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EVALUATION OF MICROBIAL CONTAMINATION
OF THE MIST INTENDED FOR INHALATION
IN A BRINE GRADUATION TOWER

Abstract: The brine mist used for inhalation, produced by itiunicipal closed-circuit graduation towers, i$ no
subject to microbiological control. There are atspstudies on the microbiological safety of brinstnand its
potential adverse effects on the health of peapialing it. Therefore, a two-year study was coneldd¢b evaluate
the microbial purity of brine mist intended for alhtion, taking into account the effects of air pemature and
brine concentration on microbial cell counts. Biosel was tested for the presence of indicator aoiganisms
that are epidemiologically significant and may effthe health of inhalers (mould fungi, bacteBaphyl ococcus
spp., actinomycetegscherichia coli). The study was conducted over two seasons fromil &p September in
2021 and 2022. The abundance of actinomyceteSaphylococcus spp. during the holiday season has increased
in this period, due to the high air temperaturexctBria and mould counts did not exceed the recordatklimits,
while E. coli was not found. As the air temperature increasedtambrine concentration decreased, the abundance
of the microorganisms analysed (especially actire®tes andXaphylococcus spp.) increased. The study used
Bayesian networks which showed that at high tenpess, the probability o&taphylococcus spp. abundance
above 73 CFU-mwas 63 % and that of actinomycetes above 8-@Flivas 64 %.

Keywords: closed-cycle brine graduation tower, bioaeroswlidator microorganisms, Bayesian networks

I ntroduction

Polish air is one of the most polluted among Euampeountries, and Krakow is among
the top Polish cities where permissible air pafintlevels (carbon oxides, nitrogen oxides,
sulphur oxides, particulate matter, heavy metalexids and others) are notoriously
exceeded [1, 2]. Despite ongoing measures to redoeelevel emissions and the
introduction of regulations to limit air pollutionvith PM10 and PM2.5, significant
exceedances of permissible pollution values arerded in Krakow every year [3].
In 2018, an estimated 49,700 people in Poland piiethaturely due to complications from
smog-related diseases [4, 5]. Therefore, new msttmdombat air pollution are constantly
being sought. An alternative initiative is the douastion of brine graduation towers in
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cities, which are intended to improve the healtd aell-being of the inhabitants who
inhale the brine mist [1, 6].

A brine graduation tower, also known as a thornskous a wooden structure filled
with blackthorn branches and equipped with a sndiiod pumping system for brine that is
rich in minerals, i.e. sodium chloride, iodine, tmioe, calcium, and iron compounds
(Fig. 1). The wooden frame, usually made of spraceoak, is placed on a concrete
foundation. The facility serves as an open-air lati@gn room [7]. The inhalation effect is
as follows: the brine in the reservoir at the bakthe graduation tower is pumped to the
top of the structure and enters special distrimugatters, from where it trickles down the
branches of the blackthorn and is concentrated Maparation [8]. The phenomenon of
brine atomisation occurs as the brine breaks dowmsmaller droplets. In a closed-cycle
brine graduation tower, the brine flows down a guftystem and is diverted to a reservoir
and then pumped to the top of the graduation towée air around the facility is
characterised by higher humidity and lower tempeeatdue to the brine evaporation
[8-10]. The microclimate of the near-tower zone hasilar characteristics and therapeutic
effects to the coastal climate [11]. The procesaarbsol formation is weather dependent.
Brine evaporation is most intense on sunny and ydays. In contrast, during rain or high
humidity, brine evaporation almost completely djsagrs, so that the inhalation process is
not effective [9].
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Fig. 1. Schematic of a closed-cycle graduation tastmicture [7]

There are two technical systems of water cyclerinebgraduation towers: open and
closed. Open-cycle graduation towers were the Sftafictures of this type in Poland,
located at the sources of brine extraction (ustiallyealth resorts). At present, closed-cycle
graduation towers are most commonly built in towuith no brine springs. Typically, such
structures do not exceed 4 m in height, 8 m intlengnd 2 m in width [7]. The brine that
feeds the municipal graduation towers is storedpiecially designed and adapted storage
tanks located at the base of the graduation towérsy have a capacity of several to tens of
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thousands of litres. The quality of the brine ie #ame as that used in brine health resorts
and meets hygiene and water quality requiremeits [7

Analysis of the available literature indicated timat studies were carried out on the
microbial quality of brine mist intended for inhatmn in a closed-cycle graduation
tower. So far, the focus was on describing the w@mddn tower’'s structure,
functional-technological aspects, and the healtwmting effects of brine inhalation on the
human body [7, 8, 10, 12-15]. The aim of the studgs to identify the potential
microbiological risks associated with inhalation lofine in a municipal closed-cycle
graduation tower. On this basis, it was plannedssess whether the inhalation of a brine
mist in a closed-cycle graduation tower is safenfiahygienic and microbiological point of
view. The effect of brine concentration and weatl®nditions on the microbial
contamination of the air around the graduation tomes also determined.

Material and methods
Sampling site characteristics

The closed-cycle brine graduation tower (Fig. 2)amstudy is located in Nowa Huta
(Krakow, Poland; 50°04'52.7"'N 20°03'05.7"E). The dea of the graduation tower is
triangular in shape with a total area of 358 the 18 m long arms of the tower are made of
larch wood and the whole is filled with blackthdsranches. At the base of the graduation
tower there is a brine tank with a capacity of 60,@n?. The brine has a high iodine
content and comes from a mine in Zablocie near szcin Upper Silesia (Poland).
During the operation of the graduation tower, thinéd has to be replenished due to
evaporation or losses caused by drops falling detshe basin. Brine shortages are
replenished with mains water, and the brine comaéanh is checked daily and adjusted if
necessary. Twice a season, the brine is repladidfnesh brine and, at the same time, the
suction and pumping systems and the pool are disiedl. The graduation tower in Nowa
Huta is a public facility open from April to Septber. According to the local regulations,
an inhalation session should last about 30 mindias,no longer than 45 minutes [16].
Penetration of the brine through the respiratoagttrand skin replenishes micronutrient
deficiencies in the human body and strengthensntineune system [7]. The brine used in
the described graduation tower has a high condé@mraf sodium chloride and also
contains many other minerals such as calcium, piias magnesium, sulphates, strontium,
bicarbonates and iodides. According to the brinenufecturer, the atomised mist has
an antibacterial effect, absorbs pollutants, amdgmts inflammation in the body. The brine
supplied has a concentration of 28 % and is dilutethe graduation tower to achieve
a final concentration of 16 % - 19 % [16]. Therefdeisurely strolls, sitting on benches, or
lying down in the area around the graduation towave a therapeutic effect, as the
minerals and trace elements contained in the lari@eénhaled [17, 18].

Sampling

Air quality tests around the brine graduation towere carried out for two years
during the period of its operation, i.e. from Agnl September in 2021 and 2022. Six brine
samples (1 per month) were taken each year, ev@syb3Iays to account for seasonality.
Before sampling, attention was paid to weather ttmm$ to avoid heavy rainfall that
dilutes the brine, i.e. after heavy rainfall, 3 #iddal (rain-free) days were waited before
the next sampling.
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Bioaerosol samples were collected using the impaethod with a MAS-100 Eco
Airsampler for the food industry from MERCK (Gernyarknown as impactor. The air
temperature at each bioaerosol sampling point Wss measured using an electronic
thermometer from Biowin (Poland). Samples were takem 4 locations in 3 replicates.
Points I, I, and Il were located halfway up thena of the graduation tower, 1 m from the
wall of the facility (Fig. 2), while point IV washe control and was located 80 m
from the graduation tower. The data on brine cotmaion were obtained directly from the
Management of the Krakow Municipal Greenspace Alith¢ZZM), which systematically
monitors the brine concentration in the graduatévmer using an electric refractometer.

Fig. 2. Bioaerosol sampling points [19]

Microbioal analysis

The evaluation of the microbial contamination o thist intended for inhalation in the
brine graduation tower was performed according iive Iwith the recommendations
developed by the Polish Air Quality Standards [@03 other publications [21-23]. Growth
media were used to determine the abundance ofrza€ieypticasein Soy Lab Agar, BTL,
Poland), moulds (Malt Extract Agar, BTL, Polandjtiaomycetes (Actinomycete Isolation
Lab Agar, BIOCORP, Poland). The presenc&aphylococcus spp. (Chapman agar, BTL,
Poland) andescherichia coli (TBX agar, BTL, Poland) in the brine bioaerosolswaso
analysed, as these are bacteria associated witarieuand indicate anthropogenic causes of
microbial contamination of the brine. Our previostudies [7] showed that these
microorganisms are present in the brine circulatimthe graduation tower. It is therefore
reasonable to assess their survival in the bringt,nais this information is crucial to
determine the epidemiological safety for inhalatissers. After sampling, cultures were
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incubated under the following conditions: bacteaia Staphylococcus spp. 37 °C, 24 h,
E. coli 44 °C, 24 h, fungi 28 °C, 3-5 days, actinomyc@@sC, 5-7 days.

After incubation, characteristic colonies of thentified microorganisms were counted
and the results expressed as colony forming ugitepbic metre of air (CFUM™), taking
into account the correction recommended by the atgpamanufacturer. The microbial
counts obtained were compared with the criterighim Polish standards [20] and in the
publications by Grzyb and Lenart-Bar¢21] and Wolny-Kotadka et al. [22]. In this way,
the air was qualified in terms of the degree ofnisrobiological contamination.

Statistical analysis

A two-factor analysis of variance was performechgsstatistica v. 13.5 (StatSoft) to
test the significance of the effects of temperaauné brine concentration on the abundance
of the microorganisms studied.

Bayes belief networks were also used for the sizdisanalysis of the results obtained,
since the occurrence of certain types of microosgas and their growth are strongly
dependent on environmental factors. Bayes belitfvors are one of the probabilistic
methods based on conditional probabilities. A Bayestwork is a classifier based on
maximum posterior probability [24, 25].

A Bayesian network is a mathematical and graphicaldel that represents
a probabilistic relationship between a set of prasly discretised random variables.
A Bayesian network is an acyclic directed graphwihnich each node of the network
represents a random variable along with the prdistibirelationships between each of
them. The quantitative part of the network représéime probability distribution for these
variables [25-27]. The nodes of the network arentified as variables, while the arrow
indicates the causal relationship between variabfesociated with each node of the
network is a conditional probability distributiorf @ given component (characteristic,
variable) being in a certain state (group or clafsgalues), conditioned by the state of the
elements (factors) represented by the elementgiassd with it. The GeNie 2.0 software
developed by the University of Pittsburgh (USA) wesd to model Bayesian networks
[28, 29]. The Bayes formula was used to calculavdabilities [27, 30, 31]:

P(A)-P(I/A)

P(A/D) = IO (1)

whereP(A/1) is probability of evenA after information | is availabld?(A) is probability of
eventA before informatior is availableP(I/A) is probability of informatior occurring if
A is true;P(l) is total probability of evenit

We hypothesise that the number and composition @framrganisms may be
statistically dependent on temperature only undgtam conditions. The modelling of
these relationships is possible after discretigatiothe measured data. Discretisation of the
data involves the creation of intervals (classes) dach variable. The most common
notations for grouping are: below, mean, and oVée results of the discretisation are
shown in Table 2. These classes can be generatemhatically in GeNie 2.0 (3 available
methods) or manually. The Jenks natural breaks adefB2, 33] was used to group the
data.
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Results and discussion

A two-year study of the microbial purity of the tei mist taken from the surroundings
of the Nowa Huta graduation tower provided epidéogizally worrying information.
Comparing the results of our own study (Table lthwhe limit values contained in the
Polish standards [20] and in the publications byy®rand Lenart-Boro [21] and
Wolny-Kotadka et al. [22] it can be stated that tile case of actinomycetes the
requirements regarding the number of microorganitated were not exceeded. Among
the microorganisms studied, o coli were found in any of the samples (including the
control sample taken at point IV away from the gi@tbn tower). On this basis, it was
considered that although these bacteria were @etéctour previous study [7] in the brine
circulating in the closed cycle of the graduatiowér, they do not enter the mist used for
inhalation. This is extremely valuable informatiasg the survival oE. coli in the brine
mist would call into question the reasonablenesk laalth safety of the construction of
municipal graduation towers. As shown in the steidig Jureczko et al. [34] and Hwang et
al. [35], even a 6 % brine concentration inhibits growth ofE. coli, while since the brine
concentration in the described closed-cycle graduatower is 16 % - 19 % [7], the
transition of bacteria from the aqueous environngbrine) to the gas phase (air) seems to
be crucial. This is because air is an environmieat is not conducive to microbial life, in
which they cannot grow and divide. It is only agaafor their periodic residence and
a centre for their movement [36].

The data in Table 1 clearly show some trends incti@nges of microbial abundance
both in the mist and in the control samples whickravthe air around the lagoon.
The distribution of microbial abundance in bothngeaf the study was as follows: the first
months of operation of the graduation tower (Amild May) were characterised by
significantly lower microbial abundance comparedtiie summer months. The summer
holiday period (June, July, August, and Septemisesi)time when tourists and residents of
Krakow visit the Nowa Huta graduation tower in kargumbers due to the favourable
weather. Seasonality and the impact of anthropspresare very important in terms of
microbiological contamination of brine water. Ba@eand fungi did not pose a health risk
to inhalation users as their numbers did not exemegptable standards. Their abundance
increased as the holiday season approached angbdedrat the end of the summer season.
In most cases, the abundance of indicator micraisgss was higher in the brine mist than
in the air sampled at the control point. The abueda of Staphylococcus spp.
was particularly high during the holiday seasonnéAugust), when it exceeded
150 CFU- m™3. Saphylococcus spp. are microorganisms associated with humans,aséo
their main source, as well as pets and wild aniiiglsg in the lagoon area, hence the high
abundance of these bacteria found in the mist dutie holiday season, when visitors to
the graduation tower are most numerous [37]. Frare@demiological point of view, the
presence of the indicator microorganisms analysdta brine is unfavourable, since these
microorganisms can cause a series of very seriofggtions, both gastrointestinal and
generalised. Direct contact and inhalation of comtated mist can lead to pneumonia
(Staphylococcus spp., actinomycetes), endocardit&aphylococcus spp.), osteomyelitis
(Staphylococcus spp., actinomycetes), gastrointestinal poisoniSgphylococcus spp.),
skin infections @&aphylococcus spp., actinomycetes), nervous system diseases
(actinomycetes), fungal pneumonia and bronchitiedf), allergies (fungi) [38-43].
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Table 1
Average abundance of microorganisms [CFU} isolated in 2021 and 2022
Month April May June July August September
Cont- Cont- Cont- Cont- Cont- Cont-
Microorganisms | Mist | rol | Mist | rol | Mist | rol | Mist | rol | Mist | rol | Mist | rol
point point point point point point
Bacteria'21 4a 5 104 8 17a 6 6a g 7a A Pa 1
Bacteria’'22 3a 4 5a 5 93 8 43 s 6@ 1 2a 2
Fungi'21 34a 28 344 23 544 4( 64a 69 6la 59 bla 26
Fungi'22 24a 19 273 20 33a 39 62a g6 6ba 67 b0a 26
Actinomycetes’21l 2a 2 3a 4 22a 16 74 7 8a 1 2a L
Actinomycetes’22 la 1 2a 4 154 16 74 8 10a 10 Ja 5
Sapgggofflccus 3a | 2 | 14a| 14| 2914b29 |196ad 13 |173ay 13 | 58a| 4
Saphylococcus | 5. | 5 | 33| 4| s53al 1| 1544b1 |159aH 3 | 55a| 3
spp.’22
Temp[?gt“re 211 135 140| 158 164 200 208 212 262 250 26541 19.6
Temp[?(r;t“re 22| 127 132| 155 165 104 194 212 262 250 26541 19.6
Brine’'21 [%)] 19.1 18.2 7.0 16.1 19.1 18.1
Brine'22 [%)] 19.1 19.0 18.1 16.3 18.1 15.1

The different letters within a column indicate grsficant difference gb < 0.05 according to Tukey's test
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Fig. 3. Average abundance of indicator microorgasiin mist and air

Figure 3 shows the average abundance of all migesosms analysed in the brine
mist and the control point (air). In 2021 there gverore microorganisms in the brine mist
than in 2022. This was due to the prolonged rdimfalune that contributed to dilution of
the brine water in the graduation tower, causiagd@ncentration to drop to 7 % (Table 1),
which in turn resulted in a rapid increase in miab abundance. Individual microbial
groups were observed to be present at similar demethe mist and control (air) samples.
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The exception waStaphylococcus spp. that were much more abundant in the mist &tan
the control point away from the graduation towebaoth years of the study. This resulted
from the fact thatStaphylococcus spp. are human-associated microorganisms, extremely
frequently isolated from humans, much more freqyethan from air, water, and soil [37].

In addition, as demonstrated in our previous stydy, the brine circulating in

a closed-cycle graduation tower is contaminatedhmge bacteria which survive in the
brine for a longer period of time and can therefamier the mist intended for inhalation.

350 1 30
A S
E | —_—
£ 300 1 25 o
) o
S 250 | i
= {20 &
= o
€ 200 | o
S
a0 {15 %
E 150 ?
= {10 g
S 100 <
g "
o 50 f 1 5 bl
3 3
0 0 K
April May June July August  September
Month of sampling
M Bacteria B Mold fungi Actinomycetes
| Staphylococcus spp. ® Temperature [°C] Brine [%]
Fig. 4. Average monthly abundance of microorganiatsoints |, Il, and Ill isolated from the bringésn
in 2021

When analysing the microbiological contaminationtioé inhalation mist over two
years (Figs. 4 and 5), it should be noted thatnierobial abundance was highest during
the holiday season. The highest number of micravsgas was found in June 2021, when
the brine concentration was the lowest (about 7I&6June 2021, heavy rainfall occurred
every few days in Nowa Huta, resulting in frequiabding - the graduation tower was
also flooded. As can be seen, a radical decreadwime concentration translated into
a rapid increase in the number of microorganismieréstingly, brine concentrations above
15 % did not ensure complete elimination of micgamisms. Contaminated brine water
has a direct effect on the quality of the resultiegosol in the closed-cycle brine graduation
tower. During the holiday season, the higher ainpgerature increases the temperature of
the brine circulating in the graduation tower, whiesults in a higher survival rate of
microorganisms in the brine mist [7]. In our stuthg average brine temperature during the
summer months was 19 °C - 25 °C and these are faspurable temperatures for the
growth of the analysed microorganisms [44-46]. &sarted by Missiakas and Schneewind
[45], Saphylococcus spp. can grow at temperatures between 15 °C antiC4at brine
concentrations up to 15 %. In our stu&aphylococcus spp. had the highest abundance of
the microorganisms studied (Figs. 4 and 5). Theyewaost abundant in June and July
when the salinity was around 15 % - 18 % (TableSa)inities up to 5 % are favourable for
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the growth of actinomycetes, while higher salimitienit their abundance [47, 48]. High
humidity, water availability, and warm days are é&f@ial for fungal growth. As shown in
our study, in both studied seasons, the abundah@engi in the mist increased with air
temperature (Figs. 4 and 5). The microclimate ectaround the brine graduation tower is
characterised by high humidity, and the high angerature promotes the proliferation of
moulds. However, according to Kogej et al. [46]irsty of 10 % limits the occurrence of
moulds, so their abundance in our study did noeestche recommended limits.
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Figures 6-9 show the distribution of cause and ceffeelationships between the
analysed variables assigned to the respective esdlaas a result of the discretisation
(Table 2) and the probability distribution for aesffic state of the analysed variables by air
temperature and brine concentration. An algoritlaseldl on Bayesian networks confirmed
the existence of a relationship between temperandethe occurrence of microorganisms,
as well as between brine concentration and the eurmbfungi andStaphylococcus spp.
However, it did not confirm a cause and effecttiefeship between bacterial abundance
and temperature or brine concentration. The armlsisowed that at brine concentrations
below 18 % there was a high probability of the tgeaaumber ofSaphylococcus spp.

(5 CFU- m™ and above). A low brine concentration did not gigantly differentiate the
fungal abundance (Fig. 6). However, at brine cotra¢ions above 19 %, the probability of
fewer Saphylococcus spp. increased (Fig. 7).

The Bayes model did not show a cause and effecttioabhip between brine
concentration andaphylococcus spp. and air temperature. Regarding the temperature
effect on microorganisms, high air temperature yah®1 °C) favoured the proliferation of
fungi, actinomycetes, anftaphylococcus spp. as well as their occurrence in significant



50z Stanistaw Bodziacki, Katarzyna Wolny-Kotadka andtéesz Malinowski

numbers with a probability of 86 %, 64 %, and 64régpectively (Fig. 9). According to
Figure 9, air temperatures below 16 °C did not avthe proliferation of the above
microorganisms and their lower number can be ergect
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Table 2
Variable discretisation criteria
Original name Variaple narein Valuesand limits of variables

Bacteria [CFUM™| Bacteria Below (< 4), Mean (4-9), Over (> 9)
Fungi [CFUM Mold fungi Below (< 34), Mean (34-59), Over (>)59
Actinomycetes [CFum™| Actinomycetes Below (< 2), Mean (2-8), Over (> 8)
Saphylococcus spp. [CFUM | Saphylococcus spp. Below (< 5), Mean (5-73), Over (> 73)
Air temperature [°C] Temperature Below (< 16), Mé¢aB-21), Over (> 21)
Brine concentration [%] Brine Below (< 18), Mear8{19), Over (> 19)
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Conclusion

Our analyses of the microbial safety of the brinistrare crucial in the context of
monitoring potential microbiological hazards affagt the health of the residents of
Krakow, as well as tourists who use the graduatiover in large numbers. Based on the
conducted research, it can be concluded that:

e The brine mist produced by a closed-cycle brimadgation tower is not free of
microorganisms. Nevertheless, these concentrationsot pose a direct threat to the
health of people using saline inhalations.

* An average brine concentration of 18 % did natuea that the inhalation mist was
completely antimicrobial.

» High temperatures and low brine concentrationgodeed the proliferation of
microorganisms, especialffaphylococcus spp.

* Factors that contributed to the microbiologicahmamination of the brine mist were:
the large number of inhalation users (especiallyinduthe holiday season), non-
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compliance with the rules and regulations for usimg graduation tower (washing of
hands and face in the basin into which the brisvd), the presence of domestic
animals (mainly dogs entering the basin) and wilthnals, mainly birds, which have
unrestricted access to the graduation tower streictind can contaminate it with
faeces.

e Itis necessary to continue to monitor the migotdgical quality of both the brine and
the mist, and to take measures to encourage rabpoasd law-abiding behaviour by
visitors to the graduation tower.

Acknowledgements

We would like to thank the Management of the MywatiGreenspace Authority in
Krakow for allowing us to carry out research at bnme graduation tower in Nowa Huta
(Krakow, Poland) and for all the information on foectioning of the graduation tower

References

[1] Burchard-Dzibuska M. Air pollution and health in Poland anti-smmagvement in the most polluted Polish
cites. Ekonomi&rodowisko. 2019;2(69):76-90. DO10.34659/2019/2/22.

[2] Wielgoshski G, Czerwhska J. Smog episodes in Poland. Atmosphere. 20@&);217. DOI:
10.3390/atmos11030277.

[3] Traczyk P, Gruszecka-Kosowska A. The conditionipfallution in Krakéw, Poland, in 2005-2020, with
health risk assessment. Int J Environ Res Publaithle2020;17(17):6063. DOI: 10.3390/ijerph17176063

[4] Gfadka A, Zatéski T. Impact of air pollution on respiratory disea. Kosmos. 2016;64(4):573-82. DOI:
10.5603/ChSiN.2019.0030.

[5] Gluszek J, Kosicka T. Effects of air pollution omrdiovascular diseases. Choroby Serca Naczy
2019;16(3):201-6. Available from: https://journalamedica.pl/choroby_serca_i_naczyn/article/view/
ChSiN.2019.0030/49229.

[6] Langer P. Saltreatment as an impulse for industrial towns’ fimttchange. Technical Trans Architecture.
2014;4A(9):73-86. Available from: https://ejournals.eu/czasopismogcgasmo-techniczne/artykul/salt-
treatment-as-an-impulse-for-industrial-towns-fuastchange.

[71 Bodziacki S, Wolny-Kotadka K. Microbiological comtgnation of brine feeding a closed-cycle graduation
tower and its potential human exposure. Proceg26@8;11(3):966. DOI: 10.3390/pr11030966

[8] Engelhardt HJ, von Borstel L. The graduation toofeBad Kdsen (Germany) - A centre of salt produgtio
therapy and recreation. Salt Rev. 2015;11:98-108ailable from: https://bibliotekanauki.pl/articles/
2192121 .pdf.

[9] Rogula-Koziowska W, Badyda A, Rachwat M, Rogula-iapP, Majder-topatka M, Kostrzon M, et al.
Graduation towers impact on the concentration dreical composition of ambient aerosol: A caseystud
from Wieliczka Salt Mine in Poland. Atmosphere. 2(13(10):1576. DOI: 10.3390/atmos13101576.

[10] Chudziriska A, Dybczyiska-Butyszko A. Brine graduation towers - a mod&tke on tradition. Defining
The Architectural Space - Tradition and ModernityArchitecture. Wroctaw: Wroctawskie Wydawnictwo
Oswiatowe; 2019;2:19-31Available from: https://dpa.arch.pk.edu.pl/wp-caritaploads/02_Definiowanie-
przestrzeni-2019-tom-2_AGNIESZKA-CHUDZINSKA-i-inpidf.

[11] Kalwasiiska A, Deja-Sikora E, Burkowska-But A, Szab6 A,f&lei T, Kosobucki P, et al. Changes in
bacterial and archaeal communities during the aanaton of brine at the graduation towers in Cmaihek
spa (Poland). Extremophiles. 2018;22(2):233-46.:00011007/s00792-017-0992-5.

[12] Luscinska M, Gadziemska M. Algae flora of graduation trsvim the town of Ciechocinek. Ecol Quest.
2011;14:25-9. DOI: 10.12775/v10090-011-0007-6.

[13] Affelt W. Wooden masterwork of saline in Ciechodinéroc First Int Congress Construction History,
Madrid, 20th-24th  January 2003;1:141-9. Availableronf:  http://www.sedhc.es/biblioteca/
actas/CIHC1_015_Affelt%20W.pdf.

[14] Czubernat M, Tomaszewska B. Review of Polish spgisguthermal waters in balneotherapy and healing
purposes. Mineral Resources Manage. 2021;37(2R40B0Il: 10.24425/gsm.2021.137565.



Evaluation of microbial contamination of the mistended for inhalation in a brine graduation tow&0E

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]
[24]

[25]

[26]

[27]

(28]

[29]

(30]
(31

[32]

[33]

[34]

Krzyzaniak-Sitarz M. Influence of graduation towers orerage annual cations content in black earths
(Mollic Gleysols) in the Inowroclaw City. Ecol ChemEng A. 2012;19(6):573-82. DOI:
10.2428/ecea.2012.19(06)058.

Construction of a salt graduation tower at the Nowata Reservoir. Zagd Zieleni Miejskiej

w Krakowie. Available from: https://zzm.krakow.gttaalnosci/397-budowa-tezni-solankowej-nad-zalew-
nowohuckim.html.

Kejna M, Pospiesziska A, Backer M. The influence of brine graduatiomers on biometeorological
conditions, on the example of Ciechocinek spa t¢Raoiand). Bull Geogr Socio-Econ Ser. 2022;56:23-41.
DOI: 10.12775/bgss-2022-0011.

Burkowska-But A, Kalwagiska A, Swiontek Brzezinska M. The role of opendaimalatoria in the air
quality improvement in spa towns. Int J Occup Mechvibn Health. 2014;27:560-70. DOI:
10.2478/s13382-014-0274-8

Why is it worth living in the Biaczyce district of Krakow? Rynekpierwotny.pl. Avdila from:
https://rynekpierwotny.pl/wiadomosci-mieszkanioveédhica-bienczyce-co-warto-wiedziec/12205/.

PN-EN 13098:2020-0; Exposure at work stations - $leament of microorganisms and microbial products
suspended in the air - General requirements. PGli@hmittee for Standardization, Warsaw, Poland 0202
pp. 1-44. Available from: https://www.intertekinfarcom/en-gb/standards/pn-en-13098-2020-01-
928734 _saig_pkn_pkn_2800485/?srsltid=AfmBOogXyBciktNsM-
ylduzZ3YPrPG23uw4oqqpOvOXHuiyFlyjVxIB.

Grzyb J, Lenart-Bono A. Bacterial bioaerosol concentration and sizerithistion in the selected animal
premises in a zoological garden. Aerobiologia. 288253-68. DOI: 10.1007/s10453-018-09557-9.
Wolny-Kotadka K, Malinowski M, Pieklik A, Kurpask&. Microbiological air contamination in university
premises and the evaluation of drug resistanceaphglococci occurring in the form of a bioaerosontoor
Built Environ. 2017;28:235-46. DOI: 10.1177/1420326748463.

Goérny RL. Microbial areosols: Sources, propertiesalth effects, exposure assessment - A review. KON
Powder Particle J. 2020;37:64-84. DOI: 10.14356#2020005.

Zhang N, Wu L, Yang J, Guan Y. Naive Bayes beafidt diagnosis based on enhanced independence of
data. Sensors. 2018;18(2):463. DOI: 10.3390/s188204

Khabiri S, Crawford MM, Koch HJ, Haneberg WC, Zhu Ah assessment of negative samples and model
structures in landslide susceptibility characteimabased on Bayesian network models. Remote Sgnsi
2023;15(12):3200. DOI: 10.3390/rs15123200.

Liu X, Gao X, Wang Z, Ru X. Improved local searcithvmomentum for Bayesian networks structure
learning. Entropy. 2021;23(6):750. DOI: 10.3390/&&3750.

Gruszczyiski S. The Bayesian model of the interdependenioétaieen soil sorption features. Archives
Environ  Protect. 2010;36(2):25-34. Available  from:https://journals.pan.pl/dlibra/publication/
140915/edition/122690/content/archives-of-environtakprotection-vol-36-no-2-the-bayesian-model-of-
the-interdependencies-between-soil-sorption-featbregruszczynski-stanislaw-2010?language=en.
Pastuszka JS. Emission of airborne fibers from meically impacted non-asbestos fiber-containing
materials: preliminary results. Archives Environ ofect. 2010;36(2):2-12. DOI:
10.1016/j.jhazmat.2008.06.045.

Malinowski M. Selected properties of an alternatifeel manufactured from municipal solid
waste. Infrastructure Ecology Rural Areas. 2013;2@6-39. Available from:
http://www.infraeco.pl/pl/art/a_17260.htm?plik=1520

Qiao Y, Li S, Li W. Uncertainty evaluation based Bayesian transformations: Taking facies proportien
an example. Energies. 2023;16(19):6951. DOI: 1M&3816196951.

Webb MPK, Sidebotham D. Bayes' formula: a powerfult counterintuitive tool for medical
decision-making. BJA Educ. 2020;20(6):208-13. DI:1016/j.bjae.2020.03.002.

Triassi M, Cerino P, Montuori P, Pizzolante A, Tk, Nicodemo F, et al. Heavy metals in groundwater
Southern lItaly: Occurrence and potential adverfge®f on the environment and human health. Intvir&m
Res Public Health. 2023;20(3):1693. DOI: 10.33@0/n20031693.

Chen J, Yang ST, Li HW., Zhang B, Lv JR. Reseanglgeographical environment unit division based on
the method of natural breaks (Jenks). Int Arch &fn@imm Remote Sens Spatial Inf Sci.
2013;XL-4/W3:47-50. DOI: 10.5194/isprsarchives-XtW3-47-2013.

Jureczko M, Ziemlsiska-Buczyiska A, Gliiska-Lewczuk K, Burandt P, Kobus S, Lew S, et aln&mics of
seasonal changes in bacterial biodiversity in ebdakes: £ebsko and Sarbsko. Annual Set Envirateet.
2018;20:1830-58. Available from: http:/lyadda.icdugl/baztech/element/bwmetal.element.
baztech-71f9029b-cc08-4982-88d3-9e35397c4a00.



50¢

Stanistaw Bodziacki, Katarzyna Wolny-Kotadka andt&esz Malinowski

(35]

(36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

Hwang CC, Lee YC, Huang CY, Kung HF, Cheng HH, T¥di. Effect of brine concentrations on the
bacteriological and chemical quality and histamicentent of brined and dried milkfish. Foods.
2020;9(11):1597. DOI: 10.3390/foods9111597.

Wolny-Kotadka K. Microbiological quality of air ifree-range and box-stall stable horse keeping s\gste
Environ Monit Assess. 2018;190(5),269. DOI: 10.1/800661-018-6644-0.

Marques C, Belas A, Menezes J, Moreira da Silv&€alaco-Silva P, Trigueiro G, et al. Human and
companion animal Proteus mirabilis sharing. Micobbi Res. 2022;13(1):38-48. DOI:
10.3390/microbiolres13010003.

Kénonen E, Wade WG. Actinomyces and related orgasmisn human infections. Clin Microbiol Rev.
2015;28(2):419-42. DOI: 10.1128/CMR.00100-14.

Rai A, Khairnar K. Overview of the risks of Stapbgbccus aureus infections and their control by
bacteriophages and bacteriophage-encoded prod@stsz J Microbiol. 2021;52(4):2031-42. DOI:
10.1007/s42770-021-00566-4.

Banaszkiewicz S, Watecka-Zacharska E, Schuberablis B\, Krél J, Stefaniak T, et. al. Staphylococcal
enterotoxin genes in coagulase-negative staphytostability, expression, and genomic context.Jdritlol

Sci. 2022;23(5):2560. DOI: 10.3390/ijms23052560.

Hu DL, Li S, Fang R, Ono HK. Update on moleculavedsity and multipathogenicity of staphylococcal
superantigen toxins. Animal Diseases. 2021;1(73.1800I1: 10.1186/s44149-021-00007-7.

Ghajari A, Lotfali E, Azari M, Fateh R, Kalantary $ungal airborne contamination as a serious threat
for respiratory infection in the hematology wardan&ffos. 2015;14(4):257-61. Available from:
https://www.nchi.nlm.nih.gov/pmc/articles/PMC484 399

Ozyigit LP, Monteiro W, Rick EM, Satchwell J, PashlCH, Wardlaw AJ. Fungal bronchitis is a distinct
clinical entity which is responsive to antifungdhetapy. Chronic Respir Disease. 2021;18. DOI:
10.1177/1479973120964448.

Nazari MT, Machado BS, Marchezi G, Crestani L, &er¥, Colla LM, et al. Use of soil actinomycetes
pharmaceutical, food, agricultural, and environrabnpurposes. 3 Biotech. 2022;12(9):232. DOI:
10.1007/s13205-022-03307-y.

Missiakas DM, Schneewind O. Growth and laboratogimtenance of Staphylococcus aureus. Curr Protoc
Microbiol. 2013;Chapter 9:Unit-9C.1. DOI: 10.100280471729259.mc09c01s28.

Kogej T, Ramos J, PlemenitaS A, Gunde-Cimerman i Ralophilic fungus Hortaea werneckii and the
halotolerant fungus Aureobasidium pullulans mamtaiv intracellular cation concentrations in hyadirse
environments. Appl Environ Microbiol. 2005;71. DQD.1128/AEM.71.11.6600-6605.2005.

Kumari GS, Gundala PB, Kumar JK, Teja CP, Veen&binthala P. Stress tolerance and characterization
of Actinomycetes from salt pan soils of Nellore tiitds, Andhra Pradesh. Res J Pharm Biol Chem Sci.
2016;7(5):1426-35. Available  from: https://www.rasehgate.net/publication/314187956_Stress_
Tolerance_and_Characterization_of_Actinomycetesn fi®alt_Pan_Soils_of Nellore_District_Andhra_Pra
desh.

Otlewska A, Migliore M, Dybka-S$pien K, Manfredini A, Struszczyiwita K, Napoli R, et al. When salt
meddles between plant, soil, and microorganismsontFrPlant Sci. 2020:11:553087. DOI:
10.3389/fpls.2020.553087.



