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Abstract: The aim of the research was to determine the effect of graduation towers on the aerosol
concentration and its composition not only in the vicinity of the graduation tower itself, but also at a
distance from it, on the example of the brine graduation tower in the Wieliczka Salt Mine health resort.
Two measurement sites were selected for the research, one located inside the graduation tower and
the other at the guard booth—at a considerable distance from the graduation tower. Total suspended
particulate (TSP) and PM10 (particulate matter with a diameter that does not exceed 10 µm) samples
were taken simultaneously using the aspiration method. The collected samples were subjected to
analyses of TSP and PM10 concentrations, the content of organic carbon (OC), elemental carbon (EC)
and selected ions. It was confirmed that the composition of the aerosol in the Wieliczka Salt Mine
significantly differs from the typical aerosol composition in inland locations and is similar to the
aerosol composition in coastal zones. The comparison of the aerosol composition at both measuring
sites clearly indicates a very favorable influence of the brine graduation tower on the composition of
the atmospheric aerosol, even at a certain distance from it.

Keywords: brine graduation tower; air quality; TSP; PM10; organic carbon; elemental carbon;
ion concentration; sodium chloride

1. Introduction

A graduation tower is a structure made of wood and blackthorn branches, used to
increase the salt concentration in brine by partial evaporation. In the past, graduation towers
were used to produce table salt by evaporating the brine, but nowadays, they have been
used to increase air humidity and they serve health and wellness purposes [1,2]. The air is
cleaned from particles and water evaporation results in a temperature drop. The humid air
moisturizes the respiratory tract and is used for inhalation therapies [3,4]. Graduation towers
are usually built in the form of long, several meters high buildings, up to several hundred
meters long. The interior of the wooden structure is filled with bundles of blackthorn twigs,
on which brine flows from above, breaking against individual twigs. There is usually a brine
collection pool under the graduation tower. The aim of the whole process is to obtain at
least 16% (maximum approx. 27% [5]) of NaCl solution in water [6,7]. The setting process is
highly dependent on the weather. On a sunny and windy day, evaporation is the most intense,
which gives the best results; on rainy and foggy days, it hardly attains any concentration. On
unfavorable days and at night, the brine supply is disconnected.

Originally, in the 17th and 18th centuries, brine was poured with shovels on wooden
structures covered with blackthorn twigs, which splashed on the twigs and ran down
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to the reservoir under the graduation tower. This process was repeated many times,
which allowed for a higher brine density. Thanks to this procedure, during the brewing
process, less thermal energy was used to evaporate the water from the brine and crystallize
the salt. The use of pumps allowed for the construction of much higher graduation
towers, many hundred meters high. This did not change the principle of operation of
the graduation towers, as the brine flowed by gravity down the blackthorn branches.
The formation of aerosols rich in salt during production was an undesirable effect, as
it led to the loss of salt, while with regard to inhalation, the composition of the aerosol
is of the greatest importance. The development of other methods of obtaining salt and
the growing importance of balneology in medicine have made the graduation towers a
place for inhaling the specific aerosol created in their surroundings. Graduation towers
constructed for therapeutic purposes differ slightly from traditional graduation towers.
Among all of the towers, the brine flows mainly down the walls that are vertical (that do
not widen at the base) to create as much healing mist as possible.

The microclimate around the graduation towers is used in the prevention and treatment
of upper respiratory tract diseases, sinusitis, emphysema, arterial hypertension, allergies,
vegetative neurosis and in the case of general exhaustion [8–13]. Graduation towers, in a
similar way to the interiors of subterranean salt chambers, support the treatment of people
suffering from chronic pneumonia, bronchitis, diseases of the upper respiratory tract and
allergies [14]. In addition, staying in the towers and breathing clean air with salt particles is
also recommended for healthy people, especially for children and seniors [15–18], as well as
for those living in cities or near busy roads or in areas with smog episodes. Brine inhalations
cleanse the respiratory tract, moisturize the mucous membranes, and soothe inflammation.

It should also be emphasized that the brine graduation tower is not only a specific
microclimate within the facility itself, but also determines the quality and chemical compo-
sition of the air, both within the graduation tower itself, as well as outside its area.

There are increasingly more graduation towers in Poland. They are not only present in
some health resorts, such as Wieliczka, Busko-Zdrój, Inowrocław, Rabka-Zdrój and the largest in
Europe and the oldest (19th century) still active Polish graduation tower located in Ciechocinek
(Kuyavian-Pomeranian Voivodeship) [19–21], but also in many other cities (Warsaw, Łódź,
Bełchatów, Płock, Puławy, Radom, Toruń, Trzebnica, Rzeszów and Silesian cities [22,23]).

The objective of the research was to determine the effect of graduation towers on the
aerosol concentration and its composition not only in the vicinity of the graduation tower
itself, but also at a distance from it, on the example of the brine graduation tower in the
Wieliczka Salt Mine health resort.

2. Materials and Methods
2.1. Sampling Site

The study was performed at the Wieliczka Salt Mine health resort with its graduation
tower, the contractor of which was Skanska. The wooden construction graduation tower
measures approximately 53 × 69 m and has an area of 7500 m2. The entire structure, with
a 22.5 m high octagonal observation tower, forms part of the structure of the building
and refers to the no longer existing cooling towers. The health-promoting brine water
extracted from the interior of the Wieliczka Salt Mine flows down the larch structure of the
graduation tower, spreading a healing salt breeze around it.

The samples were collected in the following two measuring sites: one located inside
the brine graduation tower and the second (remote site) located approx. 350 m from the
graduation tower at the guard booth at the Daniłowicz Shaft. The dust collector was
placed on the landing to ensure that the measuring head was located at an appropriate
height (approx. 2.5 m above the ground level). At each of the measurement points, a total
suspended particulate (TSP) sample and a PM10 atmospheric aerosol sample (liquid and
solid particles with an aerodynamic equivalent diameter that does not exceed 10 µm) were
taken simultaneously. In each case, the measurements were repeated five times.
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2.2. TSP and PM10 Sampling

It was planned to test about 10–16 m3 of air in a single measurement. This value,
assuming a standard flow of 2.3 m3/h for measurements carried out in accordance with
PN-EN [24–29], allows for continuous sampling of the aerosol for 7–8 h, i.e., in the period
covering most of the time when the brine concentration pool is open during the day for
patients/guests. [30,31].

Total suspended particulate and PM10 atmospheric aerosols were chosen for this
investigation, as the study was aimed at smaller fractions, which seemed to be more
appropriate in determining the adverse effects of the object on human health. However,
this aspect is very interesting and in future research, we will also consider the chemical
composition of finer aerosol fractions.

It is evident that the smaller the size of the dust particles, the greater their harmfulness.
Dust particles larger than 10 µm generally do not enter the lungs via air, but end up in the
throat and nose. The healing properties of graduation towers are related to the purification
and moisturizing of the nasopharyngeal cavity and the reduction in inflammatory reactions
and allergies due to the salts contained in the surrounding aerosols. Therefore, TSP and
PM10 atmospheric aerosols were selected for this investigation. Thus, studies on smaller
fractions seemed more justified in determining the adverse impact of the object on human
health and this aspect will be taken into account in future studies.

Aerosol sampling was performed from 19 August to 2 September 2015 using the
aerosol sampling devices MVS6D produced by Atmoservice (Poznań, Poland). These
aspirators consist of a pump equipped with a motor and an electronic flow rate microcon-
troller, a temperature and air pressure sensor and measuring heads (separately for TSP
or PM10 head). Aerosol samples were collected on quartz filters (Whatman, QMA, ø47
mm, CAT No. 1851-037). The weights of the aerosol samples collected on the filters were
determined by weighing the filters on a MYA 5.3 Y.F microbalance with a resolution of
1 µg (Radwag, Poland), before and after exposure. Before weighing, the filters (clean or
with a sample) were conditioned under constant conditions in the weighing room for 48 h
(constant humidity 45 ± 5% and air temperature 20 ± 2 ◦C). All the operations related to
the conditioning of the filters were carried out in a stream of sterile air inside the laminar
chamber.

After taking aerosol samples and conducting gravimetric analysis, a slice from each
collected sample was taken for determining the content of organic (OC) and elemental
carbon (EC) in the aerosol, while the rest were analyzed for the content of selected ions.

2.3. Chemical Analyses: QA/QC

Organic (OC) and elemental (EC) carbon content analysis was carried out using a ref-
erence OC/EC thermal-optical method with the application of the Sunset Laboratory Inc.
instrument (Portland, OR, United States). It is a method recognized by NIOSH (the National
Institute for Occupational Safety and Health) for determining OC and EC in the mass of
aerosol deposited on filters (1.5 cm2 samples). The analysis was performed using the “EUSAR-
2” protocol [32]. The measurement performance was controlled by systematic calibrating of
the analyzer within the range for the determined concentrations and by analyzing standards
with certified carbon content (RM 8785 and RM 8786, NIST, Gaithersburg, MD, USA) and the
blank samples [33,34]. The detection limit for total carbon (TC), computed after analyzing the
26 blanks, was 0.52 µg C/cm2 (0.43 and 0.09 µg C/cm2 for OC and EC, respectively). The
standard recovery was from 98 to 122% of the certified value for OC and from 95 to 116% for
EC (the certified values were taken from the IMPROVE program).

The remaining part of each sample, the aerosol deposited on quartz filters (sample
reduced by the cutout for OC and EC content), was placed in extraction containers (ROTH
brand). A total of 25 mL of deionized water was added to each extraction vessel and
tightly screwed to prevent leakage during extraction. Then, the extracts were sonicated in
an ultrasonic bath (60 min) at a temperature that did not exceed 15 ◦C. Furthermore, the
extraction containers were placed on a mechanical shaker and shaken overnight in a room
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(about 18 ◦C) at 60 cycles per min. The extracts were filtered through a microporous filter
(CRONUS brand with a PES membrane with a porosity of 0.2 µm).

The selected ions (Cl−, NO3−, NO2−, Br−, PO4
3−, SO4

2−, F−, I−, Na+, NH4
+, K+,

Ca2+, Mg2+) collected on the filters were extracted in water and the obtained water extracts
were analyzed by ion chromatography. The ion chromatograph Metrohm (Metrohm AG,
Herisau, Switzerland; equipped with an 818 IC pump, 819 IC detector, 837 IC eluent
degasser, 830 IC interface; 820 IC separation center) and Metrodata 2.3 software were
used for determinations. The method was validated against the CRM Fluka product nos.
89,316 and 89,886; the standard recoveries were from 92% (Na+) to 109% (Cl−) of the
certified values, and the detection limits were from 10 ng/cm3 for NH4

+ to 27 ng/cm3 for
NO3

− and Na+ [34].

3. Results and Discussion
3.1. TSP and PM10 Concentrations

Inside the graduation tower, TSP concentrations are very high. During the parallel
measurements at the remote site, the concentrations were, on average, 18 times lower
(Table 1). The TSP concentrations measured at the remote site were constant from day to
day, while those measured inside the graduation tower dropped sharply in the following
days of the measuring period. This may be the effect of a significant increase in wind speed
during this period [35]. PM10 concentrations measured in the analogous configuration of
the measurement points were similar in both places (Table 1). On each measurement day
in the brine graduation tower, the PM10 concentrations were slightly higher than at the
remote site; however, the average concentration ratio was not higher than 1.5. In general,
the average PM10 aerosol concentration outside the graduation tower in the Wieliczka
Salt Mine can be considered low. It is caused, among others, by the atmospheric and
emission conditions that prevail in the summer in this region, which are not conducive to
the accumulation of pollutants in the atmosphere [36–39]. Higher PM10 concentrations
inside the graduation tower are most likely the result of the presence of fine brine droplets
in the dispersed phase of the aerosol. For comparison, data on PM10 concentrations in
various other regions of Poland from a similar research period, including the summer
season, can be cited. For example, in the atmospheric air in the area of the so-called Green
Lungs of Poland, in the Borecka Forest in the north of Poland, the average annual aerosol
concentration is only about a dozen percent lower; similar PM10 concentrations were
recorded in the summer and autumn in the Gdańsk coastal zone of the Baltic Sea [40]. On
the other hand, in cities in the south of the country, e.g., in Kraków, its concentrations were
much higher [41].

3.2. OC and EC Concentrations

The concentrations of organic carbon (OC), as well as element carbon (EC), in the
TSP, regardless of the differences in the mass concentrations of the aerosol itself, were very
similar at both measurement points (Table 1). The carbon compounds present in the air
are the result of anthropogenic emissions, which are most often emissions related to the
combustion of fuels in urban areas in Poland [42–45]. The effect of air purification from
these compounds (carbon compounds) inside the brine graduation tower is clearly visible
in the case of the observation of TSP. This aerosol contains practically no carbon compounds
in its total weight (Figure 1a). Evidently, this is indirectly due to the large difference in the
aerosol mass collected at both points. Nevertheless, the content of carbon compounds per
m3 of air was also significantly lower inside the graduation tower than at the measuring
point outside it. For example, the ratio of EC concentrations in TSP inside the graduation
tower to the EC concentrations in TSP at the remote site was 0.3 (Table 1). The PM10 aerosol
inside the graduation tower was not characterized by such strong properties of “washing
out” carbon compounds from the air (Figure 1). It seems that finer PM10 particles have
similar properties inside and outside the brine graduation tower (Figure 1b and Table 1).
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Table 1. Mean concentrations of TSP, PM10 and organic carbon OC and elemental EC associated with
these fractions and the ratios of selected values.

Data Graduation Tower Remote Site

TSP results

Mean TSP, µg/m3 994.0 54.0
Mean OC, µg/m3 12.8 9.8
Mean EC, µg/m3 0.7 2.3

PM10 results

Mean PM10, µg/m3 38.0 25.0
Mean OC, µg/m3 6.4 6.9
Mean EC, µg/m3 1.5 1.5

Ratio * Graduation Tower Remote Site

PM10/TSP × 100, % 4.0 47.0
OC in PM10/OC in

TSP × 100, % 0.5 0.7

EC in PM10/EC in
TSP × 100, % 2.2 0.6

Ratio **

Graduation tower/remote site TSP 18.4
Graduation tower/remote site PM10 1.5

Graduation tower/remote site OC in TSP 1.3
Graduation tower/remote site OC in PM10 0.9
Graduation tower/remote site EC in TSP 0.3

Graduation tower/remote site EC in PM10 1.0
* Ratio between feature concentration in PM10 to concentration in TSP, ** ratio between feature concentration in
graduation tower to concentration in remote site.

3.3. Ionic Components

Table 2 shows the concentrations of water-soluble ions related to TSP and PM10 at
two measurement points on consecutive measurement days. As expected, the highest
concentrations, regardless of the tested fraction, were for Cl−, Na+, SO4

2−, and NH4
+.

Regardless of the fluctuations in the concentration of TSP in the air and the concentrations
of ionic components of this aerosol in the consecutive measurement days, both in the brine
graduation tower and at the remote site (Table 2), the proportions of the concentration of
ionic components associated with both fractions of the aerosol are quite aligned over the
entire measurement period. Therefore, it is possible to assume that chloride concentrations
in the graduation tower in the Wieliczka Salt Mine are, on average, about 19 times higher
than outside it and the sodium concentrations are also 10 times higher, etc. It is clearly
visible that TSP in the graduation tower is very strongly enriched in fluorides, iodides and
bromine compared to the aerosol outside the graduation tower. This equalization of the
concentration ratios of ionic components inside and outside the graduation tower probably
means that the dominant role in shaping the chemical composition of the aerosol inside the
graduation tower must be played by the conditions inside it, and thus de facto the brine
composition [46].

Interestingly, even though the concentrations of both PM10 and its ionic components
were much more even in the measurement periods at both points than in the case of TSP
(Table 2), the ratios of concentrations of the same PM10 components at two points were
quite variable in the research period. Thus, it seems that the concentration and chemical
composition of PM10 inside the graduation tower is, to some extent, also dependent on the
external conditions and the chemical composition of PM10 outside the graduation tower.
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Table 2. Concentration (µg/m3) of ionic components of water-soluble aerosol related to TSP and
PM10 in the five-day measurement periods.

Date Cl− Na+ SO42− NO3− NH4
+ Ca2+ Mg2+ K+ F− Br− I−

Graduation
Tower PM10

27 August 2015 2.13 6.08 3.04 0.27 1.16 0.64 0.05 0.46 0.0265 0.0001 0.0031
28 August 2015 1.77 5.91 2.96 0.27 1.19 0.32 0.05 0.46 0.0037 0.0001 0.0050
31 August 2015 1.55 6.22 3.11 0.14 0.82 0.44 0.04 0.33 0.0041 0.0001 0.0000
1 September 2015 1.33 6.64 3.32 0.11 1.01 0.52 0.02 0.28 0.0041 0.0001 0.0004
2 September 2015 1.20 5.98 2.99 0.13 0.98 0.20 0.02 0.25 0.0001 0.0001 0.0002

Mean 1.60 6.15 3.08 0.18 1.03 0.42 0.04 0.36 0.0077 0.0001 0.0017

Remote Site PM10

27 August 2015 0.69 1.64 0.66 0.27 0.84 0.17 0.02 0.39 0.0003 0.0001 0.0001
28 August 2015 0.42 1.56 1.56 0.27 0.83 0.22 0.02 0.83 0.0004 0.0001 0.0001
31 August 2015 0.29 0.99 0.99 0.14 0.85 0.38 0.02 0.67 0.0004 0.0001 0.0001
1 September 2015 0.39 0.97 0.97 0.11 0.82 0.20 0.02 0.90 0.0017 0.0001 0.0001
2 September 2015 0.93 2.35 0.57 0.13 0.80 0.28 0.00 0.24 0.0013 0.0001 0.0001

Mean 0.54 1.50 0.95 0.18 0.83 0.25 0.02 0.61 0.0008 0.0001 0.0001

Graduation
Tower TSP

19 August 2015 74.88 34.56 8.64 0.92 3.88 1.12 2.25 1.54 0.0170 0.0032 0.0084
20 August 2015 40.37 18.63 4.66 1.07 3.98 1.04 2.08 1.54 0.0209 0.0043 0.0075
21 August 2015 40.42 18.66 4.66 1.21 2.73 0.84 1.68 1.12 0.0118 0.0029 0.0063
24 August 2015 39.37 18.17 4.54 1.21 3.35 0.41 0.82 0.95 0.0289 0.0001 0.0095
26 August 2015 39.04 18.02 4.50 0.55 3.27 0.49 0.98 0.82 0.0289 0.0001 0.0098

Mean 46.82 21.61 5.40 0.99 3.44 0.78 1.56 1.19 0.0215 0.0021 0.0083

Remote Site
TSP

19 August 2015 3.53 3.58 1.02 0.33 0.94 0.19 0.05 0.49 0.0003 0.0001 0.0001
20 August 2015 2.16 2.50 1.56 0.33 0.92 0.25 0.05 1.04 0.0004 0.0001 0.0001
21 August 2015 2.14 0.93 0.93 0.17 0.94 0.42 0.04 0.84 0.0004 0.0001 0.0001
24 August 2015 2.12 0.86 0.86 0.13 0.82 0.22 0.02 1.12 0.0017 0.0001 0.0001
26 August 2015 2.17 2.57 0.63 0.15 0.80 0.31 0.02 0.31 0.0013 0.0001 0.0001

Mean 2.42 2.09 1.00 0.22 0.88 0.28 0.04 0.76 0.0008 0.0001 0.0001

0.00—result lower than detection limit of the method.

All the determined components accounted for approximately 40% of the TSP mass,
except for the brine graduation tower (Figure 2). This is an expected result. In the remote
site, TSP consists of approximately 47% of the PM10 fraction (Table 1) and the remaining
50% of the mass may be soil elements and other mineral substances and road dust [47,48].
This matter, not determined in the described experiment, is the building material of large
particles of atmospheric aerosols. Thus, it is obvious that the aerosol constituents designated
here contribute to the much higher mass of PM10 compared to TSP.

Atmosphere 2022, 13, x FOR PEER REVIEW 8 of 13 
 

 

All the determined components accounted for approximately 40% of the TSP mass, 
except for the brine graduation tower (Figure 2). This is an expected result. In the remote 
site, TSP consists of approximately 47% of the PM10 fraction (Table 1) and the remaining 
50% of the mass may be soil elements and other mineral substances and road dust [47,48]. 
This matter, not determined in the described experiment, is the building material of large 
particles of atmospheric aerosols. Thus, it is obvious that the aerosol constituents desig-
nated here contribute to the much higher mass of PM10 compared to TSP. 

 
Figure 2. Mass percentage of various components in the TSP mass. 

Furthermore, inside the graduation tower, the selected components largely define 
the mass of the PM10 aerosol (Figure 3). There is a clear difference between the chemical 
composition of PM10 inside and outside the graduation tower. In the graduation tower, up 
to 40% of the PM10 mass is made of chlorides, sodium and sulphates; sodium and chloride 
alone account for no less than 20% of the weight of PM10 (Figure 3). Apart from the grad-
uation tower, the proportion of these components in the PM10 mass is much lower, and 
the composition of the PM10 aerosol is dominated by carbon compounds. However, it is 
worth noting that the composition of PM10 in the remote site is completely different from 
that usually observed in typical inland locations. Rather, it is similar to the composition 
of an aerosol in coastal zones (Figure 4) [49]. It seems that regardless of the differences 
between the chemical composition of PM10 at both measuring points, the brine graduation 
tower noticeably affects the quality and chemical composition of the air in the health re-
sort. Most likely, the increased proportion of sodium chloride in the air, which strongly 
absorbs various pollutants, may affect the purification of this air from various hazardous 
substances, mainly volatile organic compounds (hydrocarbons). Therefore, the scope and 
scale of the influence of graduation towers are difficult to determine in the described ex-
periment; they certainly depend to a large extent on weather conditions (mainly on the 
strength of the wind), so they are fast and strongly changeable. 

Figure 2. Mass percentage of various components in the TSP mass.



Atmosphere 2022, 13, 1576 8 of 13

Furthermore, inside the graduation tower, the selected components largely define
the mass of the PM10 aerosol (Figure 3). There is a clear difference between the chemical
composition of PM10 inside and outside the graduation tower. In the graduation tower,
up to 40% of the PM10 mass is made of chlorides, sodium and sulphates; sodium and
chloride alone account for no less than 20% of the weight of PM10 (Figure 3). Apart from
the graduation tower, the proportion of these components in the PM10 mass is much lower,
and the composition of the PM10 aerosol is dominated by carbon compounds. However, it
is worth noting that the composition of PM10 in the remote site is completely different from
that usually observed in typical inland locations. Rather, it is similar to the composition
of an aerosol in coastal zones (Figure 4) [49]. It seems that regardless of the differences
between the chemical composition of PM10 at both measuring points, the brine graduation
tower noticeably affects the quality and chemical composition of the air in the health resort.
Most likely, the increased proportion of sodium chloride in the air, which strongly absorbs
various pollutants, may affect the purification of this air from various hazardous substances,
mainly volatile organic compounds (hydrocarbons). Therefore, the scope and scale of the
influence of graduation towers are difficult to determine in the described experiment; they
certainly depend to a large extent on weather conditions (mainly on the strength of the
wind), so they are fast and strongly changeable.
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The described impact of the graduation towers on air quality, apart from its immediate
surroundings, is also visible in the case of the chemical composition of TSP (Figure 2).
A clear share of chlorides and sodium and a very small share of carbon compounds and
nitrates in TSP clearly distinguishes the aerosol in the salt mine from a typical urban aerosol
in the southern part of Poland [40,47–49]. The determined components of TSP in the
graduation tower constituted a very small part of its mass; on average, about 10% during
the research period. Chlorides and sodium make up most of these components. Since the
mass fraction of various dissolved salts in brine usually does not exceed a few percent of the
mass of the brine, it seems that the average fraction of the determined components in TSP,
in view of the practically imperceptible share of carbon compounds in this aerosol, may
be determined to a certain (slightly) degree, apart from the brine salt, by the composition
of the outside air. As can be observed, apart from the influence of the graduation tower,
at the Daniłowicz shaft, the aerosol also contains certain amounts of various ions, so the
air migrating to the graduation tower additionally enriches the air inside the graduation
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tower with ions, and in various types of salts composed of the ions. The rest of TSP inside
the graduation towers is water.
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Figure 5 shows the stoichiometric estimated concentrations of sodium chloride in
the air at two measurement points. It is clearly visible that they can be up to 15 times
higher in the brine graduation tower (in the case of TSP on 19 August 2015) than outside
the graduation tower. However, it is worth remembering that the concentrations of NaCl
estimated outside the graduation tower, i.e., at the point located at the Daniłowicz shaft,
are very high in relation to the concentrations recorded in typical inland areas. Therefore,
it seems that the presence of such a strong source of NaCl as a graduation tower causes a
change in the chemical characteristics of the aerosol over a much larger area than just the
area directly adjacent to it. Another explanation for the presence of very high concentrations
of NaCl outside the graduation tower could be the large NaCl contamination of roads,
roadsides and soil in the area of the remote site point, which (especially in summer) can
often be excluded. In the case of NaCl associated with the PM10 fraction, the concentrations
in the air are several times higher in the graduation tower than outside it and, similar
to the NaCl in TSP, the NaCl concentrations in PM10 in the area outside the graduation
tower are surprisingly high. As in this case it concerns very fine particles, which are easily
transported in the air, there is speculation that the brine graduation tower creates a specific
microclimate not only inside the facility itself, but also, in a noticeable and positive way,
determines the quality and chemical composition of the air in its vicinity, even several
hundred meters away.
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4. Conclusions

The results of the described investigation are the first results that were obtained using
the presented methodology adapted for the purpose of carrying out research in brine
graduation towers. They allow the following conclusions to be drawn:

1. Inside the graduation tower, TSP concentrations are very high (the average TSP aerosol
concentration in the measurement period was 994 µg/m3). Concurrent measurements
of the concentration at the remote point were, on average, 18 times lower (the average
concentration in the measurement period was 54 µg/m3).

2. PM10 concentrations measured in the analogous configuration of the measurement
points were also higher within the graduation tower (38 µg/m3 on average during
the measurement period) compared to the remote site point (25 µg/m3), but the ratio
of these values, in contrast to TSP, did not exceed values of 1.5.

3. There was a clear difference between the chemical composition of the aerosol inside
the brine graduation tower and outside the graduation tower area. In the graduation
tower, 40% of the PM10 mass included chlorides, sodium and sulphates, while sodium
and chloride alone constituted no less than 20% of the PM10 mass. Apart from the
graduation tower, the proportion of these components in the PM10 mass was much
lower, and the composition of the PM10 aerosol was dominated by carbon compounds.

4. The components of TSP in the graduation tower constituted a relatively small part
of its mass (during the research period, it was on average about 10%), as most of the
masses of these components were made up of chlorides and sodium. Nevertheless, it
should be noted that their concentrations in the air are still 1–2 orders of magnitude
higher compared to the content of ions in the aerosol outside the graduation tower.

5. The aerosanitary conditions in the zone of influence of the salt graduation tower
of the Wieliczka Salt Mine are favorable due to the ionic composition and aerosol
concentration. It is one of the important factors that determines the healing properties
of the health resort. The brine graduation tower creates a specific climate, similar to a
coastal microclimate, not only inside the facility itself, but also, in a noticeable and
positive way, determines the quality and chemical composition of the air in its vicinity,
even several hundred meters away.
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6. The obtained results should be treated as preliminary results, and they should be
verified by further measurements and tests. It is recommended to carry out another
measurement campaign that covers at least one month of aerosol sampling and that is
carried out separately in two measurement seasons—summer and winter. This will
be dictated by both the variability in meteorological conditions, which may affect the
observed measurement results, and the different content and chemical composition of
atmospheric pollutants, which is related to emissions from the communal and living
sector (households and local heating devices, boiler houses and heating plants). The
proposed extended measurements should be carried out in such a way that it will be
possible to relate the measurement results from the brine graduation tower to at least
two or three other points (the so-called remote site), located in different distances and
directions from the graduation tower.
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9. Frączek, K.; Górny, R.L.; Ropek, D. Bioaerosols of subterraneotherapy chambers at salt mine. Aerobiologia 2013, 29, 481–493.

[CrossRef] [PubMed]
10. Kalinowska, A.K.; Mirska, A.; Dmitruk, E. Subterraneoterapia jako swoista metoda klimatoterapii. Acta Balneol. 2013, 131, 55–58.
11. Latour, T. Obiekty Subterraneoterapii w Polsce; Instytut Medycyny Uzdrowiskowej, Biblioteka Lekarza Uzdrowiskowego: Poznań,
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