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Abstract. In this paper, the stability of sulphur (ll) compounds determined as the sum of hydrogen
sul-phide, hydrosulphides and sulphides was evaluated in groundwater sourced from the B-8b Michat

intake. Sulphide waters are a valuable raw material used as a basis for spa treatment in Busko-Zdrdj. Key words:
Based on the chemical composition analyses conducted in the years 1946-2018, a general analysis sulphide waters,
of random variability and statistical analysis of data was performed using PS IMAGO 5.0.1 software. B-8b Michat,
Stability assessment was carried out on the data set for the 2009-2018 period on the basis of indi- stability assessment,
vidual measurement control charts. Trend analysis was also performed using the GWSDAT software. analysis of trends
Introduction of sulphur (II) compounds in the medicinal wa-

ter sourced from the B-8b Michal well owned by

Uzdrowisko Busko-Zdréj S.A. (health resort).
Pursuant to the Geological and Mining Law of 9

June 2011 (PGG 2017), which is a Polish legal act
currently in force, sulphide waters are groundwa-
ters that are neither chemically nor microbiological-
ly contaminated, that exhibit a natural variability of
physicochemical properties and that contain at least
1 mg/dm’ of sulphur (II) compounds - these are
the ingredients that endow the water with therapeu-
tic properties. Sulphide waters are used for balneo-
therapeutic purposes, both as baths and drinking
cures (Legwant 1995; Kucharski and Sliwiniska
2006; Jedrzejczak et al. 2010; Legwant et al. 2013).
It is therefore very important that their chemical
composition be stable, including, but not limited to,
a stable content of the sulphur (II) compounds that
are their therapeutic ingredient. This paper pres-

Characteristics of the study area and
water intake

Morphologically, the study area is situated in the
Nida Basin, which lies in the southern part of the
Szczecin-Miechéw Synclinorium (Kondracki 2009;
Zelazniewicz 2011). The basin is an extensive brach-
ysyncline (brachyfold) filled with incomplete Mes-
ozoic formations: from the Cretaceous - sands,
sandstones with conglomerate and marl inserts in
places; from the Jurassic — limestones; and from
the Triassic — claystones, mudstones and limestones

k - ) with sandstone and conglomerate inserts (Lyczews-
ents an analysis of the stability of concentrations |, 1972). The substrate is made up of dislocated
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and strongly tectonically disturbed Palaeozoic for-
mations, while the overburden consists of uncon-
formable Neogene formations, mostly consisting of
clayey, muddy and sandy factions with evaporate
(gypsum) interbeddings (Lyczewska 1972; Pozarys-
ki 1974). The study area is characterised by a block-
fold structure with faults running in the NW-SE
direction and subordinate faults in the NE-SW di-
rection. This complex geological structure is re-
flected by the presence of varied hydrogeological
conditions. Several aquifers (Quaternary, Neogene,
Upper Cretaceous, Jurassic and Triassic — Fig. 1)
have been identified in the study area (Paczynski
and Sadurski [eds] 2007; Chowaniec et al. 2014). It
is one of the most promising regions in Poland in
terms of the presence of sulphide waters (Paczynski
and Sadurski [eds] 2007). The B-8b Michatl intake
in question is situated within the boundaries of the
Busko II mining area with an area of 49.85 km?,
which lies within the town and municipality of
Busko-Zdréj (Busko District) (Midas 2019). As at
January 2019, a concession granted by the Minis-
ter of the Environment for the extraction of me-
dicinal waters in this area was held by Uzdrowisko
Busko-Zdroj S.A.

The 60.0-metre-deep well of the B-8b Michat in-
take was drilled in 1989. The approved extraction
rate is 3.6 m*/h. The aquifer is situated in Upper
Cretaceous sandy marl (Turon-Cognac) at depths
ranging from 26.0 to 56.0 m (Krawczyk et al. 1999;
Porwisz et al. 2002). According to the Szczuka-
riew-Priklonski classification, it holds sodium-chlo-
ride, sulphide and iodide water. On the basis of the
results of the authors’ own physicochemical analysis
carried out in 2018, the total mineralisation of this
water was determined, which amounted to 13.8 g/L.
The basic chemical composition of water from the
B-8b intake is presented in Table 1.

Chemical composition characteristics accord-
ing to Kurlov’s formula are as follows:
cl’°s0}’

21¢36.7
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Methodology and data analysis

The database consists of the results of archival anal-
yses carried out from 1946 to 2017 and the results
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Fig. 1. Geological cross-section of the Busko-Zdréj region with marked location of the B-8b Michal intake (according to

Porwisz et al. 2002; Gorczyca and Tott 2010)
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of the authors’ own 2018 tests. In total, 57 determi-
nations of sulphur (II) compounds were gathered
(S[II] was not always measured). The analyses were
performed once a year by various laboratories. The
database was verified by means of box-and-whisker
plot analysis (Fig. 2). No outliers or extreme obser-
vations were found, and therefore the entire da-
tabase was used for further analysis (Wator et al.
2016).
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Fig. 2. Box-and-whisker plot for sulphur (II) compounds in
groundwater from the B-8b Michat intake

A statistical analysis was performed for the en-
tire database. For this purpose, the PS IMAGO
5.0.1 exploration procedure was used. On the basis
of the results obtained (Table 2), it was found that
the mean concentration of sulphur compounds (II)
amounted to 29.9 mg/L and was close to the val-
ue for the average sample (median = 29.1 mg/L).
These values significantly exceed the 1 mg/L thresh-
old value stipulated in the Geological and Mining
Law (PGG 2017).

Figure 3 shows the range of variation in con-
centrations of sulphur (II) compounds in the en-
tire observation period together with the name of
the laboratory performing the test. The chart shows
clear groups of results related mainly to the change
of laboratory, and thus also of methods for collect-
ing samples and determining concentrations of sul-
phur (II) compounds.

Laboratories performing analysis of sulphur (II)
compounds used different analytical methods over
time (Table 3). Changes in the laboratory perform-
ing the analyses, and at the same time changes of
analytical method for determining specific compo-
nents in groundwater samples can lead to apparent
changes in concentration of the component being
analysed, as presented in a paper by Wator et al.
(2018). While taking into account the uncertain-
ty that affects all the mentioned parameters of the
method, the results are similar.

Further assessment of the stability of sulphur (II)
compound concentrations over time was based on
analytical results from the last ten years (from 2009
to 2018) in order to avoid the impact of an excessively
long measurement series on trend assessment results.
This made it possible to limit the analysis to results
obtained by basically a single laboratory (Fig. 3)
and to observe actual changes that could have been
distorted in excessively long measurement series
(Kmiecik and Korzec 2015; Rusiniak et al. 2017;
Kmiecik 2018a, b; Wator et al. 2018). For this pur-
pose, individual measurement control charts were
produced using the PS IMAGO Pro 5.0.1 software
(a system based on IBM SPSS Statistics). The stabil-
ity of the parameter tested is estimated on the basis
of the locations of points which correspond to the
values of that parameter in relation to the relevant
control lines (Wator et al. 2016). For the concentra-
tion of sulphur (II) compounds, basic control limits
were set as the mean +30 (UCL - upper control lim-
it and LCL - lower control limit) and warning limits
were set as the mean +20 (UWL - upper warning
limit and LWL - lower warning limit), which limits

Table 1. Basic chemical composition of water from the B-8b Michat intake based on authors’ studies

Intake TDS . . Mg** Ca* i SO * HCO - S(I1)
name pH [g/L] Na® [mg/L] K- [mg/L] [mg/L [mg/L] Cl' [mg/L] [mg?L] [mg/ f] [mg/L]
B-4b
. 7.11 13.84 4091 121 261 445 6512 1909 441 36.7
Michat
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Fig. 3. Changes in the concentration of sulphur (II) compounds in groundwater from the B-8b Michal intake (red lines de-
note changes of laboratory performing the analysis): A - PPTOU, Laboratory in Szczawno; B - PPTOU, Laboratory
in Warsaw; C - “Balneoprojekt” Laboratory, Warsaw; D — AGH University of Science and Technology; E - Nation-
al Institute of Hygiene, Poznan

Table 2. Descriptive statistics for sulphur (II) compounds in groundwater from the B-8b Michat intake for the analysed pe-
riod (1946-2018)

Parameter Statistics Standard

error
Number of analysed data 57

Mean 29.9 1.12
95% confidence interval for the Lower limit 27.7
mean Upper limit 322
Median 29.1

Sulphur (II) compounds [mg/L

P an P (mg/L] Standard deviation 8.48
Minimum 17.2
Maximum 49.0
Range 31.8

Table 3. Analytical methods used by laboratories performing analysis of sulphur (II) compounds over entire period (1946-

2018)
Laboratory Analytical method for S (II) determination
PPTOU, Laboratory in Szczawno n.a.
PPTOU, Laboratory in Warsaw n.a.
“Balneoprojekt” Laboratory, Warsaw Ion-selective electrode (PN 1981)
AGH University of Science and Technology Thiomercurimetric method (PN 1982)
National Institute of Hygiene, Poznan Ion-selective electrode (PN 1981)

n.a. —not available

at the same time constitute the permissible fluctua-  the upper warning limit and the upper control limit
tion range for medicinal waters (Ciezkowski 2007).  (Fig. 4). This points to a stable concentration of sul-
The chart control analysis conducted demonstrat-  phur (II) compounds in the water tested.

ed that none of the points exceeded the basic con- As the last stage, trends in concentrations of the
trol limits, and only one point was situated between therapeutic ingredient in question were analysed.
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Fig. 4. Control chart for individual measurements of sulphur (II) compounds in groundwater from the B-8b Michat intake
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Fig. 5. Result of trend analysis for sulphur (II) compounds in groundwater from the B-8b Michat intake

For this purpose, the GWSDAT software (Kmiecik
et al. 2004; Jones and Spence 2013; Mika and Ko-
rzec 2015; Wator and Kmiecik 2015) was used. The
analysis conducted showed no statistically signifi-
cant monotonic trend (p=0.592, >0.05) (Fig. 5). This
means that the concentration of sulphur (II) com-
pounds in the water from the B-8b Michat intake is
stable over time (Wator et al. 2019).

Due to the unique properties of sulfidic wa-
ter, it is important to assess correctly its chemi-
cal composition changes, especially concerning the

Citation: Bulletin of Geography. Physical Geography Series 2020, 18, http://dx.doi.org/10.2478/bgeo-2020-0002

components that give it its medicinal properties. As-
sessment of trends is very important in the case of
medicinal water. The presence of a downward trend
may result in the groundwater’s loss of medicinal
properties. Thus it is necessary to monitor and an-
alyse the concentration of specific components in
medicinal waters to quickly identify sources and
causes, and to propose preventive strategies when a
downward trend is detected (Rusiniak et al. 2017).
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Summary and conclusion

This article contains an analysis of the stability of
concentrations of sulphur (II) compounds in me-
dicinal waters from the B-8b Michal intake in
Busko-Zdr¢j. Gypsum and anhydrite are taken as
the main source of sulphides in the groundwater
from the Busko-Zdr¢j area. The sulphur contained
in these minerals is, in the presence of microbes
and under anoxic conditions, reduced to S (II) with
the complicity of hydrocarbons (Kulikowska 1976;
Lebkowska and Karwowska 2010; Deja-Sikora et al.
2019; Wator et al. 2020). The general characteris-
tics of the parameter examined were obtained by
statistical analysis of data. The stability assessment
conducted was based on control chart analysis. On
the basis of this analysis, it was found that most
results fall within the range set by warning limits,
which demonstrates the stability of concentrations
of sulphur (II) compounds over time. This stabili-
ty was also confirmed by the absence of a statisti-
cally significant monotonic trend in the data series
analysed.
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