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Abstract. The article presents the research results on the features of element and mineral
composition of salt deposits (limescale) formed in household conditions in heat exchanging
equipment. The major part of limescale is represented by two species of calcium carbonate -
calcite and aragonite. We have shown that high concentrations of chemical elements in the
limescale promote the formation of their own mineral forms (sulphates, silicates, native forms)
in salt deposits. Detecting such mineral formations suggests the salt deposits of drinking water
to be a long-term storage media which can be used in the course of eco-geochemical and
metallogenic studies.

1. Introduction

According to several encyclopedias and reference books, salt deposits, or limescale, are "... solid
deposits that form on the inner walls of steam boilers, water economizers, super-heaters, evaporators
and other heat exchangers in which the evaporation or heat of water containing certain salts takes
place" [1]. The study of the salt deposits formed in drinking water systems at various stages of water
treatment and transportation is the relevant issue all over the world. Usually most of the studies deal
with methods of treatment and removal of salt deposits. The issues discussed there are:
1) development and influence of various factors on these processes [2-4]; 2) their mineral composition
[5-9]; 3) disposal processes and methods. However, all these studies characterize the processes taking
place in industrial production systems: water treatment, water heating in boilers of thermal power
plants, etc.

Our research is based on the data of the studies of drinking water salt deposits which are formed
directly in household conditions (enamelled and electric kettles, pots, pans) in the process of multiple
boiling and cooling of water. In our opinion, such data could be a source of information on chronic,
"long-term" input of chemical elements in a human body. Investigations of the Department of
Geoecology and Geochemistry (GEGC) (Tomsk Polytechnic University (TPU)) carried out for over 20
years have shown that the study of limescale element composition is an informative way to assess the
quality of drinking water as well as environmental and geochemical conditions of the sites.
Furthermore, element composition of these formations can be used in metallogenic forecasting
[10-16].
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According to our data, the information on the mineral composition of limescale formed directly in
the household conditions appears to be absent. Therefore, the aim of this work is to study the
characteristics of the mineral composition of drinking water salts.

2. Materials and methods

So far, the research covers the territory of southern part of Urals and Siberia: Irkutsk, Tomsk,
Chelyabinsk Oblasts, the Republic of Altai and Buryatia (Russia), as well as Pavlodar Oblast
(Kazakhstan).

We collected samples of limescale from different utensils, which were repeatedly used to boil
drinking water (enamelled and electric kettles, pans, pots, samovars). In most cases, the selected
materials presented powdered mass or separate plate aggregates on the walls of utensils. If limescale
was firmly fixed on the walls, the samples were taken with a knife made of stainless steel: salt deposits
were carefully removed from the walls of the heat exchanging household utensils. Selected samples
were packed in plastic bags. Each sample was labeled with the following information: kind of vessel
where water was boiled and the depth of the aquifer. If we had the opportunity to take samples from
different type of dishes (plastic pots, metal teapots and samovars) in the same yard, we necessarily did
it. In the laboratory, samples were dried at room temperature and prepared for analyzes according to
the relevant standards.

At the first stage, all samples were sent to an instrumental neutron activation analysis (INAA) to
determine the concentrations of 28 chemical elements (Na, Ca, Sc, Cr, Fe, Co, Zn, As, Br, Rb, Sr, Ag,
Sb, Cs, Ba, La, Ce, Sm, Eu, Tb, Yb, Lu, Hf, Ta, Au, Th, U). The analysis was performed in the nuclear
geochemical laboratory of the International Innovation Research and Educational Center (IIREC)
"Uranium Geology" (TPU) (accreditation number ROSS RU.0001.518623, October 10, 2011, analysts
are senior researcher A.F. Sudyko, and L.V. Bogutskaya).

The samples with elevated concentrations of chemical elements were studied in detail by other
methods for the mineral composition analysis: 1) X-ray diffraction (DRON-3M, GEGC, TPU, head of
the laboratory is GA. Babchenko; D2 Phaser, Bruker AXS GmbH, Moscow, analyst is
Dr. S.N. Putilin); 2) scanning electron microscopy (Hitachi S-3400N, IIREC "Uranium Geology",
analyst is S.S. II’enok). U occurrence modes were determined using the method of fission radiography
(f-radiography).

3. Results and discussion

Analysis of more than 600 samples showed that the element composition of limescale is changed
within the wide ranges. The leading group includes such elements as Ca, Na, Fe, contents of which in
all samples exceed n*100 ppm. In our opinion, these elements are structure-forming for the minerals of
drinking water salts. This is also reflected in the composition of the limescale matrix. Our studies
show that most of them have a composition identical to travertine — natural carbonate rocks formed by
the deposition of Ca, Mg, Fe, Na carbonates out of carbonated springs water [17]. Both travertine and
limescale consist of two modifications of calcium carbonate (90-95 %) — calcite and aragonite — with
impurities of magnesium and iron species (figure 1). It should be noted that whereas calcium
carbonate in travertines is almost always crystallized in the form of calcite, this trend is not observed
in limescale. For instance, in some cases it crystallizes in the form of pure calcite, sometimes aragonite
and calcite are formed together in various proportions.
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Figure 1. Comparison of mineral composition of Pamukkale travertine and drinking water salt

deposits.
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Figure 2. Diffractogram of drinking water salt deposits sample (content of Zn — 3%, Ba — 0.8%)).
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Issues of formatting aragonite and calcite in travertines are widely discussed in literature.
According to various researchers, among the possible factors influencing the formation of aragonite in
travertine, there are water temperature [18, 19], the ratio Mg/Ca [18, 20], saturation coefficient [21],
Sr** and SO4* [22], pCO, and CO; rate [23], Fe**, Ba [21]. On drinking water limescale we found only
one research [6], where the high content of Fe ions in water is stated as the factor preventing formation
of aragonite.

The elements with high concentrations (> ne10 ppm) in salt deposits are also Zn, Sr, Ba. They seem
to isomorphically substitute Na, Ca, Fe ions in the structure of aragonite-calcite, and form their native
mineral phases due to their similar geochemical properties. We observed mineral native forms of Zn
(hemimorphite) (figure 2), Ba (barite), etc.

Elevated concentrations of some trace elements are also reflected in the mineral composition of
limescale. For instance, native minerals of Ag, Au, Ba, Co, Cu, Ni, Ta, Th, Ti, REE (particle sizes
range from n*10 to n*100 um) (figure 3) were revealed by scanning electron microscopy (SEM).
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Figure 4. Uranium modes of occurrence in drinking water salt
sediments according to fission radiography.
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The study in U modes of occurence in limescale performed by the f-radiography indicates that even
at the U concentrations of 1.8 ppm it can be found both in the form of native uranium microminerals
(observed as "stars") and molecular form of nonstructural scattering, uniformly distributed in the
matrix of salt deposits (Fig. 4).

4. Conclusion

The study in mineral composition of the drinking water salts shows that main matrix minerals are
calcite and aragonite in various ratios. Elevated concentrations of several chemical elements allow
revealing their own mineral forms using methods of X-ray diffraction and scanning electron
microscopy. It is also of importance that the elevated contents of elements and minerals in limescale
are not always confirmed by the analysis of water chemical composition. This suggests that the
drinking water salt formations are depositing media that can provide information on the long-term
accumulation of chemical elements.
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