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Abstract: Presented research concerned on the quality of drinking water from private-supply wells in selected
locality in a households in the close vicinity to copper ore tailings facility. Groundwater quality and its
suitability for drinking purpose were examined by various physico-chemical parameters such as: pH, electrical
conductivity, total hardness, calcium, magnesium, sodium, potassium, sulfate, chloride and total dissolved
substances. These parameters were used to assess the suitability of groundwater for domestic purpose. In
some of the collected samples, the concentrations of these parameters exceed the permissible limits, but
overall concentrations of major ions (calcium, magnesium, sodium, potassium) as well as the values of the
parameters: pH, temperature, hardness do not exceed the values recommended by Polish standard relating to
drinking water. At the same time evaluated water characterized by the low mineralization therefore it can not
be recommended for drinking purpose.

Keywords: macroelements, drinking water, well water, water quality, major constituents of water

Introduction

Drinking water from various water intakes contains many minerals, among which
macroelements are of great importance. The human body, in order to function correctly,
needs not just water but also substances dissolved in it. Mineral substances dissolved in
water can be divided into two major categories: main components (macronutrients —
macroelements), secondary components and microelements (microcomponents). Macro-
nutrients such as sodium (Na"), potassium (K"), calcium (Ca2+) and magnesium (Mg2+)
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as well as anions e.g. (C1") and (SO42_) are essential to human life. Sodium, calcium and
magnesium deficiencies can be supplemented by drinking water, but potassium is
seldom find in natural water [1-3]. In case of magnesium (Mg”") and calcium (Ca®"),
they occur naturally in water since they are quite common alkaline-earth metals. Their
concentration can be correlated with the type of land use in the catchment areas [1,
4, 5]. Calcium and manganese can be present in the environment in exceeded
concentration as an effect of anthropogenic impact, e.g. they can originated from mines
[6]. The magnesium compounds are usually predominant in natural waters and the
recommended magnesium concentration in drinking water is between 30 and
125 mg - dm™. At the same time, calcium concentration is not standardized [5]. Both
metals in water determines its hardness. In Poland in accordance with applicable law,
the hardness of water intended for human consumption must be within 60 and
500 mgCaCO; - dm™ [2, 7]. Calcium and magnesium salts enter the water as a result of
carbon dioxide contained in the water contact with soil and rocks containing limestone
and magnesite. Then limestone and magnesite, which are hardly soluble in water, turn
into water-soluble bicarbonates of calcium and magnesium [2]. The hardness can be
divided into two main categories: carbonate hardness (transient, perishable) — which is
generated by bicarbonates and non-carbonate hardness (persistent) that is generated by
the salts of other acids, mainly chlorides, but also sulphates, nitrates and others [8].

Chlorine and sulfate ions are commonly found in natural water as well. Their
concentration vary depending on the catchment areas. And their presence especially
chlorine in surface waters may results as an uncontrolled discharges from mines [9].
The EPA Secondary Drinking Water Regulations recommend the maximum con-
centration of 250 mg - dm™ for chloride ions and 250 mg - dm for sulfate ions
(expressed as CI” and SO,*", not as CaCOs) [10]. Polish standards with respect to limit
ranges for chloride and sulfate ions values are the same [7].

The transformation of groundwater chemical composition is impacted by the pH and
the redox potential. The pH value, water hardness and other elements have a direct
impact on maintaining the ecological balance in water. Polish regulations for per-
missible ranges of pH values specify the value of 6.5-9.5 [7]. And this parameter should
be taken into account when assessing the aggressive corrosive properties of water.

Total dissolved substances (TDS) usually describes the presence of salt from sulfate
sodium potassium magnesium and other cations. This parameter allows to assess the
overall salinity of water. The dissolved substances in inland waterways should not
exceed 1200 mg - dm>. The permitted concentration of dissolved substances in drinking
water and commercial water is 800 mg - dm™ [11].

The water provided by the waterworks is under permanent control. However its
quality my by affected by many factors, for example raw water (soil, basin), water
treatment techniques (sedimentation, filtration, disinfection), network (materials, bio-
film), and use (flow) [1]. In the face of diminishing drinkable water resources and
increasing demand for it, research on its quality and efficient way of treatment is being
carried out. The natural environment’s resources, including private-supply well should
be also taken into account. Increasing the charges for water use may inadvertently
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incentivize the consumers to reuse the wells that are no longer in use. And since such
water is not subject to continuous monitoring it may pose a significant risk to users.

The main objective of this paper is the description of changes in chemical
composition of the Quaternary aquifer in private-supply well located in close vicinity of
the cooper tailings ponds.

Study area

The study presents the results of investigation carried out between 1999 and 2015
(with the frequency of two years) in region of the LGOM area (Lubin, Polkowice, and
Glogow
districts) in Lower Silesia, Poland. This is an area where the tailing pond Zelazny Most
and its wastes from copper ore mines is located, that covers an area of about 1,400 ha,
and the volume of waste stored in it is ca. 500 mln m® [12]. Samples were randomly
collected from 11 location (Bytkow, Dabrowa, Grodowiec, Grodziszcze, Juszowice,
Komorniki, Krzydlowice, Rudna, Rynarcice, Tarnowek and Zelazny Most) and analyzed
in accordance with the analytical reference method and under the regulation of the
Polish Minister of Health (13.11.2015) on the quality of water intended for human
consumption (Dz.U. 2015 poz. 1989).

Sampling points have been selected to include the whole area analyzed (Fig. 1). The
drinking water is fed by the waterworks into the distribution network in this area. But
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Fig. 1. Location of sampling sites in the study area
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despite the development of water supply infrastructure in rural areas, households
continue to use an additional water sources such as shallow wells.

The results were statistically evaluated in the Statistica 12.5. The median and range
of variability of the tested parameters were determined. The measurements of the
central trend (median, average) and variability (e.g. quartiles, standard error or standard
deviation) are calculated for each observation group and their values are visualized in
box-and-whisker graphs (Fig. 2). In order to confirm which factor determines the
dynamics of evaluated quality parameters, the regression analysis was also performed.

Results and discussion

The behavior of major ions (Ca?*, Mg®’, Na", K*, HCOs, SO,*, CI") and other
organoleptic and physico-chemical parameters such as pH, electrical conductivity (EC),
total dissolved solids (TDS), and total hardness (TH) in the study area are discussed
below. The visualization of data is presented on a box-and-whisker graphs (Fig. 2),
where the median (middle quartile) marks the mid-point of the data and is shown by the
square, and the upper and lower whiskers represent minimal and maximal value of the
data

Figure 2 presents distribution of ions where standard error bars is a line through a
point on a graph, parallel to one of the axes, which represents the uncertainty or
variation of the corresponding coordinate of the point. The range and standard deviation
(SD) are used for descriptive error bars the data are spread.

Analyses of water samples carried out for private-supply wells showed that, there is a
significant discrepancy in the data. An increased amount of chlorine ions has been
reported. The median concentrations of chloride, evaluated in this study ranged from
2.70 and 376.0 mg - dm>. The maximum concentration of the chlorine ion was recorded
in well S11 and it was 376.0 mg - dm >, and the lowest value was observed for S4 well
and it was 2.70 mg - dm. The average values of the chlorine ions was 38.84 mg - dm™.
Sapek et al. [13] reported that the most common source of chlorides were natural
fertilizers stored in farms. However, only the organoleptic and physicochemical
parameters have been taken into account in this study and therefore this observation
cannot be verified.

The average pH values of groundwater range from 5.82 to 9.78 with the annual
average value of 7.48. This shows that the groundwater of the study area is neutral in
nature on average. But the values of pH were found to be significantly scattered. The
lowest value of the pH has been recorded for S7 well and the higher one for the S11
well.

Significant differences in conductivity values were also observed in the analyzed
private-supply wells water. Values recorded during the surveys for conductivity were
from 0.027 to 73.3 with an average of 0.84 and are below the range foreseen for the
natural waters (100 — 1000 puS - cm ') as well as for drinking water (2500 uS - cm ).

The concentrations of calcium was found to be between 2.48 (for the S7 well) and
1948 mg - dm? (for S6 well) with an average of 87.30 mg - dm>, as for the magnesium
concentration, the maximum concentration of the Mngr ion was recorded in well S12
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and it was 103 mg - dm, and the lowest value was observed for S8 well and it was 0.9
mg - dm. The average values of the Mg2+ in analyzed wells was 15.39 mg - dm™.
Compared to the applicable standard (30-125 mg - dm>), the analyzed water can be
described as magnesium-poor. Although most of the samples had concentrations below
limits, but their concentration is significantly spread out from the mean value for each
tested well. Neither WHO nor Polish guidelines did not specify a permissible limit for
calcium in drinking water.

Sodium concentration in groundwater samples ranges from 0.70 to 434.0 mg - dm™
with an average of 27.79 mg - dm . According to WHO (2011) guidelines, the
maximum admissible limit is 200 mg - dm™ [1]. Groundwater samples of all samples
show concentration of Na' lower than the permissible limit. Sodium concentration in
the analyzed samples was also low (in relation to values standard 200 mg - dm™) and
ranged from 6.60 to 434 mg - dm™.

Potassium concentrations are relatively low with values varying between 1.0 and
560.0 mg - dm. The annual average concentration of potassium ions exceeds 37.65
mg - dm . Potassium ions content in groundwater samples are lower than recommended
values [14].

There were significant variations (p < 0.05) in total hardness of all water sources
with concentration in shallow ground waters ranged from 107.2 to 682.3 mg - m™ (the
weighted mean of 15.18 mg - m™).

Average sulfate concentrations in analyzed water samples were in the following
range: between 10.0 and 526.0 mg - dm . There was a significant variations in
minimum values, which ranged from 10.0 to 122 mg - dm™. Highest concentration
values of sulphates varied between 82.3 and 526.0 mg - dm .

On average the ion concentration was within the legally determined standard, but in
an individual cases it has been exceeded. At the same time, the analyzed ion
concentration were characterized by a large variation of concentrations.

Additionally, the Principal component analysis (PCA) so called multivariate sta-
tistical analysis was implemented in order to obtain the graphical representation of
high-dimensional data sets.

Some studies have proven that multivariate analysis help to identify the factors
contributing to the environmental pollution [15]. Figure 3 shows plot of variables and
distribution of components in analyzed water samples. Each of the variables is
represented in Fig. 3 as a vector. The direction and length of the vector determines the
extent to which each variable influences the individual main components. Such vectors
are called loadings. When two of variables are located close to each other on the graph,
it means that they are strongly positively correlated with each other (e.g. variables Na
and Cl). When variables are orthogonal to each other, this means that there is no
correlation (e.g. pH and Ca). There are not strongly negatively correlated variables since
they are not located on the opposite side.

The piper diagram is a visualization of the chemistry of water sample. According to
Przybysz [13] 67 % of Poland’s territory is medium-hard water, 25 % soft water and
hard water about 8 %.
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Fig. 3. Plot of variables. Location of load vectors towards two principal components

All samples from this study are relatively high in sulfate, as indicated by their
locations on a Piper diagram (Fig. 4). Due to concentration of cations and anions the
evaluated sample of water might be classified as Sulphate type. At the same time,
Krasny and Sharp [17] reported that the dominant ions in groundwater are bicarbonate

Fig. 4. Piper diagram of the ionic composition of studied samples
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and calcium and that the decrease in dissolved solids concentration and pH might be the
result of rain contamination.

Comparisons with standards for drinking water, indicate that the private-supply wells
water in the studied area are not suitable for drinking purposes. However, further studies
should be conducted, as the demands on the quality of water intended for human
consumption is determined not only by the allowable amount of macronutrients in
water, but also the presence of microorganisms and parasites and chemical substances in
quantities that threaten the humans health.

Conclusions

Assessing the content of selected parameters suggests that the evaluated water is not
suitable for drinking purpose. There are cases where the limit value is exceeded and
where ions concentration is below limits. The chemical composition of groundwater is
changing in every sampling year. This indicate the needs to monitor the water for future
chemical status change.

The conducted statistical analysis does not allow to classify the tested water as
drinkable. It is proposed that additional tests should be carried out at increased
frequency. In addition, it is recommended to extend the study to other parameters that
determine the chemical and microbiological requirements applicable to water intended
for human consumption.
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ZMIANY WELASCIWOSCI FIZYKOCHEMICZNYCH WODY
ZE STUDNI W WYBRANYCH WIEJSKICH GOSPODARSTWACH DOMOWYCH

Instytut Inzynierii Srodowiska,
Uniwersytet Przyrodniczy we Wroctawiu, Wroctaw, Polska

Abstract: Artykul przedstawia wyniki badan dotyczacych jakosci wody pitnej ze studni zaopatrujacych wy-
brane gospodarstwa domowe znajdujace si¢ w bliskim sasiedztwie sktadowiska rud miedzi. Jako$¢ wod grun-
towych i ich przydatno$¢ do picia badano przy uzyciu réznych parametrow fizykochemicznych, takich jak:
pH, przewodno$¢ elektryczna, twardos¢ catkowita, wapn, magnez, sod, potas, siarczany, chlorki i substancje
rozpuszczone ogotem. Parametry te wykorzystano do oceny przydatnosci wod podziemnych do picia. W nie-
ktorych analizowanych probach stgzenie omawianych parametrow przekraczata dopuszczalne normy, general-
nie jednak stezenie gtdéwnych jonéw (wapnia, magnezu, sodu, potasu) oraz wartosci parametréw: pH, tempe-
ratury, twardosci nie przekraczaty wartosci zalecanych przez polskie regulacje prawne w odniesieniu do wody
pitnej. Jednoczesnie analizowana wode charakteryzowata si¢ niska mineralizacja, stad tez nie mozna jej pole-
ci¢ jako wody nadajacej si¢ do spozycia przez ludzi.

Stowa kluczowe: makroelementy, woda pitna, woda studzienna, jakos¢ wody, gtdéwne sktadniki wody
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