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ABSTRACT  

 

Thermal springs have been used for therapeutic purposes in Türkiye for centuries and remain popular for both health-related 

treatments and recreational activities. However, the increasing use of thermal pools without strict hygiene measures has been 

associated with rising incidences of infections such as folliculitis, dermatitis, otitis, conjunctivitis, and respiratory, genitourinary, and 

gastrointestinal infections. In this study, 24 water and air samples from eight indoor spa pools were examined, yielding 205 fungal 

isolates. Microfungal counts ranged from 5 to 1,228 cfu/m³ in air and 2,000 to 228,000 cfu/m³ in water. The isolates belonged to 

genera including Aspergillus, Penicillium, Alternaria, Paecilomyces, Mucor, Rhizopus, Fusarium, Pythium, and others. The fungal 

community was dominated by Penicillium (35%) and Aspergillus (29%). Among the 69 Aspergillus isolates, medically important 

species such as A. fumigatus, A. terreus, A. niger, and A. flavus were detected. These findings demonstrate that thermal pools may 

serve as reservoirs for opportunistic fungi, underscoring the need for molecular surveys and stricter monitoring to minimize public 

health risks. 

 

Keywords: Aspergillus, thermal waters, indoor air, airborne microfungi.

 
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1. INTRODUCTION  

 

Natural spring waters, an important part of life in almost 

all cultures since prehistoric times, have been used by 

humans for therapeutic purposes such as healing 

wounds and relieving pain, and sometimes for mystical 

purposes (Mias et. Al., 2025; Velikova, 2025). Thermal 

spring pools used for therapeutic purposes pose 

significant microbiological risks. However, indoor 

pools, especially due to the warm and humid 

environments found in thermal springs, are particularly 

suitable for the growth and spread of fungi. Fungi can 

grow in many environments with sufficient carbon 

sources and moisture, including ceiling tiles, wood 

products, paint, pictures, carpets, some furniture, books, 

plaster, wallpaper (drywall), laundry, and other fabrics
 

(Robins and Morell, 2007). Fungal spores, introduced to 

pools by air, water, and human sources, can thrive in 

these areas due to the high humidity levels (Gots and 

Layton, 2003). 

 

Indoor air quality is very important for human health 

(Yeşiltaş, 2024). A number of studies have examined 

the health risks associated with the presence of fungi in 
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indoor environments and have found a positive 

correlation between fungal levels and health problems 

(Xiao et. Al., 2025; Groot et al., 2023; European 

Environment and Health Information System, 2007). 

Spores of some airborne microfungi can cause disease 

processes such as aspergillosis and histoplasmosis when 

inhaled by immunocompromised individuals. 

Respiratory diseases are the most common health 

problems in fungal colonized environments (Maaranen 

et. al., 2025; Holden et al., 2023). 

 

Since the indoor pools in spas are open to public use, 

the risk of microorganisms being transmitted from 

outside the pool, such as through entrances, changing 

rooms, and shower cabins, is higher than the risk of 

contamination from pool water. Therefore, the areas 

where community treatments are most frequently 

encountered in spas are the pools where public 

treatments are conducted. Furthermore, the immune 

systems of people using spas may be weaker than those 

of the general population. This situation is quite 

favorable for the development of opportunistic 

pathogenic fungi. Most people who breathe air 

contaminated with fungal spores can be identified by 

symptoms such as headache, vomiting, nausea, stuffy 

noses, asthmatic rhinitis, wheezing, conjunctival 

irritation, skin rashes, chest tightness, difficulty 

breathing, runny nose, fever, muscle aches, and 

diarrhea. Volatile products of molds present in the 

environment can cause toxic diseases or mycotoxicoses 

(Abbot, 2002; Straus and Wilson, 2006). 

 

A large number of fungi have been identified in 

different indoor air environments in many parts of the 

world. Airborne fungi commonly found in indoor 

environments are: Alternaria sp, Aspergillus glaucus 

group, A. versicolor, A. fumigatus, A. sydowii, 

Penicilium aurantiogriseum, P. chrysogenum, 

Stachybotrys chartarum, Chaetomium globosum, 

Cladosporium cladosporoides, Ulocladium, Aspergillus 

nidulans and Alternaria alternata (Ayanbimpe et al., 

2012). In studies conducted to determine fungal 

contamination in public swimming pools of various 

countries, samples were taken from various surfaces, air 

and pool water and as a result Aspergillus sp. 

Cladosporium sp., Fusarium sp., Acremonium sp., 

Penicillium sp., Alternaria sp., Candida sp., Rhizopus 

sp. species were found to be frequently encountered 

fungi. Studies have shown that Aspergillus sp. species 

are among the most common fungi
 
(Adamowicz et al., 

2019; Agababova and Hon, 2018; Brandi et al., 2007; 

Hanbakhsh et al., 2004). 

 

Thermal tourism has become quite popular in our 

country in recent years. However, due to the use of 

thermal pools without following hygiene rules, the 

incidence of various infections, such as follicular 

dermatitis and dermatitis, ear and eye infections, skin 

irritation, and respiratory, genitourinary, and 

gastrointestinal tract infections, has increased 

significantly in recent years
 
(Alim et al., 2002; Yılmaz 

Sarıözlü et al., 2012). Furthermore, many sources 

generally focus on bacterial and viral infections when 

discussing these infections, while fungal infections are 

overlooked
 

(Savcı and Şahin, 2019). Conducting 

quantitative studies to simultaneously determine the 

water and air quality of indoor pools in thermal facilities 

located in different districts of Kütahya, which are 

important for thermal tourism, is crucial for gaining 

insight into the epidemiology of opportunistic pathogens 

that cause infections in these regions (Sarmadian et al., 

2020). In this study, the isolation of potentially 

pathogenic microfungi from hot spring pool water and 

indoor air, the qualitative determination of microfungal 

density, the identification of isolates at genus level and 

the identification of Aspergillus sp. containing 

potentially pathogenic species at species level using 

morphological identification criteria by macroscopic 

and microscopic examination were carried out. 

 

2. EXPERIMENTAL 

 

2.1. Materials 

 

2.2.1. Site description and characterization of hot 

sprigs 

 

The research material was obtained by sampling hot 

water and indoor air samples taken from indoor thermal 

pools in Kütahya province, Çiftlikköy thermal springs in 

Yoncalı district, Ilıca thermal springs in Gediz district, 

Eynal, Çitgöl and Naşa thermal springs in Simav 

district, Osmanlı, Dereli and Kaynarca thermal springs 

in Emet district, Göbel thermal springs in Tavşanlı 

district and Esire thermal springs in Hisarcık district 

(Table 1) twice on 18.10.2020 and 23.10.2021. The 

temperatures of the sampled pool waters and the 

humidity rate of the pool environments were measured 

during sampling. 

 

Table 1. Coordinates of the sampled hot springs. 
Region No. Name Coordinates 

1. Yoncalı Çiftlikköy Hot Springs 39.47561, 29.83089 

2. Gediz Ilıca Hot Springs 38.94666, 29.26532 

3. Simav Çitgöl Hot Springs 39.13098, 28.95576 

4. Simav Eynal Hot Springs 39.09582, 28.98632 

5. Simav Naşa Hot Springs 39.14909, 28.96950 

6. Emet Hot Springs 39.46350, 29.27251 

7. Tavşanlı Göbel Hot Springs 39.52555, 29.50690 

8. Hisarcık Esire Hot Springs 39.21055, 29.30675 

 

2.2. Methods 

 

2.2.1. Water and air sampling 

 

A total of 12 different water and air samples were 

collected from the selected hot springs during each of 

the two sampling sessions, resulting in 24 water samples 
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and 24 air samples being used for fungal isolation 

studies. Water samples were collected in 1 L sterile 

polypropylene bottles and transported to the laboratory 

in an insulated bag, where microbiological analyses 

were conducted on the same day. A total of 200 L of 

indoor air was sampled from the enclosed thermal pool 

environment using a microbial air sampler (AirIDEAL), 

with two replicate samplings of 100 L each. 

 

2.2.2. Isolation and counting of microorganisms 

from hot water/air samples 

 

The membrane filtration method was used for the 

enumeration and isolation of fungi from hot spring 

water. 500 ml of each water sample taken from the 

indoor thermal pools of the hot springs into sterile 

bottles was filtered using sterile membrane filters with 

0.22 µm pore diameter, and these filters were placed in 

petri dishes containing Potato dextrose agar (PDA) 

(Merck, Germany) supplemented with 500 mg 

streptomycine
 
(Yarita et al., 2007), which was used as 

an isolation medium, and incubated at 30 ºC for 7-14 

days. Experiments were performed in 2 replicates. On 

the other hand, a total of 200 L of air was aspirated from 

the indoor air of the indoor thermal pools of the selected 

hot springs using a Microbial Air Sampling Device 

(AirIDEAL), 100 L per sampling (in 2 replicates). 

Dichloran Glycerol Agar (DG 18) (Merck, Germany) 

media was used in the sampling process
 
(Samson et al., 

2010) and then brought to the laboratory and incubated 

at 30 ºC for 7-14 days. The Petri dishes were examined 

at intervals of 24 to 48 hours. After incubation period, 

the count of fungi in the water/air samples was 

determined and expressed as colony-forming unit per m
3
 

of the water/air (cfu/m
3
). The isolates obtained in pure 

form were stored at both +4 
o
C and -20 

o
C. 

 

2.2.3. Identification of microfungi 

 

All isolates were grown on Malt Extract Agar (MEA) at 

25°C 7 days for identification. Microfungi were 

identified to the genus level on the basis of their 

microscopic and colonial characteristics (Barnett and 

Hunter, 1999; Hasenekoğlu, 1991). Lacto-Cotton Blue 

(Lacto-Cotton Blue – LCB- Mounting Medium) (Sime 

et al., 2002) was used as an examination medium to 

enable examination under light microscopy after 

incubation of microfungi in the media. 

 

For species-level identification of Aspergillus isolates, 

fresh cultures were inoculated onto Petri dishes 

containing Czapek Dox Agar (CDA), Czapek Yeast 

Extract Agar supplemented with 20% sucrose (CY20S), 

Czapek Yeast Extract Agar (CYA), and Malt Extract 

Agar (MEA). Plates were incubated at 25 °C for 7 days, 

with additional CYA plates incubated at 37 °C for the 

same period
 

(Klich, 2002; Samson et al., 2010). 

Following incubation, macroscopic characteristics-

including colony diameter, texture, surface and reverse 

coloration, pigmentation, exudate production, and 

sclerotia formation—were systematically recorded. 

Micromorphological features such as spore dimensions 

and pigmentation, vesicle morphology, stipe size, and 

the presence of Hülle cells, ascospores, and cleistothecia 

were examined using light microscopy. Species-level 

identification was achieved by comparing the observed 

characteristics with established taxonomic keys (Klich, 

2002). The current names of fungi identified at the 

genus and/or species level, along with the corresponding 

author citations, were standardized in accordance with 

the Index Fungorum Partnership database (Hawksworth 

et al., 2011). 

 

2.2.4. Statistical analysis  

 

Statistical analyses were performed using SPSS 23.0 

(Statistical Package for Social Sciences). Descriptive 

statistics were presented as mean ± standard deviation 

(SD) for continuous variables. The independent samples 

t-test was used for comparisons of means between two 

or more groups. The Mann-Whitney-U test was used for 

variables that did not show a normal distribution in 

comparisons between paired groups. The Kruskal-

Wallis test was used to assess differences between three 

or more independent groups when parametric 

assumptions were not met. A p value of <0.05 was 

considered statistically significant 

 

3.RESULTS 

 

3.1.Features of hot springs 

 

The temperatures of the sampled pool waters vary 

between 24-30 
o
C. The humidity rates in the pool 

environments where air samples were taken were 

determined as 65% in Çiftlikköy hot springs in Yoncalı 

district, 55% in Ilıca hot springs in Gediz district, 59%, 

55%, 54% in Eynal, Çitgöl and Naşa hot springs in 

Simav district, respectively, 75%, 70%, 68% in 

Osmanlı, Dereli and Kaynarca hot springs in Emet 

district, respectively, 48% in Göbel hot springs in 

Tavşanlı district and 69% in Esire hot springs in 

Hisarcık district. 

 

3.2. Microfungal enumeration 

 

A total of 12 different pool water and air samples were 

taken in two sampling runs to isolate filamentous 

microfungi. The number of colonies that developed on 

the petri dishes after the isolation inoculations are 

shown in Table 2. Morphologically distinct colonies 

were purified from the isolates mixed in the isolation 

petri dishes. As a result of the purification processes, the 

first isolation run yielded a total of 103 isolates: 74 from 

air samples and 29 from water samples. The second 

isolation run yielded a total of 102 isolates: 69 from air 

samples and 33 from water samples. The total number 

of isolates was 205, of which 143 were isolated from air 
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samples and 62 from water samples. The pure isolates 

were stored at both +4°C and -20°C. The distribution of 

air and water samples of the first isolation by region was 

found to be statistically significant (p=0.0003, 

p=0.0018, respectively) (Table 2). The distribution of 

air and water samples of the second isolation by region 

was found to be statistically highly significant 

(p=0.0003, p=0.0005, respectively) (Table 2). 

 

 

Table 2. Number of microfungi obtained in the first and second isolation study. 

Isolation 

Sample Codes
* 

p 
1.1 

(n=5) 

1.2 (n=5) 2.1 (n=5) 3.1 (n=5) 4.1 (n=5) 4.2 (n=5) 5.1 (n=5) 6.1 (n=5) 6.2 

(n=5) 

6.3 

(n=5) 

7.1 (n=5) 8.1 

(n=5) 

M ± SD 

1 Air samples 

(CFU/m
3
) 

5 ± 0.63 75 ± 0.75 220 ± 
1.02 

40 ± 0.63 65 ± 0.75 95 ± 
0.63 

45 ± 1.02 185 ± 
0.75 

15 ± 
0.75 

75 ± 
0.63 

140 
± 

0.89 

75 ± 
1.41 

0.0003*** 

Water samples 

(CFU/m
3
) 

2000 ± 7.1 68000 ± 32.2 2000 ± 

7.1 

3800 ± 

7.2 

4000 ± 

32.2 

- 8000 ± 

32.6 

20000 

± 
38.5 

2000 

± 7.7 

4000 ± 

20.6 

- - 0.0018** 

2 Air samples 

(CFU/m
3
) 

115 ± 3.22 1228 ± 15.97 205 ± 

3.41 

165 ± 

3.22 

165 ± 1.72 590 ± 

54.13 

10 ± 0.63 64 ± 

1.79 

180 ± 

17.03 

85 ± 

0.63 

110 

± 
0.89 

240± 

7.07 

0.0003*** 

Water samples 

(CFU/m
3
) 20000 ± 

70.7 168000 ± 63.2 - 
6000 ± 

77.2 
18000 ± 

114 
14000 ± 

63.6 
12000 ± 

68.1 
2000 
± 66 

8000 

± 
63.3 

228000 
± 69.4 

4000 

± 
63.4 

2000 

± 
64.5 

0.0005*** 

* In code numbers, the 1st digit indicates the region and the 2nd indicates the sample number 

**p<0.01, ***p<0.001, M: Average, SD: Standard deviation 

 

When the amounts of microorganisms in the first and 

second isolations of air samples were compared, the 

samples from the second isolation in regions 1.1, 1.2, 

3.1, 4.1, 4.2, 6.2, 6.3 and 8.1 were found to be  

 

statistically higher (p<0.001) (Figure 1). The samples 

from the second isolation in regions 2.1, 5.1, 6.1 and 7.1 

were found to be statistically lower (p<0.001) (Figure 

1). 

 
Figure 1. Comparison of the amount of microorganisms in the air samples of the first and second isolation 

***p<0.001 

 

  

When the amounts of microorganisms in the first and 

second isolations of water samples were compared, the 

samples from the second isolation in regions 1.1, 1.2, 

4.2, 6.1, 6.3 and 7.1 were found to be statistically higher 

(p<0.001) (Figure 2). The samples from the second 

isolation in regions 4.1 and 6.2 were found to be 

statistically lower (p<0.001) (Figure 2). In the first 

isolation, microorganisms from air samples were 

significantly different from those from 12 different 

locations (Mean = 86.3, SD = 63.08) compared to those 

from water samples at 9 different locations (Mean = 

16443.8, SD = 21695.9), t(103) = -5.84 p< 0.00001. In 

the second isolation, microorganisms from air samples 

were significantly different from those from 12 different 

locations (Mean = 263.08, SD = 325.8) compared to 

those from water samples at 11 different locations 

(Mean = 43818.18, SD = 74706.6), t(133) = -4.52 p< 

0.00001. 
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Figure 2. Comparison of the amount of microorganisms in the water samples of the first and second isolation 

***p<0.001 

 

3.3. Fungal isolates 

The isolated fungi were identified based on their 

morphological characteristics. During identification 

based on morphological criteria, macroscopic and 

microscopic examinations were used to determine 

which of the main fungal genera all isolates belonged to. 

These genera and the hot spring air and water samples 

from which they were obtained are listed in Tables 3-6. 

Among the fungal isolates obtained in this study, 

members of the genus Penicillium sp. were the most 

dominant, representing 35% of the total community. 

When all identified Aspergillus taxa were considered 

collectively as Aspergillus sp., (Figure 3) they  

 

 

accounted for 29% of the isolates, highlighting the 

ecological prominence of this genus within the sampled 

habitats. Alternaria sp. comprised 10% of the isolates, 

whereas non-spore-forming fungi represented 6%. The 

remaining fraction, constituting 20% of the total, 

consisted of less frequently encountered genera, 

including Paecilomyces sp., Mucor sp., Rhizopus sp., 

Pythium sp., Fusarium sp., and unidentified Ascomycota 

spp. As a result of the analysis, 69 isolates were 

identified as Aspergillus, 56 of which were isolated 

from air samples and 13 from water samples. The 

species distribution of isolates within the Aspergillus 

genus is given in Figure 4. 

 

 

Figure 3. a-Macroscopic (on CYA 37 oC, CYA, CDA, CY20S, MEA) and b-microscopic (light microscope 100x; ascosporic head 
structure, conidia) images of Aspergillus fumigatus 
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Table 3. Microfungi identified in the first isolation from 

air samples. 
Region No Isolate Code * Genus/Species 

1 

1.1.1.1 Aspergillus fumigatus 

1.1.2.1 Alternaria sp. 

1.1.2.2 Aspergillus europaeus 
1.1.2.3 Aspergillus amstelodami 

1.1.2.4 Ascomycota sp. 

1.1.2.5 Ascomycota sp. 
1.1.2.6 Penicillum sp. 

1.1.2.7 Alternaria sp. 

2 

1.2.1.1 Penicillum sp. 

1.2.1.2 Penicillum sp. 
1.2.1.3 Penicillum sp. 

1.2.1.4 Alternaria sp. 
1.2.1.5 Alternaria sp. 

1.2.1.6 Alternaria sp. 

1.2.1.7 Non-spore forming fungi 
1.2.1.8 Alternaria sp. 

1.2.1.9 Aspergillus terreus 

1.2.1.10 Alternaria sp. 
1.2.1.11 Aspergillus niger 

3 

1.3.1.1 Ascomycota sp. 

1.3.1.3 Penicillum sp. 

1.3.1.4 Alternaria sp. 
1.3.1.5 Alternaria sp. 

1.3.1.6 Penicillum sp. 

4 

1.4.1.1 Aspergillus sclerotiorum 
1.4.1.2 Aspergillus montevidensis 

1.4.1.3 Aspergillus montevidensis 

1.4.1.4 Penicillum sp. 
1.4.1.5 Paecilomyces sp. 

1.4.1.6 Aspergillus tubingensis 

1.4.1.7 Aspergillus montevidensis 
1.4.1.8 Aspergillus flavus 

1.4.2.1 Aspergillus flavus 

1.4.2.2 Aspergillus neoniveus 
1.4.2.3 Non-spore forming fungi 

1.4.2.4 Ascomycota sp. 

1.4.2.5 Aspergillus flavus 
1.4.2.6 Aspergillus tabacinus 

1.4.2.7 Aspergillus chevalieri 

1.4.2.8 Bipolaris sp. 
1.4.2.9 Aspergillus tabacinus 

1.4.2.10 Aspergillus chevalieri 

1.4.2.11 Ascomycota sp. 
1.4.2.12 Aspergillus tabacinus 

1.4.2.13 Non-spore forming fungi 
[* In code numbers, the 1st digit indicates the second isolate, the 2nd digit 

indicates the region, the 3rd digit indicates the sample number, and the 4th digit 

indicates the isolate number.] 

 

Table 3. Microfungi identified in the first isolation from 

air samples (continue) 
Region No Isolate Code * Genus/Species 

5 

1.5.1.1 Penicillum sp. 

1.5.1.2 Alternaria sp. 

1.5.1.3 Penicillum sp. 

1.5.1.4 Aspergillus flavus 

1.5.1.5 Alternaria sp. 
1.5.1.6 Alternaria sp. 

1.5.1.7 Non-spore forming fungi 

1.5.1.8 Alternaria sp. 

6 

1.6.1.1 Aspergillus terreus 

1.6.1.2 Penicillum sp. 

1.6.1.3 Aspergillus ochraceus 

1.6.2.1 Curvularia sp. 

1.6.2.2 Aspergillus tubingensis 

1.6.3.1 Paecilomyces sp. 

7 

1.7.1.1 Aspergillus magaliesburgensis 

1.7.1.2 Aspergillus magaliesburgensis 

1.7.1.3 Non-spore forming fungi 
1.7.1.4 Mucor sp. 

1.7.1.5 Aspergillus chevalieri 

1.7.1.6 Penicillum sp. 
1.7.1.8 Aspergillus magaliesburgensis 

1.7.1.9 Alternaria sp. 

1.7.1.10 Aspergillus ostianus 

1.7.1.11 Penicillum sp. 

1.7.1.12 Penicillum sp. 

1.7.1.13 Penicillum sp. 
1.7.1.14 Penicillum sp. 

8 
1.8.1.1 Alternaria sp. 

1.8.1.2 Aspergillus niger 
[* In code numbers, the 1st digit indicates the second isolate, the 2nd digit indicates 

the region, the 3rd digit indicates the sample number, and the 4th digit indicates the 

isolate number.] 

 

Table 4. Microfungi identified in the first isolation from 

water samples. 
Region 

No 

Isolate Code * Genus/Species 

1 

S.1.1.1.1 Non-spore forming fungi 

S.1.1.2.1 Aspergillus unguis 

S.1.1.2.2 Aspergillus niger 

S.1.1.2.3 Paecilomyces sp. 

S.1.1.2.4 Paecilomyces sp. 

2 S.1.2.1.1 Alternaria sp. 

3 

S.1.3.1.1 Fusarium sp. 

S.1.3.1.2 Penicillum sp. 
S.1.3.1.3 Non-spore forming fungi 

S.1.3.1.4 Paecilomyces sp. 

S.1.3.1.5 Fusarium sp. 
S.1.3.1.6 Non-spore forming fungi 

4 

S.1.4.1.1 Rhizomucor sp. 

S.1.4.1.2 Aspergillus austwickii 

S.1.4.2.1 Non-spore forming fungi 
S.1.4.2.2 Paecilomyces sp. 

5 

S.1.5.1.1 Aspergillus niger 

S.1.5.1.2 Pythium sp. 
S.1.5.1.3 Pythium sp. 

6 

S.1.6.1.1 Pythium sp. 

S.1.6.1.2 Pythium sp. 

S.1.6.1.3 Pythium sp. 
S.1.6.1.4 Pythium sp. 

S.1.6.1.5 Aspergillus niger 

S.1.6.2.1 Aspergillus flavus 

S.1.6.2.2 Penicillum sp. 

S.1.6.2.3 Aspergillus niger 

S.1.6.3.1 Pythium sp. 
S.1.6.3.2 Mucor sp. 

[* In code numbers, the 1st digit indicates the second isolate, the 2nd digit indicates 

the region, the 3rd digit indicates the sample number, and the 4th digit indicates the 

isolate number.] 

 

Table 5. Microfungi identified in the second isolation from 

air samples. 
Region No Isolate Code * Genus/Species 

1 

2.1.1.1 Penicillum sp. 

2.1.1.2 Penicillum sp. 

2.1.1.3 Paecilomyces sp. 

2.1.1.4 Penicillum sp. 

2.1.1.5 Penicillum sp. 
2.1.1.6 Rhizopus sp. 

2.1.2.1 Aspergillus flavipes 

2.1.2.2 Penicillum sp. 
2.1.2.3 Penicillum sp. 

2.1.2.4 Aspergillus flavus 

2.1.2.5 Penicillum sp. 

2 

2.2.1.1 Aspergillus flavus 

2.2.1.2 Aspergillus terreus 

2.2.1.3 Penicillum sp. 

2.2.1.4 Penicillum sp. 
2.2.1.5 Penicillum sp. 

2.2.1.6 Penicillum sp. 

3 2.3.1.1 Penicillum sp. 
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2.3.1.2 Penicillum sp. 

2.3.1.3 Alternaria sp. 
2.3.1.4 Penicillum sp. 

2.3.1.5 Aspergillus niger 

2.3.1.6 Penicillum sp. 
2.3.1.7 Alternaria sp. 

2.3.1.8 Rhizopus sp. 

4 

2.4.1.1 Aspergillus chevalieri 
2.4.1.2 Penicillum sp. 

2.4.1.3 Alternaria sp. 

2.4.1.4 Penicillum sp. 
2.4.1.5 Penicillum sp. 

2.4.1.6 Alternaria sp. 

2.4.1.7 Aspergillus sydowii 
2.4.1.8 Helminthosporium sp. 

2.4.1.9 Aspergillus terreus 

2.4.1.10 Penicillum sp. 
2.4.2.1 Aspergillus tubingensis 

2.4.2.2 Ascomycota sp. 

2.4.2.3 Aspergillus niger 

2.4.2.4 Aspergillus flavus 

2.4.2.5 Mucor sp. 

5 
2.5.1.1 Penicillum sp. 
2.5.1.2 Penicillum sp. 

[* In code numbers, the 1st digit indicates the second isolate, the 2nd digit indicates 

the region, the 3rd digit indicates the sample number, and the 4th digit indicates the 

isolate number.] 

 

Table 5. Microfungi identified in the second isolation from 

air samples (continue). 
Region No Isolate Code * Genus/Species 

6 

2.6.1.1 Non-spore forming fungi 

2.6.1.2 Talaromyces sp. 

2.6.1.3 Paecilomyces sp. 
2.6.1.4 Penicillum sp. 

2.6.1.5 Penicillum sp. 

2.6.1.6 Penicillum sp. 
2.6.2.1 Aspergillus sydowii 

2.6.2.2 Penicillum sp. 
2.6.2.3 Aspergillus tubingensis 

2.6.2.4 Aspergillus flavus 

2.6.2.5 Penicillum sp. 
2.6.2.6 Penicillum sp. 

2.6.3.1 Penicillum sp. 

2.6.3.2 Aspergillus tennesseensis 

2.6.3.3 Aspergillus jensenii 

2.6.3.4 Non-spore forming fungi 

2.6.3.5 Penicillum sp. 
2.6.3.6 Penicillum sp. 

2.6.3.7 Aspergillus fumigatus 

7 

2.7.1.1 Aspergillus sydowii 

2.7.1.2 Aspergillus terreus 

2.7.1.3 Paecilomyces sp. 

2.7.1.4 Penicillum sp. 

8 

2.8.1.1 Aspergillus montevidensis 

2.8.1.2 Non-spore forming fungi 

2.8.1.3 Aspergillus niger 
[* In code numbers, the 1st digit indicates the second isolate, the 2nd digit indicates 

the region, the 3rd digit indicates the sample number, and the 4th digit indicates the 

isolate number.] 

 

Table 6. Microfungi identified in the second isolation from 

water samples. 
Region No Isolate Code * Genus/Species 

1 

S.2.1.1.1 Penicillum sp. 
S.2.1.1.2 Penicillum sp. 

S.2.1.1.3 Penicillum sp. 

S.2.1.1.4 Penicillum sp. 
S.2.1.2.1 Penicillum sp. 

S.2.1.2.2 Penicillum sp. 

S.2.1.2.3 Penicillum sp. 
S.2.1.2.4 Alternaria sp. 

S.2.1.2.5 Penicillum sp. 

S.2.1.2.6 Penicillum sp. 

3 
S.2.3.1.1 Non-spore forming fungi 
S.2.3.1.2 Penicillum sp. 

4 

S.2.4.1.1 Mucor sp. 

S.2.4.1.2 Penicillum sp. 
S.2.4.1.3 Penicillum sp. 

S.2.4.2.1 Aspergillus niger 

S.2.4.2.2 Penicillum sp. 

5 

S.2.5.1.1 Penicillum sp. 
S.2.5.1.2 Penicillum sp. 

S.2.5.1.3 Aspergillus fumigatus 

S.2.5.1.4 Penicillum sp. 

6 

S.2.6.1.1 Penicillum sp. 

S.2.6.2.1 Aspergillus sydowii 

S.2.6.2.2 Myriococcum sp. 
S.2.6.2.3 Penicillum sp. 

S.2.6.3.1 Aspergillus chevalieri 

S.2.6.3.2 Aspergillus cheber 

S.2.6.3.3 Penicillum sp. 

S.2.6.3.4 Penicillum sp. 

S.2.6.3.5 Penicillum sp. 

7 
S.2.7.1.1 Penicillum sp. 

S.2.7.1.2 Penicillum sp. 

8 S.2.8.1.1 Aspergillus fumigatus 
[* In code numbers, the 1st digit indicates the second isolate, the 2nd digit indicates 

the region, the 3rd digit indicates the sample number, and the 4th digit indicates the 

isolate number.] 

 

 
Figure 4. Species distribution (%) of isolates within the 

Aspergillus genus. 

 
4. DISCUSSION   
 

Examining the water and air of thermal spring pools in 

Kütahya province allowed us to identify mold growth in 

the water and air and to determine whether the observed 

mold counts and fungal profiles are a concern for the 

health of pool personnel and visitors. Our fungal 

screening study, conducted with air and water samples 

from indoor thermal spring pools located in six districts 

and eight different facilities in Kütahya province, was 

conducted on two different dates. Fungal loads in air 

samples from pool environments were found to be 5-

220 CFU/m
3
 in the first isolation run and 10-1255 

CFU/m
3
 in the second isolation run. Fungal loads in 

water samples were found to be 0-68,000 CFU/m
3
 in the 

first isolation run and 0-228,000 CFU/m
3
 in the second 
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isolation run. Given that there was no seasonal change 

during the first and second isolation runs, we believe 

that the increases in both air and water samples are 

related to the intensity of thermal spring pool use. This 

is because our first isolation study was conducted during 

a period when the number of people in indoor spaces 

was limited as part of the precautions taken during the 

Covid-19 pandemic, while the second isolation study 

was conducted when this was not the case. This 

demonstrated how fungal loads can vary depending on 

usage intensity and that an increase in fungal load is 

inevitable in a crowded pool environment. In the first 

isolation study, the spa with the highest airborne fungal 

load was found at Gediz Ilıca Hot Springs, the spa with 

the lowest was found at Yoncalı Çiftlikköy Hot Springs. 

The spa with the highest waterborne fungal load was 

found at Yoncalı Çiftlikköy Hot Springs, and the spas 

with the lowest loads were found at Simav Eynal, 

Tavşanlı Göbel, and Hisarcık Esire Hot Springs. In the 

second isolation study, the hot spring with the highest 

airborne fungal load was found at Yoncalı Çiftlikköy 

Hot Springs, and the lowest at Simav Naşa Hot Springs. 

The hot spring with the highest waterborne fungal load 

was found at Emet Hot Springs, and the lowest at Gediz 

Ilıca Hot Springs. It is believed that there is no 

consistent relationship between the mold density values 

obtained from the different hot springs in the first and 

second isolation studies, and that this finding is not 

related to humidity and temperature values. 

 

In a study in Italian indoor swimming pools, monitoring 

the air quality of 10 facilities, the total fungal load in the 

air of one of the pools was found to be 25.5 CFU/m
3 

(Brandi et al., 2007). In another study, fungi were 

detected in the air of 6 indoor swimming pools in the 

Toronto area during the winter season of 2017, and the 

loads in zones 1 to 6 ranged from 18 CFU/m
3
 to 81 

CFU/m
3
 (Agababova and Hon, 2018). Viegas et al. 

(2010) found a total fungal load of 135 CFU/m
3
 in air 

samples taken from gyms with indoor swimming pools
 

(Viegas et al., 2010). The colony counts obtained from 

the air samples in our study are similar to these studies 

conducted by various researchers. However, most 

studies in this area have been conducted for regular 

swimming pools, not spa pools. 

 

In our study, Aspergillus sp., Penicillium sp., Alternaria 

sp., Paecilomyces sp., Bipolaris sp., Curvularia sp., 

Mucor sp., Rhizopus sp., and Helminthosporium sp. 

were identified in samples taken from the ambient air of 

the hot spring pool, and the most frequently encountered 

species were Aspergillus sp. and Penicillium sp. There 

was no significant difference in species diversity in the 

first and second isolations. The mold genera we isolated 

from the air samples in our study overlap with those 

found in the study by Brandi et al. (2007) (Aspergillus, 

Penicillium, Cladosporium and Alternaria). In a study 

on bioaerosol microbial diversity in sports facilities, 

including swimming pools, Cladosporium sp., Fusarium 

sp., Acremonium sp., Penicillium sp., Alternaria sp., and 

Aspergillus sp. were found, and it was demonstrated that 

these species affect human health and performance 

(Adamowicz et al., 2019). The species found in this 

study are parallel to our study, and the same risks apply 

to the spas where we worked. 

 

In another study identifying fungi in the air of six indoor 

swimming pools in the Toronto area, the most common 

fungal groups were Cladosporium (59.8%), Penicillium 

(19.2%), and Alternaria (5.5%). Among the fungi 

isolated from all pools, Alternaria, Nigrospora, 

Rhizomucor, Aspergillus niger, Aspergillus fumigatus, 

and Aspergillus versicolor, all known to be harmful to 

human health, were found
 
(Agababova and Hon, 2018). 

Despite the significant geographical differences 

between this Toronto study and ours, the diversity of 

fungal genera obtained was quite similar. Furthermore, 

the fact that Aspergillus constituted the majority of the 

species harmful to human health isolated from the pool 

air by the researchers further validates the use of this 

group for species-level identification in our study. 

In our study, Penicillium sp., Aspergillus sp., Alternaria 

sp., Paecilomyces sp., Fusarium sp., Pythium sp., 

Myriococcum sp., Mucor sp., and Rhizomucor sp. were 

determined in samples taken from hot spring pool water. 

Penicillium sp. was the most frequently encountered 

species, followed by Aspergillus sp. and Pythium sp. In 

a study conducted to determine fungi in swimming 

pools in Urmia, Iran, Aspergillus sp. was found to be 

56.25%, Candida sp. 22.9%, Rhizopus sp. 4.16%, other 

filamentous fungi 16.6%, and other yeast species 2.8% 

in samples taken from various surfaces and pool water  

(Hanbakhsh et al., 2004). Ten indoor public swimming 

pools in Ahwaz, Iran, were investigated for six months 

and the dominant groups among the molds isolated from 

the pool waters were Aspergillus and Penicillium, while 

Alternaria, Cladosporium, Mucor, Rhizopus, 

Ulocladium, Paecilomyces and various yeasts were also 

identified (Rafiei and Amirrajab, 2010). 

 

Aspergillus fumigatus, A. terreus, A. niger, A. 

montevidensis, A. tubingensis, and A. flavus were the 

most frequently encountered Aspergillus species in our 

study (Figure 4). A total of 69 isolates identified as 

Aspergillus sp. were obtained from the air and water 

samples of the hot springs examined in the study, 56 of 

which were isolated from the air samples and 13 from 

the water samples. This revealed that the Aspergillus 

spore density in the air was higher than in the water. 

Furthermore, there was no significant difference in the 

number of Aspergillus spores between the first and 

second isolations, nor in the density of air and water 

samples. Similar to our study, in terms of members of 

the Aspergillus genus, air and surface samples were 

collected at four different times of the year in a study 

examining 10 indoor swimming pool facilities in Italy. 

The identification and identification of isolated species 

were carried out using cultural and morphological 
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methods. A. flavipes, A. flavus, A. fumigatus, A. glaucus, 

A. nidulans, A. niger, A. ustus and A. versicolor species 

belonging to the genus Aspergillus were obtained in air 

and surface samples (Brandi et al., 2007). 

 

The biodiverse filamentous fungal profile found at 

various sites in our study included mold groups 

associated with adverse health effects in humans, such 

as Alternaria, Rhizomucor, and Aspergillus species 

(Table 7). These species are known allergens and are 

associated with respiratory diseases (Goldstein et al., 

1992; Knutsen et al., 2012). Rhizomucor exposure has 

been associated with healthy individuals developing 

infections in the lungs, gastrointestinal tract, and 

paranasal sinuses (Goldstein et al., 1992). Alternaria has 

been associated with the development of asthma in 

individuals without previous health problems. A. 

fumigatus has been associated with the development of 

asthma, allergic bronchopulmonary aspergillosis, and 

hypersensitivity to increased exposure to A. fumigatus in 

individuals with asthma and/or cystic fibrosis (Knutsen 

et al., 2012). 

 

Although there are no known published safe exposure 

thresholds for airborne mold spores, they have been 

associated with adverse health effects on surrounding 

areas and can pose a risk to many individuals. Indoor air 

quality monitoring is commonly performed by 

comparing mold species and concentrations found 

indoors with those of the outdoor environment; this is 

used as a reference point for assessing the presence of 

mold contamination in the indoor environment
 
(Viegas 

et al., 2010). While there is no standard information for 

airborne mold spore exposure limits, studies suggest 

that exposure limits are only necessary if a single fungal 

group has >50 CFU/m
3
 or if multiple fungal groups 

have >150 CFU/m
3 

(Miller et al., 1988). Therefore, the 

mold spore concentrations found in this study may be 

considered low for some hot springs but quite high for 

others. The geographic location of the hot spring, the 

presence of agricultural activities in the area, the 

intensity of pool use, and hygiene conditions are 

thought to account for these differences. 

 

Numerous studies have been conducted worldwide to 

investigate the physical, chemical, and microbiological 

elements of swimming pool water. The results indicate 

the presence of various chemical and infectious agents 

in these pools, posing a serious health threat to those 

who come into contact with them. Because indoor spa 

pools attract people year-round, water safety and 

hygiene are of particular importance. Human skin 

infections have increased significantly in recent years, 

and one of the most significant reasons for this is 

frequent human contact with contaminated indoor water 

environments. Fungal skin infections are a worldwide 

problem, regardless of age or gender (Mavridou et al., 

2018). Although this was a pilot study, the results from 

the water samples in our study indicate that species that 

could pose a risk to human health were also isolated 

from the water. 

 

5. CONCLUSION 

 

In conclusion, modern spa facilities offer an increasing 

variety of uses, including sports, fitness, wellness, and 

rehabilitation. The proliferation of swimming pools, 

water parks, spas, saunas, and wellness centers is 

therefore crucial for addressing a wide range of users, 

special needs, and health-related issues. Constant 

vigilance and appropriate sanitary measures are 

essential to protect the safety of staff, patients, and 

clients. In addition to bacteria and protozoa, biological 

risk sources include pathogenic fungi, whose ubiquitous 

aquatic presence makes them particularly viable in 

humid, hot, and crowded spa environments. Monitoring 

air, surfaces, and water, along with the application of 

integrated microbiological and molecular techniques, 

appears crucial for effective monitoring and strategic 

control procedures. The epidemiological study 

presented in this study on fungal contaminants was 

conducted at an indoor spa pool in the Kütahya 

province, which can be considered a pilot study for 

Turkey, from 24 different water and air samples 

collected from eight different regions in the districts of 

the province. Interestingly, considering the results, 

despite adherence to existing local recommendations 

regarding swimming pool safety, a high level of fungal 

biodiversity was observed in a complex ecosystem. 

Although there is a regulation for spa environments, this 

regulation does not include any provisions regarding the 

presence limits of filamentous fungi in air and water. 

This pilot study highlights the seriousness of this 

situation and the need for further, more comprehensive 

research on this topic.  
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