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Abstract: The aim of this study was to evaluate the presence of potentially pathogenic mold 
and yeast-like fungi in the air in 5 seaside towns and cities (Hel, Puck, Gdynia, Sopot, and Gdańsk-
Brzeźno) between 2014-2017 and in 2018 when an emergency drop of crude sewage took place into 
the Motława River in Gdańsk. Between 2014 and 2018 from Spring until Summer, 88 atmospheric 
air samples were collected. In 2018 after an emergency discharge of sewage, a greater but statistically 
insignificant (p>0.05) number of mold and yeast-like fungi was found in the air in Hel, Puck, Sopot, 
and Gdańsk-Brzeźno compared to 2014-2017 while no breakdown of the sewage treatment plant 
occurred. Moreover, In 2018 potentially pathogenic molds and yeast-like fungi were detected, in-
cluding Aspergillus fumigatus, Stachobytrys chartarum and Candida sp. It suggests that the 
detected species of mold fungi and yeast-like fungi after the failure of the sewage treatment plant 
can bring a health-related risk for people bathing in the seaside resorts. In the case of a raw sewage 
drop into the water, it is advised that residents, especially children, the elderly, and immunodefi-
cient people, should be informed of the potentially harmful effects on their health. 
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1. Introduction 
Bioaerosol is an important airborne fraction, which includes biological elements such 

as bacteria, viruses, and fungi spores. The presence of these microorganisms has a great 
impact on the quality of atmospheric air [1]. Studies already have shown that the presence 
of spores of mold fungi and yeast-like fungi in the air may be the etiological factors of 
diseases, including pneumonia, allergy, and diabetes mellitus [2,3]. There are many 
sources of potentially pathogenic and allergenic fungi in bioaerosol. Increased number of 
mold spores or yeast fungi cells may be associated with heavy rainfall, natural catastro-
phes, or anthropogenic activity (illegal introduction of municipal wastewater into the ma-
rine environment). A special situation that may affect the higher number of fungi in bio-
aerosol is the controlled introduction a large amounts of raw sewage into the environ-
ment. Most often it is related to failures of sewage treatment plants. Studies conducted by 
Velonakis and Whitman have also shown that mold and yeast-like fungi survive in salt 
seawater and beach sand for many months [4,5]The presented studies show that an emer-
gency discharge of raw sewage, to the aquatic environment, may cause the appearance of 
potential pathogenic and allergenic molds and yeast in the air. The aim of the study was 
to investigate whether the emergency discharge of raw sewage to the Motława River 
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(river within the area of Gdańsk city) would have an impact on the mycological quality of 
the air in coastal regions of the Gulf of Gdańsk. 

2. Material and Methods 
 From 2014 to 2018 (spring to summer), 88 samples of air (0,5 m3) were collected in 5 

coastal towns (Hel, Puck, Gdynia, Spot, Gdańsk-Brzeźno). All of these spots are located 
near the coast of the Gulf of Gdańsk. The air samples were collected from 50 cm above the 
water surface at a distance of 1 m from the shoreline towards the Gulf of Gdansk. Air 
probes were taken using a SAS Super ISO 100 sampler (Italy). The number of molds and 
yeast fungus was determined by using chloramphenicol medium (YGC) and CHRO-
Magar candida medium. Media plates were incubated at 28°C for 5 days. Identification of 
the detected fungi was based on the appearance of colonies on CHROMagar candida me-
dia, and microscopic observations. The number of fungi in the air was converted to the 
number of colony-forming units (CFU/m3). When applying the impact method, we used 
the Feller table attached to the manual of the air sampler [6]. The number of colonies of 
fungi (CFU/m3) was calculated using the equation contained in the publication by 
Michalska et al. [7]. Statistical analysis of the results was carried out using R software [8] 

3. Results 
3.1. The abundance of molds and yeasts in bioaerosol before, and after the emergency discharge of 
raw sewage into Motlawa 

Our study was conducted in two different periods 2014-2017 – without emergency 
discharge of raw sewage and year 2018, with emergency disposal of untreated sewage 
into the Motława River, which flows into the Gulf of Gdańsk. Our results showed a higher 
number of mold and yeast-like fungi in the air of 4 different coastal cities: Hel, Puck, So-
pot, and Gdańsk Brzeźno. In the years 2014-2017, the average number of mold and yeast-
like fungi in the seaside town of Hel, Puck, Sopot, and Gdańsk-Brzeźno was, respectively: 
17±19 CFU/m3, 36 ± 18 CFU/m3, 16 ± 8 CFU/m3, 20 ± 10 CFU/m3. In comparison, in the year 
2018, when was an emergency discharge of raw sewage, the average number of mold and 
yeast-like fungi in the seaside town of Hel, Puck, Sopot, and Gdańsk-Brzeźno was, respec-
tively:  260±494 CFU/m3, 194 ± 90 CFU/m3, 228 ± 195 CFU/m3, 205 ± 180 CFU/m3. The 
Friedman test was used to study the difference between the number of molds and yeast-
like fungi in the years of air sampling. In 2018, in Gdynia, no (0 ± 0 CFU/m3) mold and 
yeast-like fungi were found compared to the years 2014-2017 (34 ± 35 CFU/m3). 

3.2. Differentiation of molds and yeast in bioaerosol before, and after the emergency discharge of 
raw sewage into Motlawa 

In the air samples collected in the years 2014-2017 in the towns of Hel, Puck, Gdynia, 
Sopot, and Gdańsk-Brzeźno, 4 phylum Ascomycota (98.29%), Basidiomycota (1.52%) and Zy-
gomycota, Fungi Incertae Sedis were detected (0.19%). The same phyla were detected in the 
air samples collected in the year 2018: Ascomycota (96.17%), Basidiomycota (1.21%), and Zy-
gomycota, Fungi IncertaeSedis (2.62%). 

Significant differences in the occurrence of individual species of molds and yeasts in 
the analyzed periods (2014-2017 and 2018) concerned the presence of potentially patho-
genic and allergenic mold and yeast-like fungi were in  2018. In the samples of the seaside 
air after the emergency discharge of raw sewages were detected the fungi such as Asper-
gillus fumigatus (1.45%), Stachybotrys chartarum (4.24%), Alternaria alternata (0,29%), and 
Candida albicans (27.26%). These species were not observed in the years 2014-2017. On the 
other hand in 2014-2017 in contrast to the year 2018, the fungi as Aeurobasiium pullu-
lans(1,65%) and Saccharomyces sp. (2,34%) were observed. The percentage share of molds 
and yeast-like fungi in the samples of seaside air is shown in Table 1. 
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Table 1. Persistence of fungi in marine bioaerosol in years 2014-2017 and 2018. 
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4. Discussion 
Already published studies indicate that the introduction of raw sewage into the wa-

ter environment is an important factor contributing to the increase of the number of bac-
teria and fungi in the bioaerosol in the atmospheric air of coastal regions. [7,9,10].  De-
tection of the potentially pathogenic species as Candida albicans, Stachybotrys chartarum, 
and Aspergillus fumigatus in the seaside air in 2018 is of key importance. One of the Asper-
gillus species (which are ubiquitous saprophytes), the Aspergillus fumigatus is extremely 
dangerous. These fungi are responsible for most of the invasive aspergillosis in immuno-
compromised people [11]. Research conducted by Warris et. al indicates that in hospital 
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conditions, both water and air can be a source of aspergillosis [12]. A particularly vulner-
able group of people in the case of aspergillosis caused by Aspergillus fumigatus are pa-
tients with cystic fibrosis and asthma [13]. Another pathogenic mold detected in air sam-
ples from 2018, is Stachybotrys chartarum. Infections caused by this species are closely re-
lated to agricultural land and the environment of flooded buildings. The important factor 
which has an impact on pathogenesis is toxicogenic metabolites, satratoxins [14]. The next 
important fungi are yeast: Candida albicans, which is an emerging multidrug-resistant fun-
gal pathogen. Most often this yeast is an etiological factor of invasive candidiasis, with 
high mortality rates [15]. The presence of these pathogens may in the bioaerosol of seaside 
air, maybe a significant threat to the elderly and immunosuppressed people. Moreover, 
the increased values of the total number of fungi in the air samples (as shown in our re-
search) are extremely alarming. We indicate that the number of CFU/m3 is over ten times 
higher in case of emergency discharge of raw sewage than in normal situations. 

5. Conclusions 
The result of the study from the 2018 year shows that untreated wastewater associ-

ated with emergency disposal to the Gulf of Gdańsk was a likely source of mold and yeast-
like fungi in the seaside air. The outcomes were compared with the results obtained in the 
years 2014-2017, in which the pathogenic species Candida albicans, Stachybotrys chartarum, 
and Aspergillus fumigatus were not detected. Therefore, after emergency discharges of raw 
sewage into the aquatic environment, it is necessary to monitor the microbial quality of 
air, not only in terms of bacteriology but also mycology. 
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