
Introduction

The microbial world is a vast universe with innumerable 
species. Microorganisms have been found in caverns, deep 
seas, hot springs, and other places uninhabited by people.
They also populate indoor and outdoor environments in urban 
and rural areas (Barberan et.al. 2015).

Despite their unprecedented role in protecting the 
environment, sewage treatment plants are also sources of 
bioaerosol emission (Michałkiewicz et al. 2009, Filipkowska et 
al. 2009, Breza-Boruta 2010, Michałkiewicz et al. 2011). The 
level of pollution caused by these facilities depends on many 
factors including the composition of sewage, the concentration 
of microorganisms in sewage, the size and capacity of 
the facility, methods and equipment, and meteorological 
conditions (Breza-Boruta 2010). Harmful microorganisms are 
released from the equipment used in the plant hence prolonged 
exposure of staff to bioaresol emission in certain places can be 
dangerous (Michałkiewicz 2015). Numerous studies indicate 
that bioaerosol is detected in areas located up to 3km from the 

plant (Michalak and Pawlas 2012), which means that bioaerosol 
emission from sewage into the air poses health hazard not only 
for the employees of the plant but also for the residents of the 
neighboring areas (Kołwzan et al. 2012). The most commonly 
reported problems include respiratory infections, digestive 
disorders, skin allergies and general symptoms, which can be 
caused by endotoxins and mycotoxins released by bacteria and 
fungi (Michalak and Pawlas 2012).

Bioaerosols formed during sewage treatment most 
commonly contain intestinal bacteria, bacteria of the genus 
Pseudomonas, yeasts and fungi, dermatophytes of the 
Trichophyton and Microsporum genera, protozoan cysts and 
worm eggs, enteroviruses, and retroviruses (Kołwzan et al. 
2005). The bacterial community is dominated by staphylococci 
and streptococci (Łebkowska 2001), which indicates the 
presence of drug-resistant pathogens.

The rise of antibiotic resistance among pathogenic bacteria 
is observed with increasing frequency. This trend in bacterial 
evolution has a tremendous infl uence on human health and is 
therefore a priority challenge for modern medicine.
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Abstract: The study was aimed at evaluating microbial contamination on the premises of the sewage treatment 
plant by determining the concentrations of selected groups of airborne microorganisms. Another objective was 
to determine the antibiotic sensitivity patterns of isolated strains of staphylococci. The research was conducted 
in a seasonal cycle, by the impaction method using Merck MAS-100 air sampler. Samples were collected at six 
sites, each representing a different stage of sewage treatment. The susceptibility of isolated staphylococci was 
assessed with the disc-diffusion method, following the recommendations of the EUCAST. The results indicate that 
the microbial population in the air of the investigated area was dominated by mold fungi, whose highest average 
concentration was recorded at site IV located near the fi nal clarifi er (7672 CFU•m-3). Heterotrophic bacteria 
and mannitol-positive staphylococci were the most numerous at locations where sewage undergoes primary 
treatment. In each subseuqent stage the number of microorganisms emitted into the air from the sewage was 
lower. Antibiograms show that more than 50% of Staphylococcus spp. exhibited resistance to penicillin and 20% 
to rifampicin. In addition, 90% of the analyzed strains were sensitive to other antibiotics. The fungal community 
included the following genera: Cladosporium, Fusarium, Alternaria, Penicillium, Aspergillus, Aureobasidium, 
and Acremonium.The highest air contamination with all studied groups of microorganisms was recorded at the 
locations where mechanical sewage treatment was performed. During the subsequent stages lower numbers of 
heterotrophic bacteria were emitted into the air.

The air in the investigated sewage treatment plant did not contain multidrug-resistant staphylococci.
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A range of local and global factors affect the impact of 
municipal facilities (including sewage treatment plants) on the 
environment and human health. The regular monitoring of this 
kind of premises seems to be a necessary measure.

Materials and Methods
Microbial air quality was assessed on the premises of the sewage 
treatment plant located in north-east Bydgoszcz, Poland. Every 
day the plant receives up to 41,000 m³ of wastewater collected 
from the city areas spread on the left bank of the Brda River 
and from the neighboring municipalities i.e. Dobrcz, Osielsko 
and Dąbrowa Chełmińska. The facility has a modern sewage 
sludge incineration plant.

Sampling sites and sampling
The research was conducted in a seasonal cycle (spring, 
summer, autumn, winter), by the impaction method using 
Merck MAS-100 air sampler. Samples were collected at six 
sites, each representing a different stage of sewage treatment: 
Site I – near the bar screen, Site II – near the primary clarifi er, 
Site III – between the aeration tanks and bioreactors, Site IV 
– near the fi nal clarifi er, Site V – near the effl uent sampling 
chamber, Site VI – near the entrance to the plant.

The amount of 50–100 liters of air (depending on the 
expected contamination level) was fi ltered in the sampler’s 
chamber containing a Petri dish fi lled with a suitable nutrient 
medium. The microorganisms from the air stream were 
sucked in by the air sampler and deposited on the surface of 
the medium. Sampling was always conducted in three parallel 
repeats. The air samples were transported to the laboratory, 
placed in a thermostat and incubated for a specifi c time at an 
appropriate temperature. Subsequently, the grown colonies 
were counted and their number was expressed as colony 
forming units per cubic meter of air (CFU·m-3).

Microbiological analysis
The microbial analysis determined the following: 1) the total 
number of heterotrophic bacteria, 2) the number of mannitol-
-positive bacteria of the Staphylococcus genus and their 
resistance to antibiotics 3) the number and genera of mold 
fungi.

The total number of heterotrophic bacteria was determined 
using TSA agar medium. Bacteria were incubated at 37°C for 
48 hours, then grown colonies were counted and their number 

was expressed as colony forming units per cubic meter of air 
(CFU·m-3).

The presence of mannitol-positive staphylococci was 
detected using Chapman nutrient medium (Biocorp, Poland). 
Bacterial cultures were incubated at 37°C for 48 hours and then 
grown colonies were counted. A bright yellow zone around 
a colony indicated a positive result. In addition, taxonomic 
analysis of the strains was performed using BIOLOG 
fi ngerprinting method.

Antibiotic resistance of the identifi ed staphylococcus 
strains was determined using the disc diffusion method. 
Paper discs containing antibiotics were placed on medium 
inoculated with randomly selected strains of mannitol-positive 
staphylococci. Eight different groups of antibiotics (penicillin, 
cefoxitin, gentamycin, erythromycin, tetracycline, levofl oxacin, 
chloramphenicol and rifampicin) were used to assess the full 
spectrum of resistance of the strains (Table 1). After an 18-hour 
incubation at 37°C we measured zones of inhibited growth 
formed around the discs. The results were compared with 
the guidelines of the European Committee on Antimicrobial 
Susceptibility Testing (EUCAST 2015). Subsequently, the 
investigated strains were divided into three groups: susceptible, 
moderately susceptible and resistant to antibiotics.

The number of mold fungi was determined using 
Sabouraud’s nutrient medium (Biocorp, Poland). After fi ve 
days of incubation at 26°C, grown colonies were counted and 
their number was expressed as colony forming units per cubic 
meter of air (CFU·m-3). Mold fungi were identifi ed on the basis 
of their macro- and microscopic features using the Samson et 
al. (2000) key.

The results were analyzed in STATISTICA 6.0. Statistical 
analysis was based on Kruskal-Wallis test (one-way ANOVA 
on ranks), which assesses statistically signifi cant differences 
between groups of data.

Results
The results indicate that the population of microorganisms in 
the air of the investigated area was dominated by mold fungi 
(Table 2), whose highest average concentration (7672 CFU·m-3) 
was recorded at sampling site IV located at the fi nal clarifi er. 
At the remaining sites their average concentration ranged 
from 1858 CFU·m-3 to 2860 CFU·m-3. Heterotrophic bacteria 
were the most numerous at site II located near the primary 
clarifi er (903 CFU·m-3,) and the least numerous at site V near 

Table 1. List of antibiotics used in the study

Name of antibiotic Symbol of disc Concentration of antibiotic (μg) 

Benzylpenicillin P1 1 unit

Cefoxitin FOX 30

Levofl oxacin LEV5 5

Gentamicin CN10 10

Erythromycin E15 15

Tetracycline TE30 30

Cloramphenicol C30 30

Rifampicin RA5 5
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the effl uent sampling chamber (25 CFU·m-3). The average 
concentration of mannitol-positive staphylococci ranged from 
5 CFU·m-3 to 14 CFU·m-3 depending on the sampling site. 
Microbial concentrations were subject to seasonal variations: 
the highest number of heterotrophic bacteria was noted in 
summer and that of staphylococci in the summer–autumn 
period. Mold fungi were abundant from spring to autumn. In 
winter, we recorded the lowest concentrations of all groups of 
microorganisms (Table 3).

Antibiotic sensitivity of mannitol-positive staphylococci 
(measured with the use of the disc diffusion method) is shown in 
Figure 1. The results indicate that more than 50% of the isolated 
strains were resistant to penicillin, and 20% to rifampicin. Over 
90% of the strains were sensitive to tetracycline, cefoxitin, 
gentamycin, levofl oxacin and chloramphenicol.

Table 4 presents the results of the identifi cation of bacteria 
grown on Chapman medium (bright yellow zone around the 
colony). The isolates were initially identifi ed as mannitol-
-positive staphylococci; their taxonomic affi liation was later 
confi rmed using BIOLOG fi ngerprinting method. The results 
indicate that the bacterial population was dominated by bacteria 
of the genus Bacillus (64%). Staphylococci constituted only 
27% of the bacterial community.

The generic composition of airborne mold fungi is presented 
in Figure 2. The airborne microbial population was dominated by 
fungi of the genus Cladosporium, constituting 64% of the fungal 
population. The contribution of other genera was much lower 
– Fusarium (12%), Penicillium and Alternaria (9%), Aspergillus 
(8%). Molds of the genus Aureobasidium and Acremonium had 
the lowest contribution, namely 2% and 1% respectively.

Table 2. The concentration of microorganisms in 1 m3 of air at all sampling sites

Sampling sites
Heterotrophic bacteria Staphylococci Mold fungi

M±SD, range (CFU·m-3)

I – near the bar screen 
157±93 14±13 1858±2009

(27–240) (0–27) (420–4830)

II – near the primary clarifi er
903±780 10±10 2266±1848

(280–1680) (0–20) (210–4410)

III – between the aeration tanks and bioreactors
112±81 6±6 1993±1470

(30–200) (0–13) (160–3530)

IV – near the fi nal clarifi er
288±482 7±8 7672±6509

(27–1010) (0–17) (210–15090)

V – near the effl uent sampling chamber
25±17 5±6 2273±1458

(17–50) (0–13) (150–3430)

VI – near the entrance to the plant
113±67 8±11 2860±2012

(30–180) (0–27) (160–4980)

M – mean, SD – standard deviation

Table 3. The concentration of microorganisms in 1 m3 of air on the premises of the sewage treatment plant 
depending on the season

Date of sampling
Heterotrophic bacteria Staphylococci Mold fungi

M±SD, range (CFU·m-3)

13.05.2014 275±539 3±3 4207±5400

 (17–1370) (0–7) (1200–15090)

24.07.2014 553±651 16±6 3854±3374

 (50–1680) (10–23) (980–10558)

30.09.2014 143±102 14±9 4335±690

 (17–280) (3–27) (3430–4980)

19.01.2015 93±104 0 218±102

 (17–280) (0–0) (150–420)

M – mean, SD – standard deviation
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Statistical analysis shows no signifi cant differences 
between the numbers of the studied microbial groups and 
sampling sites. Statistically signifi cant differences were 
found only between the concentrations of selected groups of 
microorganisms in some seasons (Table 5).

Discussion
Nowadays, sewage treatment plants ensure the safety of 
effl uents and their compliance with environmental protection 
in accordance with the Regulation of the Minister of the 
Environment of 18 November 2014, Journal of Laws 2014, 
item 1800. On the other hand, they can be a source of 
bioaerosols.

Sewage aeration and mixing (particularly the resulting 
splash) create favorable conditions for bioaerosol formation. 
Bioaerosol is generated from the bursting bubbles produced by 
the aeration systems which provide oxygen for biodegradation 
processes (Vítˇezová et al. 2012). 

Bioaerosol formed in the process of sewage treatment 
may pose a potential health hazard to employees of sewage 
treatment plants and to inhabitants of surrounding areas.

The risks of exposure can be reduced by locating sewage 
treatment plants outside urban centers. However, the growth of 
urban sprawl brought residential and commercial development 
near these facilities. Recent legislative changes have forced 
water and sewerage companies to take measures to reduce 
bioaerosol emission, improve odour control, and monitor 
air quality on plant premises and in their vicinity (Kołwzan 
et al. 2012). Currently in Poland there are no relevant legal 
instruments defi ning acceptable levels of microbial air 
contamination. Previous standards PN-89/Z-04111/02, 
PN-89/Z-04111/0, annulled in 2015, have not yet been 
replaced. As a result, air quality assessment is based on the 
limit values of microbial contamination defi ned in the old 
documents. Alternatively, the results are compared with the 
guidelines from researchers and institutions studying this issue 
(Chmiel et al. 2015).

Fig. 1. Antimicrobial resistance of mannitol-positive staphylococci
P1 – Benzylpenicillin, TE30 – Tetracycline, C30 – Cloramphenicol , CN10 – Gentamicin, 

FOX – Cefoxitin, E15 – Erythromycin, RA5 – Rifampicin, LEV5 – Levofl oxacin

Table 4. Predominant bacteria isolated from Chapman medium

Genus Percentage (%) Dominant species

Bacillus 64 B. pumilus, B. licheniformis

B.ruris 

Staphylococcus 27 S. warneri, S. vitulinus

S. epidermidis, S. hominis

S. haemolyticus

Macrococcus 3 M. equipercicus 

 Paenibacillus 2 P. anaericanus

Virgibacillus 1 V. proomii

others 3  
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The time of year as well as meteorological and environmental 
factors play an important role in the release and distribution of 
particulate matter and microorganisms in the air (Haas et al. 
2013). The concentration of microorganisms in the air samples 
collected from the investigated sewage treatment plant varied 
and depended on the season, weather, and sampling site.

The highest average concentration of heterotrophic 
bacteria, i.e. 903 CFU·m-3, was recorded at Site II near the 
primary clarifi er. Increased average number of heterotrophic 
bacteria in the air is typically recorded at locations connected 
with pre- and primary sewage treatment, i.e. at bar screens, grit 
chambers and primary clarifi ers. This observation is confi rmed 
by the results obtained by Li et al. (2011) and Breza-Boruta 
(2010), who noted the highest concentration of mesophilic 
bacteria near grit chambers. In addition, our results indicate 
that lower number of heterotrophic bacteria was emitted in each 
subsequent stage of sewage treatment. Thus at site V located 
at the effl uent sampling chamber we recorded their lowest 
average concentration, i.e. 25 CFU·m-3. This fact is extremely 
important not only for the evaluation of the plant’s capacity, 
but also for the assessment of the effi ciency of methods applied 
in the process of sewage treatment.

The comparison of the results of this study with the 
literature data leads to the conclusion that the air in the 
investigated sewage treatment plant did not contain high number 
of heterotrophic bacteria. Much higher levels of bacterial 
contamination were recorded in the sewage treatment plant in 
Tehran (Iran), with a maximum number of mesophilic bacteria 
recorded near the aerobic digester, and a minimum, near the 
grit chamber (Kermani et al. 2016). Similarly, Kalwasińska 
et al. (2014) and Miaśkiewicz-Pęska et al. (2015) recorded 
considerably higher concentration of airborne heterotrophic 
bacteria at landfi ll sites.

Mannitol-positive staphylococci constituted a small 
group in the airborne microfl ora at the investigated sewage 
treatment plant. The highest average concentration of these 
microorganisms was noted at Site I located near the grit 
chamber, i.e. 14 CFU·m-3. Similar results were obtained by 
Breza-Boruta (2010), who recorded the highest level of air 
contamination with these microorganisms in preliminary stages 
of sewage treatment in the sewage treatment plant “Igła” in 
Chojnice (12 CFU·m-3) Much higher concentration (up to 4875 
CFU·m-3) was detected at active landfi ll sites (Breza-Boruta 
2016).

Table 5. Statistical differences between the numbers of identifi ed groups of microorganisms in different research seasons

Microorganisms  13.05.2014 24.07.2014 30.09.2014 19.01.2015

13.05.2014  ns ns ns

Heterotrophic bacteria 24.07.2014 ns  ns ns

30.09.2014 ns ns  ns

 19.01.2015 ns ns ns  

 13.05.2014  ns ns ns

Staphylococci 24.07.2014 ns  ns **

30.09.2014 ns ns  **

 19.01.2015 ns ** **  

 13.05.2014  ns ns ns

Mold fungi 24.07.2014 ns  ns ns

30.09.2014 ns ns  ***

 19.01.2015 ns ns ***  

ns – differences statistically non-signifi cant, * – p ≤ 0,05, ** – p ≤ 0,01, *** – p ≤ 0,001

Fig. 2. Predominant genera of airborne fungi at the sewage treatment plant in Bydgoszcz
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Staphylococci serve as biological indicators of air pollution: 
they indicate the presence of pathogenic microorganisms 
displaying high drug resistance. The recommendation to monitor 
air quality is aimed at assessing the ability of pathogenic bacteria 
to acquire resistance to antibiotics and prevent epidemics.

Antimicrobial resistance occurs naturally over time, usually 
through genetic changes. However, the misuse and overuse of 
antimicrobials may accelerate this process. Antibiotics are often 
given without professional oversight and are taken by people 
with viral infections. As a result, antimicrobial resistance of 
bacterial strains can develop further, making them insensitive 
even to modern drugs (Nahaei et al. 2015).

In the present study, more than 50% of manniotol-
-positive staphylococci showed resistance to penicillin, which 
resulted from their ability to produce penicillinase. Similar 
results were obtained by Gandara et al. (2006) investigating 
antibiotic resistance of Staphylococcus aureus isolated from 
residential houses in Texas (USA): 60.46% of the tested strains 
were penicillin-resistant. Moreover the studies by Siviri et al. 
(2016) indicated too, that the most of identifi ed isolates were 
resistance to penicillin (n=11) 

Different observations were made by Zhou and Wang 
(2013) who analyzed the effect of various antibiotics on 
staphylococci isolated from the waiting room in the metro 
station in Shanghai; only 28% of the strains were resistant to 
penicillin. According to the literature data bacteria isolated 
from places different than hospitals are sensitive to majority 
of currently used antibiotics and resistant only to methacycline 
and tetracycline (Hrynkiewicz et al. 2005). Our results show 
that the air in the sewage treatment plant in Bydgoszcz did not 
contain multidrug-resistant staphylococci. More than 90% of 
the analyzed strains were sensitive to tetracycline, cefoxitin, 
gentamycin, chloramphenicol, and levofl oxacin. Similarly, 
Breza-Boruta and Paluszak (2007) did not detect the presence 
of staphylococci resistant to multiple antibiotics in the Sewage 
Treatment Plant in Toruń.

The population of microorganisms at sewage treatment 
plants and landfi ll sites contains a diversity of species including 
those which are dangerous to human health. Airborne bacteria 
at the investigated sewage treatment plant were dominated by 
bacteria of the genus Bacillus (64%). Stapylococci constituted 
only 27% of the bacterial population. Similar results were 
obtained by Kermani et al. (2016) investigating air quality at the 
sewage treatment plant in Tehran, Iran. They reported similar 
percentage contribution of the following three genera: Bacillus 
spp. (36%), Staphylococcus spp. (35%) and Micrococcus spp. 
(29%). Kalwasińska et al. (2014) also noted the dominance of 
Bacillus spp. (45.5%) and Staphylococcus spp. (30.6%) among 
mesophilic bacteria in the air at the landfi ll site in Toruń. In 
this study we identifi ed fi ve Staphylococcus spp.: S. warneri, 
S. vitulinus, S. epidermidis, S. hominis, and S. haemolyticus. 
Frączek and Kozdrój (2016) noted the presence of S. sciurii 
i S. xylosus at the landfi ll site in Barycz.

We noted seasonal differences in the abundances of 
airborne microorganisms; heterotrophic bacteria and mannitol-
positive staphylococci were the most numerous in summer, 
and mold fungi, in autumn. In winter, the concentrations of 
all microorganisms decreased sharply, which can be attributed 
to the unfavorable weather conditions, e.g. low temperature 
reducing the survival rate of microorganisms. Similar results 
were published by other researchers investigating air quality at 

sanitation facilities (Kołwzan et al. 2012, Miaśkiewicz-Pęska 
and Szyłak-Szydłowski 2015, Schlosser et al. 2016).

Fungi are a predominant group in the air and they account 
for about 70% of all microorganisms. More than 40,000 species 
of fungi have been isolated so far (Abdel Hameed et al. 2015).

Mold fungi were the most abundant group of 
microorganisms also at the studied sewage treatment plan. 
Their highest number was recorded at Site IV near the fi nal 
clarifi er (7672 CFU m-3), the lowest, at Site I near the bar screen 
(1858 CFU·m-3) and at site III between aeration chambers 
(1993 CFU·m-3).

According to numerous studies aeration chambers in 
bioreactor tanks are a major source of microbial emission. 
In our study, however, concentration of microorganisms at 
the sampling site situated between the aeration chambers 
was low or lower than at other sites. Budzińska et al. (2011) 
suggest that aeration equipment and methods (coarse or fi ne 
bubble aeration) determine microbial emission in sewage 
treatment. Coarse bubble aeration is generally associated with 
the highest emission of microorganisms (Brandi, 2000), while 
fi ne bubble aeration, with the lowest. Bydgoszcz facility uses 
ECOQUARTZ 60 ceramic tubes for fi ne bubble aeration. 
Consequently, microbial emission investigated in this study 
was lower than in other studies.

Environmental pollution and threats connected with the 
presence of fungi in the air results from the fact that they can 
cause allergies, asthma, broncho- and pulmonary mycoses, and 
general infections (Kim et al., 2013, Kalwasińska et al., 2014).

The airborne fungi at the sewage treatment plant in 
Bydgoszcz were dominated by the genus Cladosporium 
(64%). The contribution of other genera was much lower, 
namely Fusarium (12%), Alternaria and Penicillium (9%) and 
Aspergillus (8%). Aureobasidium and Acremonium were the 
least numerous, and accounted for only 2% and 1% of fungal 
population, respectively. Similar compositions were recorded 
by other researchers at landfi lls (Kalwasińska et al. 2014, 
Breza-Boruta 2016) or sewage treatment plants (Viegas 2014, 
Kermani et al. 2016).

Numerous publications and our own studies indicate that 
sewage treatment plants are a source of bioaerosol, which may 
contain pathogenic microorganisms, posing health hazard 
for both employees of these facilities and inhabitants of the 
surrounding areas. Therefore, there is a need for regular 
monitoring of air quality on the premises and in vicinity of 
these plants. The results indicating microbial air contamination 
should suggest taking appropriate protection measures. The 
results of numerous studies indicate that the impact of sewage 
treatment plants on the environment could be reduced by 
undertaking certain remedial actions such as hermetisation 
of the facilities which are the biggest emitters of aerosol or 
planting vegetation barriers. Other recommended actions 
include the location of sewage treatment plants on the leeward 
side of cities and at a certain distance from residential areas 
(Michałkiewicz et al. 2009).

Conclusions
The air on the premises of the sewage treatment plant in 
Bydgoszcz, Poland was dominated by mold fungi. In relation to 
the literature data, the concentration of heterotrophic bacteria 
was low.
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Low emission of mold fungi at the site located near the 
aeration chamber can be associated with fi ne bubble aeration 
in sewage treatment.

The highest air contamination with all studied groups of 
microorganisms was recorded at locations where mechanical 
sewage treatment is performed. During the subsequent stages 
lower numbers of heterotrophic bacteria were emitted into the air.

The results of many studies indicate that it is necessary to 
monitor air quality in sewage treatment plants. Hermetization 
of facilities on their premises which are the biggest pollutants 
can help reduce the emission of bioaerosol.

The air in the investigated sewage treatment plant did not 
contain multidrug-resistant staphylococci.
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Mikrobiologiczne zanieczyszczenie powietrza na terenie oczyszczalni ścieków 
oraz antybiotykooporność bakterii z rodzaju Staphylococcus spp.

Streszczenie: Celem pracy była ocena stopnia mikrobiologicznego zanieczyszczenia powietrza na terenie 
oczyszczalni ścieków, określonego na podstawie liczebności wybranych grup drobnoustrojów oraz ocena 
wrażliwości wyizolowanych szczepów gronkowców na wybrane antybiotyki, co pozwoliło określić stopień ich 
antybiotykooporności. Badania przeprowadzono w cyklu sezonowym, przy użyciu metody zderzeniowej za pomocą 
próbnika MAS-100 Merck. Próbki pobierane były z 6 stanowisk badawczych zlokalizowanych w miejscach 
reprezentujących poszczególne etapy oczyszczania ścieków. Lekowrażliwość wyizolowanych gronkowców oce-
niano metodą dyfuzyjno-krążkową zgodnie z rekomendacjami EUCAST. Analizy wykazały, że wśród mikrobiota 
powietrza najliczniej występowały grzyby pleśniowe osiągając maksimum liczebności na stanowisku IV zloka-
lizowanym przy osadniku wtórnym radialnym (7672 CFU•m-3). Bakterie heterotrofi czne i gronkowce mannitolo- 
dodatnie najliczniej występowały w miejscach wstępnego etapu oczyszczania ścieków. Wraz z zaawansowaniem 
procesów oczyszczania, ścieki emitowały do powietrza atmosferycznego coraz mniejszą ilość mikroorganizmów. 
Na podstawie antybiogramów stwierdzono, że ponad 50% badanych szczepów Staphylococcus spp. wykazywała 
oporność wobec penicyliny i 20% wobec rifampicyny, natomiast 90% analizowanych szczepów było wrażliwych 
na pozostałe antybiotyki. Wśród grzybów pleśniowych w powietrzu na terenie oczyszczalni ścieków odnotowano 
grzyby z rodzaju: Cladosporium, Fusarium, Alternaria, Penicillium, Aspergillus, Aureobasidium i Acremonium.

Największym zanieczyszczeniem powietrza, w przypadku wszystkich badanych grup mikroorganizmów, 
charakteryzowały się stanowiska zlokalizowane w miejscach odpowiedzialnych za część mechaniczną procesu 
oczyszczania ścieków. Wraz z zaawansowaniem procesów oczyszczania, ścieki emitowały do powietrza atmosfe-
rycznego coraz mniejszą ilość bakterii heterotrofi cznych. Na terenie oczyszczalni ścieków nie stwierdzono 
rozprzestrzeniania się szczepów gronkowców wielolekoopornych.


