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SMALL WASTEWATER TREATMENT PLANTS AS SOURCES 
OF BIOAEROSOL EMISSIONS INTO THE ATMOSPHERIC AIR 

Wastewater treatment plants are a source of odour and bioaerosol emissions into the atmosphere. 
Therefore, this study aimed to determine the concentration of selected groups of bacteria and fungi 
around four small municipal wastewater treatment plants located near Wrocław (SW Poland). The 
wastewater was treated using the activated sludge method. Bioaerosol samples were collected in trip-
licate using the aspirometric method onto Petri dishes with appropriate microbiological media. Bioaer-
osol concentrations around the studied plants and in the vicinity of individual devices were relatively 
low; in some cases, fecal bacteria and human pathogenic microorganisms were detected in the bioaer-
osol. The obtained results justify the need for further research on bioaerosols emitted by wastewater 
treatment plants and systematic monitoring of bioaerosol concentrations in their vicinity. 

1. INTRODUCTION 

Atmospheric air is not a permanent habitat for microorganisms. This is due to the 
lack of nutrients and unfavorable physicochemical conditions. However, it provides 
a pathway for microorganisms, including pathogenic ones, to environments conducive 
to their development and reproduction. Wastewater treatment plants are important 
sources of microbiological air pollutants, including viruses, bacteria, and fungi that are 
pathogenic to humans, as well as worm and insect eggs [1]. Among other reasons, 
wastewater treatment installations designed to serve no less than 100,000 equivalent 
inhabitants are classified in Poland as projects that can always significantly affect the 
environment, while wastewater treatment installations designed to serve no less than 
400 equivalent inhabitants are classified as projects that may potentially significantly 
affect the environment [2]. Monitoring of the presence of biologically harmful factors 
in the air is also required at least within the plant’s premises [3]. In Poland, however, as 

 _________________________  
1Wrocław University of Science and Technology, Wybrzeże Wyspiańskiego 27, 50-370 Wrocław, 

Poland, email address: piotr.jadczyk@pwr.edu.pl 



84 P. JADCZYK 

in many other countries, there is no legal or normative act regulating the scope, fre-
quency, or methodology of monitoring the impact of wastewater treatment plants on air 
quality. Therefore, in many treatment plants, air quality monitoring is conducted spo-
radically, irregularly, or not at all [4]. 

Microorganism emissions are another reason, alongside the emissions of malodor-
ous substances, why locating wastewater treatment plants near residential areas is 
a source of social conflict in Poland and other countries. Locating them away from areas 
already developed and suitable for future development is difficult due to the high pop-
ulation density in Poland and similar countries. An increase in the incidence of various 
diseases has been observed among treatment plant workers and people living nearby, 
but the cause-and-effect relationship has only been elucidated in some cases [5]. This 
justifies research into the actual impact of wastewater treatment plants on air quality. 
The COVID-19 pandemic has increased interest in the topic and, consequently, the num-
ber of publications on the topic [6].  

Bacterial bioaerosol emissions from wastewater treatment plants decreased during 
the pandemic [7]. This may have been due to the widespread use of disinfectants. How-
ever, the share of antibiotic-resistant strains increased [8]. The presence of coronavirus 
RNA was detected in both treated wastewater and in the air within the wastewater treat-
ment plant. This indicated the possibility of using wastewater as an indicator of the 
health of human populations and the relatively high epidemic exposure of wastewater 
treatment plant workers. Coronaviruses die in wastewater within a few days [9], but this 
time is sufficient to pose a threat to human health. 

The goal of this paper was to determine the emissions of selected microorganisms 
into the ambient air from key components of several small municipal wastewater treat-
ment plants under different atmospheric conditions during the winter and summer sea-
sons, with particular emphasis on Gram-negative bacteria. Subsequent events fully con-
firmed the validity of this research. 

2. MATERIALS AND METHODS 

Wastewater treatment plants studied. The study was conducted at four small 
wastewater treatment plants, designated A-D. They were located near Wrocław (SW 
Poland). In all of these plants, wastewater is treated using the activated sludge method 
with fine-bubble aeration. The process lines of these plants varied (Table 1). Bioaerosol 
samples were collected at the research sites described in Table 2.  

Methods. Bioaerosol was sampled using the impact method onto agarified microbi-
ological media in 90 mm diameter Petri dishes. Using a Duo SAS Super 360 air sampler 
with two 219-hole heads, bioaerosol was collected from 100 dm3 of air within 1 minute 
to determine the number of psychro- and mesophilic bacteria. 
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T a b l e  1  

Characteristicsof the examined sewage treatment plants 

Feature Wastewater treatment plant  
A B C D 

Population equivalent 5192 1600 20 216 16 164 
Average daily flow, m3 70 150 2317 1816 
Wastewater  
treated, m3 municipal 100% municipal – 81%, 

industriala  – 19% 
Selector chamber, m3 90 lack 
Sand trap, m3 lack 2×20 
Primary settling tank, m3 lack lack lack 420 
Pre-denitrification chamber, m3 lack 

one activated 
sludge chamber, 
active  
capacity: 195.5 

67 lack 
Dephosphatation chamber, m3 lack 112, 168 

alternating chamberc: 
 active capacity: 2000 m3 Denitrification chamber, m3  343, 112.5, 331 

optional chamber, m3 Lack 142 
Nitrification number, m3 514 m3 1432 2×950 m3 
Secondary  
settling tank, m3 

30.2 75 610 2×942.5b 

Aerobic sludge  
stabilization chamber, m3 200 75 lack 

Receiver river drainage ditch river 

Sediment plots, m2 lack 2000,  
emergency use 

Sludge dewatering 
sampling point 

capacity, m3/h 
operation, h/day 
 
hall volume, m3 

  
 

1 
3–6 

 
 367.5 

lack 

 
 

10–12 
ca. 10 

6 days/week  
143 

lack 

aMetallurgy, dairy, food tank washing. 
bCurrently one in operation. 
cDephosphatation, denitrification, denitrification/nitrification. 

 
T a b l e  2  

Research sites 

Site 
No. WWTP Location of the sampling point 

1 

A 

control site located 2.3 km NW of WWTP 
2 technology hall in the sludge dewatering building of WWTP 
3 above the denitrification chamber of WWTP 
4 above the nitrification chamber of WWTP 
5 B technology hall of WWTP 
6 control site in front of the technology hall of WWTP 
7 C technology hall in the sludge dewatering building of WWTP 
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T a b l e  2  

Research sites 

Site 
No. WWTP Location of the sampling point 

8 above the denitrification chamber of WWTP 
9 above the nitrification chamber of WWTP 
10 control site on the windward side – near the fence of WWTP  
11 

D 

above the alternating chamber of WWTP 
12 above the nitrification chamber of WWTP 
13 above the sludge fields of WWTP 
14 Technology hall in the sludge dewatering building of WWTP 
15 control site on the windward side – at the fence of WWTP 

  
Gram-negative bacteria and molds. Bioaerosol was collected from 200 dm3 of air 

within 2 minutes to determine the number of other microorganism groups. The micro-
organisms were incubated under conditions appropriate for each group (Table 3). After 
incubation, the number of microorganism colonies growing on the media was counted, 
taking into account the correction recommended by the sampler manufacturer. All sam-
ples were collected in triplicate. The results were given as the number of colony-forming 
units (CFU) per unit of air volume (1 m3) – arithmetic mean for three replicates and 
standard deviation. 

T a b l e  3  

Methods of incubation of microorganisms 

Group of microorganisms Microbiological medium 
Incubation  

Temperature 
 [°C] 

Time 
[day] 

Mesophilic bacteria nutrient agar 37 1 
Psychphilic Bacteria 22 3 
Gram-Negative Mesophilic Bacteria MacConkey  37 1 
Gram-Negative Psychrophilic Bacteria 22 3 
Coliforms Endo 37 1 
Escherichia coli Endo 44 1 
Salmonella and Shigella SS 37 1 
Enterococcus Slanetz–Bartley 37 1 

Pseudomonas fluorescens King B 26 5 
4 7 

Pseudomonas aeruginosa CN agar for Pseudomonas 37 1 
Mannitol-positive staphylococci Chapman 37 1–2 Mannitol-negative sCtaphylococci 
Molds Sabourad with chloramphenicol 26 3–5 
Yeasts Sabourad with TTC 26 3–5 

 

T a b l e  4  
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Criteria for classifying atmospheric air pollution with bacteria according to PN-89/Z04111/02 [10] 

Total number  
of mesophilic bacteria   

in 1 m3 of atmospheric air 

Number of specific bacteria  
in 1 dm3 of atmospheric air Degree  

of atmospheric air 
 pollution Actinomycetes Pseudomonas  

fluorescens 

Hemolytic  
staphylococci 

α β 
< 1000 <10 0 0 0 unpolluted 
1000–3000 10–100 ≤ 50 ≤ 25 ≤ 50 moderately polluted 
> 3000 > 100 > 50 > 25 > 50 heavily polluted 
 

T a b l e  5  

Criteria for air pollution with fungi according to PN-89/Z-04111/03 [11] 

Total number of fungi  
in 1 m3 of atmospheric air Degree of atmospheric air pollution 

3000–5000 average clean air, especially in late spring and early autumn 
5000–10 000 pollution that may negatively impact the human environment 
> 10 000 pollution that threatens the human environment 

 
T a b l e  6  

Recommended concentrations of microorganisms in indoor air after [12] 

Microbiological factor Permissible concentration [cfu/m3] 
Workrooms with organic dust Residential and public spaces 

Mesophilic bacteria 100 000 5000 
Gram-negative bacteria 20 000 200 
Thermophilic actinomycetes 20 000 200 
Fungi 50 000 5000 
Group 3 and 4 threat factors 0 0 

 
T a b l e  7  

Proposals for assessing the degree of  
microbiological contamination of the atmosphere after [13] 

Bioaerosol component 
Degree of atmospheric air pollution [in cfu/m3] 

Acceptable Unacceptable 

Mesophilic bacteria ≤ 5000  > 5000  
Gram-negative Bacteria ≤ 200  > 200  
Thermophilic Actinomycetes ≤ 200  > 200  
Fungi ≤ 5000  > 5000  
Group 3 and 4 threat factors 0  > 0  
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The criteria for selecting the groups of microorganisms included in the study were: 
the specificity of the research object, recommendations of PN-89/Z-04111/02 [10]  
(Table 4) and PN-89/Z-04111/03 [11] (Table 5), proposals by Dutkiewicz and Mołocz-
nik from 1993 [12] (Table 6), and proposals of the Expert Team for Biological Factors 
[13] (Table 7). Particular attention was paid to determining the number of Gram-nega-
tive bacteria. Details are provided in the monograph edited by Zwoździak [14]. 

3. RESULTS AND DISCUSSION 

The concentrations of mesophilic and psychrophilic bacteria, as well as Gram-neg-
ative psychrophilic and mesophilic bacteria measured above the activated sludge cham-
bers and sludge plots, were relatively low (Tables 8–11). This suggests that these facil-
ities emitted few live bacteria into the air. Bacterial concentrations were also low in the 
process rooms containing the activated sludge chamber and sludge dewatering sampling 
points. Representatives of narrower bacterial groups were detected ephemerally at indi-
vidual study sites. This meant that their concentrations were less than 0.005 cfu/m3. 

The number of mesophilic airborne bacteria at all study sites was less than 1000 cfu/m3. 
This corresponded to unpolluted air according to PN-89/Z04111/02, an acceptable level 
of atmospheric air pollution as proposed by the Expert Team for Biological Factors, and 
in the case of WWTP Hall B (sampling point 5), the concentration permissible in work-
rooms with organic dust, and even residential and public spaces. Pseudomonas fluo-
rescens was detected at three of the 15 test sites. However, their count was lower than 
50 cfu/m3, corresponding to moderately polluted atmospheric air according to  
PN-89/Z04111/02. These bacteria were detected only once, and each site was tested 
twice (winter and summer). 

Mold concentrations showed significant variation, both between individual test sites 
in summer and winter, between sites within the same wastewater treatment plant, and 
between treatment plants. This indicated a strong dependence of fungal concentrations 
on current conditions. In most cases, they were lower than 5,000 cfu/m3, which corre-
sponds to average clean atmospheric air according to PN-89/Z04111/03, acceptable pol-
lution as proposed by the Expert Team for Biological Factors [13], and permissible con-
centrations in workrooms with organic dust, and even in residential and public spaces 
according to the recommendations of Dutkiewicz and Mołocznik [12]. Higher values 
were observed in summer at four sites: 7–9 and 15. This represented 13% of the cases 
studied (winter and summer combined – 15 sites with two tests each, 30 cases in total). 

Significant variation in microorganism concentrations within wastewater treatment 
plants has also been observed by other authors, and the range of this variation, for ex-
ample, from tens of cfu/m3 to several thousand cfu/m3 for psychro- or mesophilic bac-
teria or mold fungi, was similar to that found in this study [15–17]. Literature data also 
indicate significant variation in the concentrations of selected groups of microorganisms 
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isolated from atmospheric air on selective media, such as bacteria from the Enterobac-
teriaceae family, the Pseudomonas genus, and staphylococci.  

T a b l e  8  

Results of microbiological analysis of WWTP A. 
Mean concentrations of microorganisms and standard deviations  [cfu/m3] 

Group of microorganisms Seasona 
Sampling point  

1 2 3 4 

Mesophilic bacteria W 50±24 NT 97±15 53±18 
S 77±25 857±117 127±5 743±170 

Psychrophilic bacteria W 307±54 NT 447±98 740±170 
S 63±12 2243±274 323±69 850±530 

Gram-negative mesophilic bacteria W 3±5 NT 0±0 0±0 
S 7±9 5±1 2±2 0±0 

Gram-negative psychrophilic bacteria W 2±2 NT 2±2 2±2 
S 107±13 35±8 105±45 206±7 

Coliforms W 0±0 NT 3±4 0±0 
S 0±0 0±0 11±4 8±7 

Escherichia coli W 0±0 NT 0±0 0±0 
S 0±0 0±0 3±2 2±2 

Salmonella and Shigella W 0±0 NT 0±0 0±0 
S 0±0 0±0 0±0 0±0 

Enterococcus W 0±0 NT 0±0 0±0 
S 0±0 3±5 2±2 2±2 

Pseudomonas fluorescens, 26 °C W 0±0 NT 0±0 0±0 
S 0±0 0±0 0±0 0±0 

Pseudomonas fluorescens, 4 °C W 0±0 NT 0±0 0±0 
S 0±0 0±0 0±0 0±0 

Pseudomonas aeruginosa W 0±0 NT 0±0 0±0 
S 0±0 0±0 0±0 0±0 

Mannitol-positive staphylococci W 0±0 NT 0±0 0±0 
S 0±0 0±0 0±0 0±0 

Mannitol-negative staphylococci W 0±0 NT 13±19 17±14 
S 0±0 0±0 0±0 0±0 

Molds W 160±4 NT 53±24 40±8 
S 4222±1641 1674±76 5865±948 6535±0 

Yeasts W 5±4 NT 7±6 3±2 
S 18±19 5±4 23±21 15±4 

aS – summer, W – winter, NT – not tested. 

In some wastewater treatment plants, such microorganisms are found in higher 
numbers in the air than found in this study [17, 18], while in others, they are detected at 
a few study sites [19, 21]. Zabłocka-Godlewska et al. [21] emphasize that Escherichia 
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coli is not a natural component of the air microbiome, and in the wastewater treatment plant 
they studied, it was present in the air only near some of its equipment. Møller et al. [22] 
found exposure to Escherichia coli among wastewater treatment plant workers em-
ployed only in some positions.  

T a b l e  9  

Results of microbiological analysis of WWTP B. 
Mean concentrations of microorganisms and standard deviations [cfu/m3] 

Group of microorganisms Season Sampling point  
5 6 

Mesophilic bacteria W 133±41  10±7 
S 0±0 0±0 

Psychrophilic bacteria W 243±280 17±17 
S 0±0 0±0 

Gram-negative mesophilic bacteria W 0±0 0±0 
S 0±0 0±0 

Gram-negative psychrophilic bacteria W 0±0 0±0 
S 0±0 0±0 

Coliforms W 0±0 0±0 
S 0±0 0±0 

Escherichia coli W 0±0 0±0 
S 0±0 0±0 

Salmonella and Shigella W 0±0 0±0 
S 0±0 0±0 

Enterococcus W 0±0 0±0 
S 0±0 0±0 

Pseudomonas fluorescens, 26 °C W 3±5 0±0 
S 0±0 0±0 

Pseudomonas fluorescens, 4 °C W 0±0 0±0 
S 0±0 0±0 

Pseudomonas aeruginosa W 0±0 0±0 
S 0±0 0±0 

Mannitol-positive staphylococci W 0±0 0±0 
S 0±0 0±0 

Mannitol-negative staphylococci W 0±0 0±0 
S 0±0 0±0 

Molds W 52±9 27±20 
S 0±0 0±0 

Yeasts W 10±7 7±6 
S 0±0 0±0 

aS – summer, W – winter. 
 
Pseudomonas was among the genera dominant in the airborne bioaerosol at the 

wastewater treatment plants studied by Zhao et al. [23]. In this study, Gram-negative 
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bacteria were isolated from the air using MacConkey agar, and the results indicated that 
they constituted a relatively small portion of the psychro- and mesophilic bacteria pre-
sent in the air at the wastewater treatment plant.  

T a b l e  1 0  

Results of microbiological analysis of WWTP C. 
Mean concentrations of microorganisms and standard deviations [cfu/m3] 

Group of microorganisms Seasona Sampling point 
7 8 9 10 

Mesophilic bacteria W 67±35 207±42 23±5 33±17 
S 24±16 20±4 12±1 63±16 

Psychrophilic bacteria W 10 480±3,663 13 070±0 227±52 147±52 
S 40±14 87±12 20±8 4800±4,333 

Gram-negative mesophilic bacteria W 0±0 0±0 0±0 0±0 
S 3±5 0±0 3±5 3±5 

Gram-negative psychrophilic bacteria W 7±4 17±9 3±5 3±5 
S 0±0 0±0 0±0 17±17 

Coliforms W 22±14 3±4 3±4 0±0 
S 0±0 3±4 0±0 14±20 

Escherichia coli W 5±4 0±0 2±2 0±0 
S 0±0 0±0 0±0 0±0 

Salmonella and Shigella W 0±0 0±0 0±0 0±0 
S 17±5 0±0 0±0 0±0 

Enterococcus W 5±0 3±5 0±0 0±0 
S 0±0 0±0 0±0 2±2 

Pseudomonas fluorescens, 26 °C W 17±5 3±5 0±0 3±5 
S 0±0 0±0 0±0 0±0 

Pseudomonas fluorescens, 4 °C W 0±0 0±0 0±0 0±0 
S 0±0 0±0 0±0 0±0 

Pseudomonas aeruginosa W 0±0 0±0 0±0 0±0 
S 0±0 0±0 0±0 0±0 

Mannitol-positive staphylococci W 2±2 0±0 0±0 0±0 
S 0±0 0±0 0±0 0±0 

Mannitol-negative staphylococci W 3±5 0±0 0±0 0±0 
S 0±0 0±0 0±0 0±0 

Molds W 25±19 25±4 23±5 32±18 
S 5065±2079 6535±0 6535±0 1563±101 

Yeasts W 2±2 7±2 0±0 0±0 
S 0±0 0±0 2±2 3±2 

aS – summer, W – winter. 
 
By comparison, mesophilic Gram-negative bacteria growing on eosin-methylene 

blue agar constituted one-third of the mesophilic bacteria growing on trypticase soy agar 
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above the aeration chamber in the treatment plant studied by Wlazło et al. [24]. How-
ever, this result referred to a single bioaerosol sample collected at a single study site. 
Therefore, it is difficult to assess whether this was a coincidence or whether eosin-meth-
ylene blue agar is less selective than MacConkey agar. A comparison of the bacterial 
and fungal concentrations obtained in this study and in studies conducted at other 
wastewater treatment plants indicates that molds are a significant component of airborne 
bioaerosols within the wastewater treatment plant [16–18]. 

 T a b l e  1 1  

Results of microbiological analysis of WWTP D. 
Mean concentrations of microorganisms and standard deviations [cfu/m3] 

Group of microorganisms Seasona Sampling point 
 11 12 13 14 15 

Mesophilic bacteria W 27±17 10±8 107±33 70±45 33±17 
S 295±166 43±2 NT 563±446 420±150 

Psychrophilic bacteria W 13±5 60±29 603±183 53±40 153±12 
S 230±35 80±33 NT 220±16 1097±515 

Gram-negative mesophilic bacteria W 0±0 0±0 0±0 0±0 0±0 
S 2±2 3±5 NT 3±5 70±8 

Gram-negative psychrophilic bacteria W 0±0 0±0 0±0 0±0 0±0 
S 52±34 3±5 NT 7±5 83±42 

Coliforms W 3±4 0±0 6±9 0±0 0±0 
S 0±0 0±0 NT 0±0 0±0 

Escherichia coli W 0±0 0±0 2±2 0±0 0±0 
S 0±0 0±0 NT 0±0 0±0 

Salmonella and Shigella W 0±0 0±0 0±0 0±0 0±0 
S 0±0 0±0 NT 0±0 0±0 

Enterococcus W 0±0 0±0 0±0 0±0 0±0 
S 2±2 0±0 NT 0±0 0±0 

Pseudomonas fluorescens, 26 °C W 0±0 0±0 13±5 0±0 20±8 
S 0±0 0±0 NT 0±0 0±0 

Pseudomonas fluorescens, 4 °C W 0±0 0±0 0±0 0±0 0±0 
S 0±0 0±0 NT 0±0 0±0 

Pseudomonas aeruginosa W 0±0 0±0 0±0 0±0 0±0 
S 0±0 0±0 NT 0±0 0±0 

Mannitol-positive staphylococci W 0±0 0±0 0±0 0±0 0±0 
S 0±0 0±0 NT 0±0 0±0 

Mannitol-negative staphylococci W 0±0 0±0 0±0 0±0 0±0 
S 0±0 0±0 NT 0±0 0±0 

Molds W 88±12 77±20 107±56 138±19 170±15 
S 4563±1487 1882±457 NT 1870±728 5865±948 

Yeasts W 0±0 2±2 2±2 2±2 8±2 
S 0±0 3±2 NT 5±4 18±5 

aS – summer, W – winter, NT – not tested. 
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The results of the air quality study at four small wastewater treatment plants ob-
tained in this study, as well as the results of the authors who conducted similar studies 
at other treatment plants, indicate the need for systematic monitoring of the concentra-
tion and composition of airborne bioaerosols in and around installations designed to 
collect and treat wastewater, particularly municipal wastewater, and for determining 
permissible parameters for bioaerosols present in indoor and ambient air, as well as the 
applicable frequency and methodology for such monitoring. To date, culturing methods 
for isolating microorganisms from the air have been widely used. These methods allow 
for the detection of viable microorganisms. This does not fully reflect the health risk 
posed by airborne bioaerosols to humans and their companion animals. It also contains 
fragments of dead bacterial cells, including Gram-negative bacteria that produce endo-
toxins and fungi that produce beta-1,3-glucans. These can cause inflammation and al-
lergic reactions in humans and their companion animals, even though the cells that pro-
duced them have already died and are not detectable by culture methods. 

5. CONCLUSION 

Systematic monitoring of bioaerosol concentration and composition in wastewater 
treatment plants, including levels of viable indicator microorganisms, endotoxins, and 
β-1,3-glucans, may facilitate the implementation of more effective preventive measures 
for wastewater treatment plant workers and for residents of neighborhoods adjacent to 
the plants [25]. 

REFERENCES 

[1] RUTKOWSKI J.D., Sources of atmospheric air pollution, Wydawnictwo Politechniki Wrocławskiej, Wro-
cław 1993 (in Polish). 

[2] Regulation of the Council of Ministers of 9 November 2010 on projects that may have a significant 
impact on the environment [Journal of Laws 2010.213.1397, as amended]. 

[3] Regulation of the Minister of Health of 22 April 2005 on biological factors harmful to health in the 
work environment and the health protection of employees occupationally exposed to these factors [Jour-
nal of Laws 2005.81.716 as amended]. 

[4] MICHAŁKIEWICZ M., Formation, transmission and harmfulness of bioaerosols released into the air, 
Ochr. Środ., 2018, 40 (4), 22–30 (in Polish). 

[5] MICHALCZYK A., PAWLAS K., Influence of biological aerosol from wastewater treatment plants on work-
ers and the local residents health – literature review, Environ. Med., 2012, 15 (4), 116–122 (in Polish). 

[6] JABEEN R., AHMED M.E., HAMOUDA M.A., HASSSAN A.A., Bioaerosols in wastewater treatment plants: 
Trends, recent advances, and the influence of SARS-CoV-2 outbreak, Water, 2023, 15, 4208. DOI: 10.3390 
/w15244208. 

[7] GHOLIPOUR S., MOHAMMADI F., NIKAEEN M., SHAMSIZADEH, KHAZENI A., SAHBAEI Z., MOUSAVI S.M., 
GHOBADIAN M., MIRHENDI H., COVID-19 infection risk from exposure to aerosols of wastewater treat-
ment plants, Chemosphere, 2021, 273, 129701. DOI: 10.1016/j.chemosphere.2021.129701. 

https://doi.org/10.3390/w15244208
https://doi.org/10.3390/w15244208
https://doi.org/10.1016/j.chemosphere.2021.129701


94 P. JADCZYK 

[8] WANG Q., LIU C., SUN S., YANG G., LUO G., WANG N., CHEN B., WANG L., Enhance antibiotic re-
sistance and human health risks in aerosols during the COVID-19 pandemic, Sci. Total Environ., 
2023, 871, 162035. DOI: 10.1016/j.scitotenv.2023.162035. 

[9] GUNDY P.M., GERBA C.P., PEPPER I.L., Survival of coronaviruses in water and wastewater, Food En-
viron. Virol., 2009, 1, 10–14. DOI: 10.1007/s12560-008-9001-6. 

[10] PN-89/Z-04111/02. Air quality protection. Microbiological testing. Determining the number of bac-
teria in atmospheric air (immission) using aspiration and sedimentation sampling methods (in Polish). 

[11] PN-89/Z-04111/03. Air purity protection. Microbiological testing. Determining the number of micro-
scopic fungi in atmospheric air (imission) using aspiration and sedimentation sampling methods (in 
Polish). 

[12] GÓRNY R.L., Biohazards: standards, guidelines, and proposals for threshold limit values, Podst. Ochr. 
Środ. Pracy, 2004, 3/41, 17–39 (in Polish). 

[13] GÓRNY R.L., Biological aerosols – a role of hygienic standards in the protection of environment and 
health, Environ. Med., 2010, 13, 41–51 (in Polish). 

[14] ZWOŹDZIAK J., SZAŁATA Ł., PACIOREK M., JADCZYK P., BYELYAYEV M., Identification of malodorous 
compounds in atmospheric air and microbiological diagnostics around real objects, Wydawnictwo 
Akademii Nauk Stosowanych w Nowym Sączu, Nowy Sącz 2024 (in Polish). 

[15] MICHAŁKIEWICZ M., PRUSS A., DYMACZEWSKI Z., MICHALAK J., Hermetic effect in chosen stages of 
wastewater treatment on microbiological air pollution, Monografie Komitetu Inżynierii Środowiska, 
2009, 59, 135–143 (in Polish). 

[16] BUDZIŃSKA K., JUREK A., SZEJNIUK B., MICHALSKA M., WROŃSKI G., Microbiological air pollution in 
the area of municipal sewage treatment plant, Rocz. Ochr. Środ., 2011, 13, 1543–1588 (in Polish). 

[17] BUDZIŃSKA K., TRACZYKOWSKI A., JUREK A., SZEJNIUK B., MICHALSKA M., BERLEĆ K., The impact of 
wastewater treatment processes using SBR technology on the sanitary condition of atmospheric air, 
Rocz. Ochr. Środ., 2013, 15, 904–923 (in Polish). 

[18] KOŁWZAN B., JADCZYK P., PASTERNAK G., GŁUSZCZAK J., PAWLIK M., KRAWCZYŃSKA M., KLEIN J., 
RYBAK J., Assessing air quality in the proximity of a municipal sewage treatment plant. A case study, 
Ochr. Środ., 34 (2), 9–14 (in Polish). 

[19] PAŚMIONKA I., GALUS-BARCHAN A., OLEKSIEWICZ B., Microbiological air pollution in the area of the col-
lective waste treatment plant in Chrzanów, Pol. J. Agron., 2015, 20, 3–8. DOI: 10.26114/pja.iung.177. 
2015.20.01. 

[20] GOTKOWSKA-PŁACHTA A., FILIPKOWSKA Z., KORZENIEWSKA E., JANCZUKOWICZ W., Microbiological 
contamination of atmospheric air in the constructed wetland (with aerated and stabilization ponds) 
and in its surrounding, Water Environ. Rural Areas, 2008, 8, 1 (22), 83–98 (in Polish). 

[21] ZABŁOCKA-GODLEWSKA E., PRZYSTAŚ W., ZAK M., Assessment of possibilities of spreading of bioaer-
osol from different technological objects in small sewage treatment plants, Archit. Civil Eng. Environ., 
2022, 2, 177–185. DOI: 10.2478/ACEE-2022-0025. 

[22] MØLLER S.A., FREDERIKSEN M.W., RASMUSSEN P.U., ØSTERGAARD S.K., NIELSEN J.L., MADSEN A.M., 
Characterization of bioaerosol exposures in wastewater treatment plant workers and serum levels of lung 
and inflammatory markers, J. Hazard. Mater., 2025, 487, 137254. DOI: 10.1016/j.jhazmat.2025.137254. 

[23] ZAO Y., XIONG M., HO K., RAO Y., HUANG Y., CAO J., YUE Y., WANG J., WEN G., LI J., Bioaerosol emission 
and exposure risk from wastewater treatment plant in winter and spring,  Ecotoxicol. Environ. Saf., 2024, 
287, 117294. DOI: 10.1016/j.ecoenv.2024.117294. 

[24] WLAZŁO A., PASTUSZKA J.S., ŁUDZEŃ-IZBIŃSKA B., Assessment of exposure to bacterial aerosol 
among workers at a small sewage treatment plant, Med. Pracy, 2002, 53, 109–114 (in Polish). 

[25] JADCZYK P., Endotoxins in the air of objects of waste and wastewater management infrastructure. 
Review of the applied methodology and obtained results of the study, Environ. Protect. Eng., 2021, 47 
(2), 49–58. DOI: 10.37190/epe210204. 

https://doi.org/10.1016/j.scitotenv.2023.162035
https://doi.org/10.1007/s12560-008-9001-6
https://doi.org/10.26114/pja.iung.177.2015.20.01
https://doi.org/10.26114/pja.iung.177.2015.20.01
https://doi.org/10.1016/j.ecoenv.2024.117294
https://doi.org/10.37190/epe210204

	Small wastewater treatment plants as sources of bioaerosol emissions into the atmospheric air
	1. Introduction
	2. Materials and methods
	3. Results and discussioN
	5. Conclusion
	References



