] in the sports hall and 
in the school, gym was 10 minutes and 5 minutes, respectively. Air 
samples were taken twice in the sports hall. The first measurement 
was taken before starting sports exercises and the second during 
classes. In the gym air samples were collected four times. The first 
measurement was made in the absence of classes (in empty room). 
The second sampling took place after a warm-up during the first 
physical education (PE) lesson. The classes were attended by 15 
students and a sports teacher. The third air sampling was carried 
out during exercises in the second PE lesson with 27 students. 
The fourth conscription was carried out in the third lesson (29 
participants). For control purposes, measurements were also taken 
outside the building. 

Microorganisms were collected on nutrient media in Petri-
dishes located on all impactor stages. Concentrations were 
calculated as colony forming units per cubic meter of air. Nutrient 
agar was used Tryptic Soy Agar, which was added cyclohexymide 
(actidione) to inhibit fungal growth. All samples were incubated for 
7 days at room temperature. It should be mentioned that recently 
some researchers [19,20] indicated that the addition of blood to 
a base agar provides additional growth factors such as X-factor 
(haemin) and V-factor (coenzyme/ NAD), which standard media 
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such as TSA do not contain. Therefore, they suggested that blood 
agar rather than TSA could be used for bioaerosol of human origin. 
However, we wanted to compare the exposure to airborne bacteria 
in the sports halls with our previous data obtained in other indoor 
environments, hence we decided to apply the same methods. 

Identification of bacterial isolates was based on morphological 
analysis: macroscopic colonies grown on agar (Trypcase Soy Agar, 
TSA) and microscopic cells-stained Gram [1,3&18]. Then the strains 
tested were differentiated on basis of their metabolic properties, 
using the API biochemical tests. Also, a computer analysis system 
APIweb was used which allowed rapid interpretation of the API 
tests (bioMerieux, Marcy-l’Étoile, France).

Results and Discussion
The levels of the bacterial aerosol in the studied indoor 

environments presented in Figures 1 and 2 indicate an increase 
in the concentration of airborne bacteria during sports. Before the 
training, the concentration of airborne bacteria in the sports hall 
was below one thousand (972) CFU m-3, while during training for 
competitive sports, the concentration level more than doubled 
(Figure 1). The dynamics of changes in the concentration of 
bacterial aerosol in the gym seems to be of particularly interesting 
(Figure 2). During the first lesson, the level of bacteria in the air 
was five and a half thousand CFU m-3, increasing tenfold the level 
recorded before the start of the lesson.

Figure 1: Concentration of bacterial aerosol in the small body building 
gym.

The concentration of bacteria during the third lesson reached 
over twelve thousand CFU m-3. Although not shown in Figure 2, 
we also observed that the concentration of the bacterial aerosol 
increased not only with the number of participants but also with 
the intensity of training. These results are consistent with data 
obtained in 41 private gymnasiums in Bari, Italy by Signorile et 
al. [21]. They found that during recreational physical and sport 
activities, the total bacterial count ranged from about 300 to 
over 10,000 CFU m-3. Moreover, the concentration of airborne 

bacteria before class, 552 CFU m-3 (Figure 2), is consistent with 
the results obtained in classrooms in Warsaw, Poland [9] and in 
Lisbon, Portugal [22]. On the other hand, it should be noted that 
the suggested maximum level of non-pathogenic bacteria indoors 
is 4,500 CFUm-3 [1]. According to Seltzer [23], the fact that during 
the third lesson (Figure 2) the concentration of airborne bacteria 
(certainly of human origin) exceeded 2.7 times this suggested 
maximum indicates crowding and poor ventilation.

Figure 2: Concentration of bacterial aerosol in the school sports hall.

It appears useful to calculate the inhaled dose of airborne 
bacteria for a future in-depth analysis of the adverse health effects 
of inhaling live bacteria. Such an idea, following Pastuszka et al. [6] 
was presented by Brągoszewska et al. [30] for children attending 
the municipal kindergarten in Gliwice. We can calculate the total 
bacterial inhalation dose (TBID) or the bacterial inhalation dose 
(BID) depending on the weight of the exposed student. These 
factors can be defined as follows:

(1)

or  (2)

where: 

TBID – the total dose of viable bacteria inhaled during the 
exposure, CFU

BID – the dose of viable bacteria inhaled during exposure to the 
body weight of the exposed person, CFU kg-1

IR – inhalation rate coefficient, characteristic for selected 
activity levels, m3h-1

ET – time of exposure, h

BW – mean body weight, kg

Using the data presented in Figure 2 we can calculate the total 
dose of viable bacteria inhaled by students during the first, second 
and third lecture / sport activity (ET = 1 hour). According to the 
USEPA analysis [31], for students aged 11-15 years, we selected the 
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IR value for the high intensity state as 2.94 m3h-1. Therefore, the 
TBID value for each one-hour sport lecture is 15,981 CFU, 24,496 
CFU and 35,636 CFU during the first, second and third sport lecture, 
respectively.

Estimated mean body weight (BW) of students participating 
in the classes was 54 kg. Thus, the calculated BID value was 296; 
454 and 660 CFU kg-1 for the first, second and third sports lesson 
exposure, respectively. It should be noted that this inhaled dose 
is comparable to the dose inhaled by older children in a nursery 
(kindergarten) during a 7-hour exposure [30] and is significantly 
higher than the daily dose absorbed by adults in apartments in 
Katowice in Upper Silesia (175 CFU kg-1) [32].

Figure 3: Size distribution of airborne bacteria in the small school 
sports hall.

It is also important to analyze the contribution of respirable 
particles to the total airborne bacteria particles. Respirable 
fraction contains fine particles that can penetrate the lower (deep) 
parts of human respiratory tract. This paper uses the old Cape 
Town definition limiting the inhaled fraction to particles with an 
aerodynamic diameter below 5 µm (confirmed in 2007 by WHO 
[24]). It should be noted that from lesson to lesson, an increased 
proportion of respirable bacteria in the total bacterial aerosol was 
observed. In the first lesson this share was 66%, and in the third 
it grew to 86%. As the aerodynamic size of particles determines 
their behavior in the air and human respiratory tract, not only 
the concentration of bioaerosol, but also its size distribution is 
important for the precise prediction of its adverse health effects. 
The size distribution of airborne bacteria in the school sports hall is 
shown in Figure 3. The bacterial aerosol size distributions outside 
and inside - before sports activities were similar. Both distributions 
were unimodal with a peak in the size range of 3.3-4.7 µm, however 
the bioaerosol indoors showed a slightly larger contribution 
of smaller particles and lower contribution of particles > 7 µm 
compared to the bioaerosol outdoors. Sports activity in the gym 
significantly changed the patterns of this size distribution, shifting 
the peak to smaller bacterial particles ranging in size from 1.1 to 
2.1 µm.

Detailed analysis of the bacterial flora of a small sports hall 
allowed for the identification of over 10 species of bacteria (Table 1). 
The main component of these airborne bacteria were Gram-positive 
cocci, mainly Staphylococcus and Micrococcus. As mentioned earlier, 
similar results were obtained by other researchers [10,11&25]. 
Before starting sports activities in a small sports hall, these bacteria 
constituted 58.5% of the total concentration of bacterial aerosols 
(Table 1). During sports activities, the share of Gram-positive 
cocci in the total bacterial flora increased and amounted to 62.8%. 
Research carried out in the school gym also showed an increase in 
the percentage of Gram-positive cocci from lesson to lesson. Gram-
positive cocci accounted for 79% of all bacterial species in the first 
sports lesson and increased to 88% in the second and third lessons. 
Since the main source of emission of this group of bacteria is the 
human body: the respiratory tract and the human skin, the physical 
activity of people in both tested halls is the most likely reason for 
such a significant quantitative advantage over other components of 
the bacterial flora in the tested air.

The remaining bacteria represent species whose natural 
habitat is surface water and soil. The presence of these bacteria in 
the tested rooms is probably related to the transfer of soil particles 
on shoes along with bacteria attached to them, and then their 
deposition on the floor. When exercising in the gym, moving people 
reemit dust particles containing bacteria from the floor to the air.
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Table 1: Genera and species of viable airborne bacteria in the small 
sport hall before the sport activities began and during the sport training.

Bacteria species
(%) of the total bacteria

before the 
sport activities

during the 
sport training

Gram-positive cocci, including: 58.5 62.8

Kocuria rosea - 14

Micrococcus spp. 17.2 11.6

Staphylococcus capitis 6.9 2.3

Staphylococcus chromogenes 10.3 30.2

Staphylococcus lentus 17.2 -

Staphylococcus sciuri 6.9 4.7

Nonsporing Gram-positive rods, 
including: 24.1 18.6

Arthrobacter spp. 13.8 2.3

Brevibacterium spp. - 9.3

Corynebacterium propinquum - 7

Corynebacterium auris 10.3 -

Gram-positive rods, family 
Bacillacae including: 10.4 9.3

Bacillus cereus - 2.3

Bacillus circulans 6.9 2.3

Bacillus pumilus 3.5 -

Bacillus mycoides - 4.7

Acinomycetes, including: 7 -

Rhodococcus spp. 3.5  

Streptomyces spp. 3.5  

It should be noted that the levels of bacterial aerosol 
concentrations in the investigated indoor environments are 
significantly higher than those recommended by the WHO for 
rooms designed for human habitation [1]. However, the analysis 
of the collected bacteria did not indicate a significant presence of 
pathogenic microorganisms in the air of the tested gymnasium and 
small sports hall. Therefore, it seems that exposure to bacterial 
aerosol in the tested rooms does not pose a direct risk of any acute 
health effects; however, prolonged inhalation of such high doses of 
airborne bacteria may cause some adverse health effects, especially 
in allergic individuals. Such individuals may be more susceptible to 
upper respiratory disease and allergic symptoms such as headache, 
watery eyes, itchy skin, coughing, and more [27]. The most 
vulnerable seem to be sports teachers, whose exposure time is the 
longest, several hours a day. However, more serious adverse health 
effects may arise when students become professional athletes [27-
29].

Our research clearly shows that it is very important to improve 
the microbiological quality of air in such small sports halls by 
providing adequate ventilation.

Conclusions
1. The concentration of bacterial aerosol in the hall before sports 

training was almost 1,000 CFU m-3 and more than doubled 
during sports activities.

2. The concentration of bacterial aerosols in the gym was very 
high already in the first hour of classes and it was growing 
rapidly from one lesson to another, reaching the level above 
104 CFU m-3.

3. Sports activity in the gym significantly changed the patterns of 
bacterial size distribution in the air, shifting the peak from the 
size range of 3.3-4.7 µm to smaller bacteria particles - in the 
range from 1.1 to 2.1 µm.

4. The dominant species of bacteria were Gram-positive cocci of 
the genera Micrococcus and Staphylococcus.

5. It seems that exposure to bacterial aerosol in the tested rooms 
does not pose a direct risk of acute health effects; however, 
prolonged inhalation of airborne bacteria may cause some 
adverse health effects.

6. The way to improve the microbiological quality of air in the 
tested facilities is to ensure adequate ventilation. It is necessary 
to install an air supply, mechanical ventilation.
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