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Abstract: Nowadays, sanatorium treatment is undergoing a renaissance; however, data
on air quality in such premises are scarce. The aim of this study was to characterize
microbial air quality at the Szczawnica sanatorium in Southern Poland. The bioaerosol
measurements were carried out using a 6-stage Andersen impactor over a period of one
year in 3 naturally ventilated sanatorium premises (where different curative treatments
took place) and in outdoor air. The indoor and outdoor concentrations of fungal aerosol
were always below 1,600 cfu/m3. With regard to bacterial contamination, the highest concentrations (up to 6,223 cfu/m3) were usually noted when the patients were present and
underwent curative procedures. Such concentrations crossed the Polish threshold limit
values, which suggest that natural ventilation in this type of premises did not ensure the
proper air quality; therefore a high-performance ventilation or air-conditioning system
should be introduced to provide the “clean” air into the curative treatment rooms. Qualitative evaluation of bioaerosols revealed that the most prevalent indoors were Gram-positive cocci, mesophilic actinomycetes, and filamentous fungi. Analysis of microclimate
parameters confirmed that only relative humidity of the air influenced significantly the
levels and composition of microbial aerosols. Hence, the constant control of this parameter should be scrupulously supervised at sanatorium premises.
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INTRODUCTION
Air pollution is one of the main factors affecting the
quality of both indoor and outdoor environments. The importance of air quality is emphasized by the fact that its
rapid changes caused by heavy gaseous and particulate
emissions into the atmosphere can result in an increase in
appearance of adverse health effects. From this perspective, a biological contamination of the air seems to play a
crucial role, especially for the people who have been already suffering from (e.g., seasonal) aerosol exposure or
have serious health problems which need a professional
hospital care (such as immunodeficiency) [6, 46, 51]. In
these cases, an additional exposure to relatively pathogenic
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or even saprophytic microorganisms can strengthen the adverse outcomes [8, 19, 41, 42, 63].
Modern and comprehensive health resort treatment helps
to mobilize an immune system to fight against a disease.
This effect can be achieved by both relief from environmental hazards as well as by a supplementation (or sometimes replacement) of the pharmacotherapy with the same
therapeutic agents, but of natural origin [5, 13, 17, 21, 23,
29, 37, 62]. Apart from the agents directly connected with
medical therapy, sanatorium treatment is supported by
the use of different health stimulants, such as inhalations,
mineral waters, bathing peloids (e.g., muds, clay), climatic
stimulants, and various forms of energy [9, 12, 13, 14, 15,
36, 52, 62, 67]. In social feeling, all these factors are found
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to be, if not adiaphorous, beneficial for human health. For
these reasons, sanatorium treatment has been undergoing
a renaissance and become fashionable, not only in Poland,
but in other countries as well [9, 13, 57]. Putting aside all
the proofs by presumption, which could be easily challenged, several detailed pulmonological studies indicate
the purposefulness of this type of treatment for different
respiratory diseases. From the medical point of view, specific therapeutic conditions achieved in natural subterraneotherapy chambers, or (sometimes artificially) created
salt chambers in spa resorts, have proved to be beneficial
for heath [9, 11, 13, 15, 25, 36].
Proper air quality is the basic criterion when a region or
resort is considered for therapeutic and prophylaxis functions [57, 67]. For patients with respiratory tract diseases,
inhalation of both natural (including biological) and artificially generated no-drug aerosols can be beneficial for the
therapy [2, 3, 5, 14, 15, 17, 21, 23, 29, 36, 67]. The human
organism adapts to specific microclimatic and microbiological conditions during the treatment processes, which
result in the reorganization of its functions, and systemic
side effects are avoided or minimized [13, 14, 15, 17, 21,
23, 29, 36]. As the microbial quality of the air is a key
factor in inhalation therapy, the aim of this study was to
quantitatively and qualitatively characterize the microbial
air quality of the Szczawnica sanatorium located in one of
the most popular health resorts in Southern Poland.
MATERIALS AND METHODS
The study was carried out in a sanatorium in Szczawnica, which is one of the oldest health resorts in Southern
Poland. Szczawnica as a spa has been known since the 18th
century due to a piedmont, mild climate with high insolation and relatively low precipitation levels, as well as quiet
atmosphere. Apart from a healing microclimate, the balneological resources and mineral water springs are the major
benefit of Szczawnica. The name of the resort stems from
sour waters called by the highlanders “sorrels”. Hence,
this health resort specializes in medical treatment of the
respiratory tract (chronic pneumonia, asthma, respiratory
allergies, infections of respiratory tract, chronic obstructive pulmonary disease, bronchiectasis, pneumoconiosis,
states after pneumonia and bronchitis) and laryngological
(sinusitis, pharyngitis) diseases, as well as arteriosclerosis,
osteoporosis, uric acid diathesis and constipations. The
medicinal treatment is successfully combined with other
medications such as hydropathy, inhalations, physiotherapy and kinesitherapy.
The measurements of biological aerosol were carried out
over a period of one year (January–December 2008), twice
in each of the 4 seasons. The air samples were collected
in 3 buildings (all located within a radius of 200 m): Nature Treatment Institute (where curative treatments such as
therapeutic bathtubs or underwater massages take place),
Inhalatorium (a big chamber where patients in several

NATURE TREATMENT
INSTITUTE BUILDING
S1 – room with mineral
water bathtub
S2 – room with underwater massage bathtub
IN-B – indoor background

PUMP-ROOM
BUILDING
S3 – well-room
IN-B – indoor
background

INHALATORIUM
BUILDING
S4 – inhalation
chamber
S5 – individual
inhalation cabin
IN-B – indoor
background

OUTDOOR BACKGROUND

Figure 1. Short description of sampling points.

specifically designed cabins are individually exposed to
medical aerosols), and the Pump-room (where patients can
drink different mineral waters straight from the springs).
All the studied premises were naturally ventilated. In each
of these buildings the samples were taken (in triplicates)
in the rooms during treatment courses with patients, and in
the same rooms after curative treatment without them. In
addition, in each of the investigated buildings, an indoor
background concentration of bacterial and fungal aerosols
(IN-B) was established. The rooms where no curative treatment takes place, were selected for this purpose. Moreover,
in front of the Nature Treatment Institute building, outdoor
air samples were also collected to obtain data on the background (atmospheric) level of microbial contamination
(OUT-B). Selected sampling points with their brief characteristics are presented in Figure 1.
The air samples were collected using a 6-stage Andersen
impactor (model 10-710, Graseby-Andersen, Inc., Atlanta,
GA, USA). The sampler was placed at a height of 1.0–1.5
m above the floor or ground (outdoor measurement) level
to simulate aspiration from the human breathing zone. A
5-minute sampling period was applied for the collection
of bacterial and fungal aerosols. Samples were taken at a
flow rate of 28.3 L/min. Bacteria were collected first, on
blood trypticase soy agar (TSA; Becton, Dickinson and
Company, Sparks, MD, USA). After impactor reloading,
the fungi were collected on malt extract agar (MEA; Oxoid
Ltd., Basingstoke, Hampshire, UK). During sampling, the
air temperature and relative humidity (RH) were measured
using a hytherograph (model Omniport 20, E+E Elektronik
GmbH, Engerwitzdorf, Austria).
The TSA plates were incubated for 1 day at 37ºC followed
by 3 days at 22ºC and another 3 days at 4ºC, and MEA plates
for 4 days at 30ºC followed by 4 days at 22ºC. After incubation of the plates, the qualitative and quantitative analyzes
of growing microorganisms were performed. The concentration of bioaerosols was calculated as colony forming units
per cubic meter of air (cfu/m3). Bacterial strains were identified by Gram staining, their morphology and, finally, by the
biochemical API tests (bioMérieux, Marcy l’Etoile, France).
Fungi were identified according to their morphology using
several identification keys [7, 20, 24, 58, 61].
As the collected data had a non-parametric distribution,
the statistical analyzes were performed by Kruskal-Wallis
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Table 1. Bacterial and fungal aerosol concentrations (cfu/m3) at Szczawnica
sanatorium.
Environment

Bacteria
Range

A

Median

Fungi

Median

Range

25-75% percentile

3500

3000

Median
2500

Sanatorium premises
137–6223

676

18–1247

254

Rooms after
curative treatment
without patients

21–1560

379

0–1109

131

Indoor background

671–2431

1435

35–1575

228

Outdoor background

14–366

70

14–352

190

2000

cfu/m

3

Rooms during
treatment courses
with patients

1500

1000

500

0

B

800
700
600

The concentrations of bioaerosols at Szczawnica sanatorium are presented in Table 1 and Figure 2. Bacterial aerosol concentrations in the studied premises (with and without patients) ranged from 21–6,223 cfu/m3 and were up to
17-times higher than the maximum values (i.e., 366 cfu/m3)
noted in ambient air (p<0.01 and p<0.05, respectively).
The outdoor concentrations were also significantly lower
(p<0.01) than those measured on an indoor background,
i.e., in the premises where curative treatment procedures
were never performed. The average indoor background
level of bacterial aerosol (1,435 cfu/m3) suggests that
the scale of contamination of the sanatorium premises is
strictly connected with their practical functions. Whereas
the treatment rooms -by definition- were “isolated” from
influences of the outside world (median bacterial concentrations were 676 cfu/m3 and 379 cfu/m3 for rooms with
and without patients, respectively), the hygienic regime
imposed on the rest of sanatorium premises was less strict.
The highest bacterial aerosol concentrations were observed in the rooms with water bathtubs (up to 3,527 cfu/
m3) and in the well-room (up to 6,223 cfu/m3). Average
concentrations of bacterial aerosol in the studied sanatorium treatment rooms were always higher when patients
were present and underwent curative procedures. The only
exception from this scheme was the concentration of airborne bacteria measured in the well-room (Fig. 2). Probably the activity (movement) of patients constantly entering and leaving this place (and creating thus creating additional ventilation) resulted in a decrease of the – naturally
observed in this room – relatively high concentration of
bacterial aerosol.
Taking into account that all the investigated premises
were naturally ventilated and the outdoor concentrations
of bacterial aerosol were meaningly lower than indoors,
it is very probable that the observed differences depended

500

cfu/m

3

RESULTS AND DISCUSSION

400
300
200
100

S5P

S5A

S4P

S4A

S3P

S3A

S2P

S2A

S1P

S1A

OUT-B

0

IN-B

and Mann-Whitney tests, as well as Spearman correlation
using Statistica (data analysis software system) version 7.1
– 2006 (StatSoft, Inc., Tulsa, OK, USA).

Figure 2. Average concentrations (cfu/m3) of bacteria (A) and fungi (B)
in outdoor and indoor air at Szczawnica sanatorium. OUT-B – outdoor
background, IN-B – indoor background, S1 – room with mineral water
bathtub, S2 – room with underwater massage bathtub, S3 – well-room,
S4 – inhalation chamber, S5 – individual inhalation cabin, A – absence of
patients, and P – presence of patients.

solely on both the type of curative treatment and presence
of patients during treatment courses (Fig. 2). People are a
main and active source of bacterial emission indoors. The
most abundant generation of these biological particulates
takes place during speaking, coughing, sneezing, and epidermis exfoliation [6, 47, 54, 56, 65]. In case of the studied
premises, regardless of the room location, the presence of
patients taking curative treatment significantly increased
the bacterial aerosol level (p<0.05). The synergistic effect
of these 2 parameters contributed the most to the observed
level of bacterial aerosols, masking other commonly
known factors such as air exchange rate or influence of the
air temperature [6, 8, 28, 40, 41, 42, 44, 53, 60, 64].
After analyzing the fungal aerosol quantitatively it can
be stated that, irrespective of the studied environments, its
indoor (i.e., in treatment rooms and in the background) as
well as outdoor concentrations were not significantly different from each other and were always below 1,600 cfu/m3
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(Tab. 1). The highest fungal aerosol concentrations were
observed in the well-room (up to 788 cfu/m3) and inhalation chamber (up to 1,247 cfu/m3). Nevertheless, it should
be pointed out that outdoor concentrations were always
3.2–4.5-times lower than those noted indoors. All studied
sanatorium rooms were contaminated with fungal aerosol
to the same degree (Kruskal-Wallis test: p>0.05), despite
the presence or absence of patients. When comparing average microbial concentrations between the studied sanatorium premises, the highest differences were observed
between the well-room and inhalation chamber; however,
a statistically significant relationship was confirmed for
bacterial aerosol concentrations only (p<0.05).
The obtained results of both indoor and outdoor measurements of bioaerosol concentrations were compared with
the Polish proposals for threshold limit values, which are
5×103 cfu/m3 for both bacteria and fungi in indoor and outdoor environments [31, 32]. As can be seen, in the atmospheric air as well as in the air of almost all investigated
sanatorium premises (except the well-room), the bacterial
and fungal aerosol concentrations were below these recommended threshold limit value. The only outliers, which
crossed these levels, were noted for bacterial aerosol during the winter season in the well-room when patients were
present indoors (6,223 cfu/m3). The probable explanation
of the observed phenomenon is – in a way – the expected
seasonal increase in the concentration of these microorganisms. The well-room had a natural, relatively high background level of bacterial contaminants (column S3A in
Figure 2). During winter, an increase in the air-tightness
of this interior resulted in diminished ventilation due to energy saving issues – tightly closed doors and windows, and
a simultaneously operating central heating system utilizing
hot-water radiators, combined with the presence of patients
(who are additional and active sources of bacterial aerosol
emission) created periodically an inadmissibly high concentration of potentially harmful biological agents. It is
particularly important in the case of the sanatorium premises where the patients – whose health status, by definition,
requires a special (medical) care – should not be additionally exposed to biologically active particulates.
Seasonal variations of microbial aerosol concentrations
are presented in Figure 3. Despite the noted discrepancies in average bacterial and fungal aerosol concentrations
measured in both outdoor and indoor backgrounds, as well
as in the treatment rooms without patients, the statistical
analysis did not reveal significant differences between the
seasons (Kruskal-Wallis test: p>0.05). The only statistically significant differences were noted in the treatment
rooms with patients (when the curative procedures were
applied) for bacterial aerosol between spring (median: 448
cfu/m3) and winter (median: 1,813 cfu/m3) concentrations
and for fungal aerosol between spring (median: 60 cfu/m3)
and summer (median: 420 cfu/m3) levels (in both cases:
p<0.05). Regarding bacteria, the higher air-tightness of the
buildings in winter (for energy saving reasons) caused all

A
outdoor background
indoor background
premises without patients
premises with patients

B

Figure 3. Seasonal variations in bacterial (A) and fungal (B) aerosol concentrations (cfu/m3).

bacterial particulates – emitted mainly by the patients or
as a consequence of the treatment procedure application
– to be trapped indoors, and their exchange with outdoor
environment was substantially diminished. In the case of
fungi, an opposite situation was observed. Higher summer
levels of their aerosol were probably connected with the
natural ventilation of the studied premises and subsequent
infiltration of outdoor air transporting an additional load of
fungal spores.
The air quality at sanatoria has received little attention
in the scientific literature and the collected data are very
limited. Fortunately, the Szczawnica sanatorium was investigated for the first time almost half a century ago. The
data regarding seasonal variations collected at that time by
Cienciała et al. [16] were confirmed by the current observations. The only noted difference was connected with the
measured concentrations of microorganisms. The levels
assessed 40 years ago were about 5-times higher (i.e., up
to 32,000 cfu/m3) than those obtained in this study. In another
investigation, Burkowska and Donderski, evaluating outdoor
airborne mycoflora, described a similar trend regarding the filamentous fungi content in the air of Ciechocinek spa [12]. The
lowest mold content was observed in winter (70 cfu/m3) and
the highest in summer (4,800 cfu/m3); however, the summer
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Table 2. Temperature and relative humidity of the air at Szczawnica sanatorium.
Bacteria
Range

Median

Range

Mesophilic actinomycetes
Endospore forming Gram-positive bacilli
Gram-positive cocci

100%

Fungi
Median

90%
80%

Sanatorium premises

70%

Rooms during
treatment courses
with patients

18–24

21

33–84

47

Rooms after
curative treatment
without patients

15–26

Indoor background

19–26

22

34–68

38

10%

Outdoor background

-3–27

15

36–77

54

0%

60%
50%

21

32–54

44

40%
30%

concentrations in Ciechocinek were about 10-times higher
than those measured in Szczawnica. When the data on fungal aerosol concentrations gathered indoors in Szczawnica
were compared with those collected in the air of Lithuanian sanatorium premises by Krikštaponis [43], where
concentrations ranged from 156–720 cfu/m3, no significant
differences were visible.
Simultaneously with bioaerosol measurements, the environmental parameters, i.e., air temperature and relative
humidity were also controlled. The results of these measurements are presented in Table 2. The average yearly indoor temperatures were between 21–22°C and were not
significantly different between the studied sanatorium
premises (Kruskal-Wallis test: p>0.05). Such differences
appeared when indoor and outdoor background temperatures were compared. Indoor temperatures were always
significantly higher than those registered outside of the
buildings (p<0.05). When the studied sanatorium treatment
rooms were compared, both the season and their location
influenced the measured temperature values. The highest
significant differences were noted between the summer
(median: 24°C) and winter (median: 19°C) temperatures
as well as between the room with a mineral water bathtub
(median: 19°C) and individual inhalation cabin (median:
22°C) (in both cases: p<0.05).
The average yearly values of relative humidity of the air
for all treatment rooms (with and without patients together
– median: 45%) as well as for all indoor (median: 38%)
and outdoor (median: 54%) background measurement
points did not reveal significant differences between them.
A similar relationship was observed when the average seasonal relative humidity values for both indoor and outdoor
backgrounds were compared. When such analysis was restricted to the treatment rooms only, statistically significant
differences were observed for both the seasons and locations. In the first case, the highest differences were noted
between summer (median: 70%) and spring (median: 42%)
as well as between summer and winter (median: 42%) (in
both cases: p<0.05). Regarding the location, the highest
differences were revealed between individual inhalation
cabins (median: 33%) and both the rooms with mineral

S5 P

S5 A

S4 P

S4 A

S3 A

S3 P

S2 P

S2 A

S1 P

S1 A

OUT-B

20%

IN-B

Environment

Yeasts
Filamentous fungi
Nonsporing Gram-positive rods

Figure 4. Percentage contribution (%) of bacterial and fungal groups to
the total airborne microflora at Szczawnica sanatorium. OUT-B – outdoor
background, IN-B – indoor background, S1 – room with mineral water
bathtub, S2 – room with underwater massage bathtub, S3 – well-room,
S4 – inhalation chamber, S5 – individual inhalation cabin, A – absence of
patients, and P – presence of patients.

water (median: 50%) and underwater massage (median:
49%) bathtubs (p<0.01 and p<0.05, respectively).
Microclimate may have various effects on biological
aerosol concentrations [4, 6, 22]. The relative humidity
and temperature measurements can be used to identify
conditions that support microbial growth. For the comfort
of inhabitants, the majority of the buildings are maintained
at a temperature of 18–24°C. Such a range is also suitable
for the growth and development of many environmental
microorganisms which, in most cases, are mesophilic [27,
38, 48, 66]. Although both temperature and RH (or water
availability as its equivalent) are necessary for environmental microbial expansion, a proper value of the latter parameter is critical. The development of the microbial community is directly proportional to the values of this limiting
factor, i.e., it may be slow (or even stopped) when RH is
low and fast whenever there is its sudden increase [38, 66].
Assessing the influence of microclimate parameters on the
bioaerosol concentrations in this study it can be stated that
only the relative humidity of the air had a substantial influence on the observed levels of microorganisms. Correlation analysis revealed that each increase in moisture content in the air resulted in a significant augmentation of both
the airborne bacterial and fungal levels (Spearman correlation coefficient calculated for all studied premises together: R=0.42 at p<0.05 and R=0.46 at p<0.05, respectively).
In contrast, Burkowska and Donderski [12], who assessed
the fungal air quality in Ciechocinek spa, found that only
air temperature positively correlated with the number of
airborne molds.
Table 3 presents the percentage of the contribution of
bacterial and fungal groups to the total airborne microflora at Szczawnica sanatorium, and Figure 4 specifies
qualitatively these data, showing the list of microbial taxa
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Table 3. Microbial taxa isolated from indoor air at Szczawnica sanatorium.
Microorganisms
Bacteria

Percentage contribution (%)
100

Kocuria rosea

<1

Microccocus spp.

46

Staphylococcus haemolyticus

2

Staphylococcus hominis

6

Staphylococcus lentus

4

Staphylococcus simulans
Staphylococcus xylosus
Staphylococcus spp.

19
3
<1

Arthrobacter spp.

2

Corynebacterium spp.

1

Microbacterium spp.

<1

Bacillus cereus

<1

Bacillus licheniformis

2

Bacillus megaterium

<1

Bacillus pumilus

<1

Bacillus spp.

<1

Nocardia spp.

2

Rhodococcus spp.

5

Streptomyces spp.

6

Fungi
Candida famata

100
4

Candida spp.

<1

Cryptococcus spp.

<1

Rhodotorula mucilaginosa

<1

Acremonium spp.
Acremonium strictum
Alternaria alternata
Alternaria spp.
Aspergillus spp.
Cladosporium cladosporioides

1
<1
8
<1
5
17

Cladosporium herbarum

1

Cladosporium spp.

4

Fusarium sporotrichioides

<1

Fusarium spp.

<1

Helminthosporium spp.

1

Penicillium chrysogenum

5

Penicillium griseofulvum

<1

Penicillium spp.
Rhizopus spp.

28
4

Rhizopus stolonifer

<1

Scopulariopsis spp.

12

Sporotrichum spp.

3

Trichoderma spp.

2

isolated from indoor air. Analysis of microbial composition of the atmospheric air revealed that mesophilic Grampositive cocci (Staphylococcus, Micrococcus), mesophilic
actinomycetes (mainly Rhodococcus) and fungi (Rhizopus,
Cladosporium, Alternaria, Aspergillus, Penicillium) were
the predominant microorganisms, which is a typical picture for outdoor microflora [1, 18, 30, 39, 45, 55]. In the
studied premises, in the air of indoor background, the most
prevalent were mesophilic Gram-positive cocci (the same
genera as listed above), but filamentous fungi (Penicillium,
Cladosporium, Scopulariopsis), mesophilic actinomycetes
(mainly Streptomyces and Rhodococcus) and endospore
forming Gram-positive bacilli were also quite frequently
isolated. In all treatment rooms (except the well-room)
when the patients were not present, the air was free from
the endospore-forming Gram-positive bacilli. Such a situation was characteristic for all rooms in the Inhalatorium building, even if the patients were present inside them (Fig. 4).
The contribution of Gram-positive cocci to the total bacterial community of the air in the sanatorium rooms varied
between 65–88% when the patients were absent, and between 77–93% when they were present. These results confirm the regularity that Gram-positive cocci usually prevail
in the air of both the outdoor (urban) and indoor (including
residential) environments [26, 34, 49, 56, 64].
The data on microbial quality of the air at sanatorium
premises are scarce in the scientific literature. However, as
mentioned above, the air quality of Szczawnica sanatorium
premises was already the aim of the study 40 years ago.
These bioaerosol measurements carried out by Cienciała
et al. [16] revealed that qualitative composition of airborne
microflora was surprisingly similar to those obtained in the
present study. As in the past so to-day, the bacterial species
of the genera Staphylococcus, Micrococcus, Bacillus, and
Arthrobacter, as well as fungal species of the genera Penicillium, Cladosporium, Alternaria, Aspergillus, Sporotrichum, Rhizopus, and Trichoderma were recovered from the
air; however, their maximum concentrations almost half of
the century ago were up 5-times higher. Besides, the data
on the qualitative composition of fungi in the air of Lithuanian sanatorium premises collected by Krikštaponis [43]
are well in accordance with those obtained in this study,
i.e., the species from genera Penicillium, Cladosporium,
Aspergillus, and Chrysosporium dominated indoors. Similar observation was noted by Burkowska and Donderski
[12], who identified in the air of Ciechocinek spa the species from genera Cladosporium, Alternaria, Aspergillus,
Penicillium, Fusarium, and Mucor as the most common.
In this study, a relatively high percentage of identified
airborne microflora was constituted by mesophilic actinomycetes (mainly Streptomyces and Rhodococcus). Their
percentage contribution to the total microbial flora ranged
from 4–31%. These bacteria have a unique ability to colonize different solid surfaces, from rocks to ceramics, as
well as other building constructing and finishing materials
[33, 50, 59]. In the studied sanatorium premises, their high
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concentration was especially visible in the Inhalatorium
building. This was probably due to the presence of water
inside the premises. Relative humidity, increased especially during the treatment procedures, causing actinomycestes
(as precursor microorganisms of indoor contamination) to
appear, usually as primary colonizers on moist surfaces,
and showing a concentration increase in the studied environment [33, 35]. As a consequence of relative humidity
increase (reaching periodically 84% (Tab. 2), an abundant
appearance of filamentous fungi and yeasts was also noted.
Correlation analysis distinctly confirmed these relationships in rooms during treatment courses with patients for
both bacteria and fungi (Spearman correlation coefficient:
R=0.49 at p<0.05 and R=0.53 at p<0.05, respectively).
A similar trend was observed in the study carried out
by Bis et al. [10], where a widespread occurrence of Actinomycetes (especially species from genus Streptomyces)
in sanatorium chambers of the salt mines at Bochnia and
Wieliczka was clearly noted. In all these cases, the presence of mesophilic actinomycetes indicated microbial contamination of the air due to undesired changes in microclimate conditions (elevated moisture content) indoors.
Endospore-forming Gram-positive bacilli, for which the
major sources (soil, plants) are in the outdoor environment,
were also frequently recovered from the air of the studied
sanatorium premises. Their presence indoors was probably
due to the ability to produce spores which could be transferred (e.g., on clothes, shoes, hands, hair) by people entering the sanatorium rooms [40, 49, 65].
Another interesting finding of this study was an absence
of Gram-negative rods indoors. No bacteria from this
group were recovered from the air of the studied premises. These bacteria are a source of immunologically active compound, i.e. endotoxin; if not present indoors, do
not pose additional health threat to the patients. From the
respiratory health perspective, such a quantitative composition of indoor air should be beneficial for the sanatorium
patients’ health status.
The analysis of fungal composition of indoor bioaerosol
showed that moulds such as Penicillium, Cladosporium,
Scopulariopsis, Alternaria, Aspergillus, and Rhizopus
were frequently isolated in sanatorium premises, constituting from 73% to even 100% of recovered microorganisms
[6, 16, 19, 64]. These results are consistent with the data
obtained in other studies carried out indoors, including
also residential dwellings [34, 38, 44, 66]. As many of the
isolated species (e.g., from Alternaria and Scopulariopsis
genera) are common in soil [41], their high abundance in
the outdoor air can be transposed in a natural way (i.e.,
via air penetration) into their high indoor prevalence. The
majority of isolated fungal species have abilities to grow
and survive for a long time on furnishings and other equipment, including heating or ventilation system elements
[64]. Moreover, another interesting finding of this study
was the relatively high isolation frequency of yeasts from
genus Candida, especially in the Inhalatorium building.

People are the major reservoirs of these yeasts, their emission into treatment chambers could explain the observed
airborne levels.
CONCLUSIONS
The concentrations of microbial aerosol at Szczawnica
sanatorium ranged from 183–6,380 cfu/m3 and from 28–
718 cfu/m3 for the indoor and outdoor air, respectively. Regardless of the studied environments, both indoor (i.e., in
treatment rooms as well as in the background) and outdoor
fungal aerosol concentrations were not significantly different from each other and were always below 1,600 cfu/m3.
Regarding the bacterial contamination of the studied treatment rooms, the highest concentrations (up to 6,223 cfu/
m3) were usually noted when the patients were present and
undergoing curative procedures. In the atmospheric air, as
well as in the air of almost all the investigated sanatorium
premises, the bacterial and fungal aerosol concentrations
were below the Polish proposals for threshold limit values. The only exception was observed in the well-room,
where bacterial aerosol concentrations during winter season, when the patients were present indoors, crossed the
proposed limit value. These results unequivocally suggest
that natural ventilation in this type of premises is insufficient to ensure the proper indoor air quality. Hence, a highperformance mechanical ventilation or air-conditioning
system should be introduced to provide “clean” air into the
curative treatment rooms where the patients (already with
some health problems) require special medical care.
Qualitative evaluation of the aerosol microflora revealed
that in the air of the studied premises the most prevalent
were Gram-positive cocci (from genera Micrococcus
and Staphylococcus), mesophilic actinomycetes (mainly
Streptomyces and Rhodococcus), and filamentous fungi
(Penicillium, Cladosporium, and Scopulariopsis). Analysis of the relationships between microclimate parameters
and bioaerosol concentrations confirmed that only relative
humidity of the air significantly influenced the levels and
composition of microbial aerosols throughout the year. Due
to such a high abundance of actinomycetes and moulds, the
potentially allergenic and/or toxic propagules may be present in high quantities indoors. Such a situation is highly
disadvantageous to the patients (especially those who have
respiratory tract diseases), as an additional load of immunologically reactive propagules can adversely influence the
health status of exposed individuals. Hence, the constant
control of the air humidity seems to be a key factor which
should be scrupulously supervised at sanatorium premises.
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