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Abstract. The paper presents the results of analyzing uranium content in man-made carbonates (scale crusts) on the 

territory of Ufa based on examination of 42 samples. The median uranium content in the investigated samples stands 

at 1.44 mg/kg, which is significantly lower than the background values (scales from the Lake Baikal water, a clarke of 

sedimentary carbonate rocks) and data on other settlements of the Republic of Bashkortostan. Low values of uranium 

content are probably associated with the effects of the three leading factors, i.e. specific subsurface geology of the 

territory (gypsum, limestone); types of water supply; water treatment processes for the centralized type of water supply. 

Spatial distribution of uranium in man-made carbonates is characterized with uniformity, which is disturbed in two 

cases, i.e. a change of the water supply type (from centralized to individual); and material of the vessels used for boiling 

the water. No significant differences were detected when comparing samples of man-made carbonates associated with 

different sources of water supply (the bucket and infiltration types of water intake) and the types of household filters. 
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Introduction. Water is one of the main sources of chemical elements for the human body [1, 2]. 

Both excess and deficiency of these elements can have a negative impact on health, triggering a num-

ber of possible diseases [3-5]. 

The hazards of uranium result from a combination of three effects [6], i.e. its toxic, radioactive 

and carcinogenic action [7-9]. At the same time, it does not perform any known biological functions 

[6, 10, 11]. Also the daughter products of uranium decay, of which radon, a radioactive gas, is the 

best known [12-14], produce predominantly negative effects. Studies have shown that radon can 

cause lung cancer, leukemia and other oncological diseases [15-17]. 

When ingested with water in low concentrations, uranium does not cause any significant harm 

as a radionuclide, but it can affect the human body as a toxic chemical element [18]. A number of 

studies show that high background levels of uranium in drinking water can cause renal cell carcinoma, 

kidney failure and other diseases [6, 19, 20]. Therefore, geochemical investigations of potable water 

for excessive concentrations of chemical elements, including uranium, are an important field of geo-

ecology, medical geology, and toxicology [6, 21, 22]. Identification of such anomalies at the regional 
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and local levels can seriously contribute to the prevention of chronic diseases caused by environmen-

tal factors of both natural and man-made origin. 

Studies conducted in several regions of the Russian Federation (the Irkutsk, Tomsk and Chelya-

binsk Regions, the Altai and Buryat Republics) and Kazakhstan (the Pavlodar Region) have shown 

that one of the indirect indicators of potable water quality are man-made carbonates (scale) that are 

formed when water is boiled in households [23-26]. These studies show that, in terms of material 

composition, the scale formed in domestic water boiling consists mainly of different variations of 

calcium carbonate. X-ray powder diffractometry and scanning electron microscopy confirm this by 

indicating that the main mineral phases in the scale are calcite or aragonite [24, 25], while the content 

of other mineral phases ranges within first few percent. This is explained by the fact that mainly 

hydrocarbonate calcium and magnesium-calcium waters are used for potable water supply. 

In natural conditions the uranium geochemistry is quite versatile [27] and depends on a number 

of physical and chemical parameters, i.e. pH, Eh, presence of complexing compounds (carbonates, 

phosphates, sulphates, etc.) [28-30]. Under oxidizing conditions, uranium is most commonly found 

in its hexavalent form (U6+) as uranyl ion (UO2
2+), which forms more stable complexes and has higher 

mobility in natural waters [30]. When carbonate ions are present, uranyl ions easily associate with 

them producing (UO2)(CO3)
0, (UO2)(CO3)2

2−, UO2(CO3)3
4− compounds [31-33], and precipitates 

with basic carbonate minerals (calcite, aragonite, dolomite) [34-36]. Deposition of uranium from so-

lutions is usually associated with higher evaporation rates or local oversaturation [33, 37], which is 

observed in the case of potable water boiling (combination of the thermodynamic and evaporation 

geochemical barriers). 

At the same time, studies of parallel samples of water and man-made carbonates on the territory 

of the Tomsk and Pavlodar regions, as well as in the Baikal area show that there is a positive corre-

lation between the uranium content in water and in the man-made carbonates (the linear correlation 

indicator varies from 0.62 to 0.96). 

The purpose of this research is to analyze the content of uranium in man-made carbonates 

(potable water scales) on the territory of Ufa. This study is a logical continuation of works to assess 

the geo-ecological situation in the Republic of Bashkortostan from the standpoint of medical geo-

logy [38]. 

Geologically, Ufa is located within the eastern margin of the East European Platform (the Rus-

sian Plate) (Fig.1). Most of the territory of the city is located on a flat plateau-like elevation with steep 

slopes, bounded on the west, south and east by the valleys of the Ufa and Belaya rivers, also known 

as the Ufa Peninsula. The Archean crystalline basement is overlain by a thick (about 8 km) layer of 

sedimentary rocks in this area. Permian, Neogene and Quaternary sediments are recorded within the 

city boundaries [39]. 

The Permian System within the territory of Ufa is represented with the Kungurian and Ufimian 

Stages of the lower Series. The Kungurian Stage includes light grey gypsum and anhydrite with in-

terbeds of gypsiferous clays and dolomite, found at the base of steep riverbanks. The thickness of the 

sediments is up to 340 m. The Ufa Stage is represented with frequent interbedded limestones, clayey 

dolomites, marls, clays, siltstones and sandstones with an overall thickness ranging within 15-25 m 

and up to 60 m in some areas. 

Neogene sediments are represented with the Kinel Formation in the valleys of the Belaya and 

Ufa Rivers, as well as the poorly defined Akchagyl and Apsheron Stages in the Belo-Ufimsk inter-

fluve area. The Kinel Formation includes heavy clays, sands and gravels up to 70-100 m in total 

thickness. The Akchagyl and Apsheron Stages are composed of reddish-brown and greyish-brown 

heavy clays with interbands of sand in the lower part with a total thickness of 50 m [39]. 
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Fig.1. Subsurface geology of the survey area: a – location of the survey area; b – tectonic zoning of the Republic of Bashkortostan 

(State Geological Map, sheet N40(41), scale 1:1,000,000 (2001); c – a fragment of the geological map of the Republic  

of Bashkortostan with indication of sampling points, scale 1:500,000 (2011)  

Quaternary System. Holocene: QIV, QIII-IV – upper part of the upper regional stage; Q1
III – lower part of the upper regional stage; 

Q2
II – medium regional stage; Е2-QI – upper Eo-pleistocene – lower regional stage of Neo-Pleistocene 

Upper Holocene, Akchagyl Stage, Eo-pleistocene, Apsheron Stage 

Neogene System: N1-N2 – Upper Miocene – Lower Pliocene 

Permian System. Ufimian Stage. Upper Substage: Р2s – Sheshma Formation; Р2sl – Solikamsk Formation 

Kungurian Stage, Upper Substage 
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Quaternary sediments in the Belaya and Ufa river valleys are made up of alluvial gravels and 

sands with a thickness of 10-15 m overlain by periglacial clayey sediments (sandy loams, loams, 

clays) ranging from 1-3 to 15-20 m, while within the Belo-Ufa interfluve area the sediments are allu-

vial-deluvial (clays, loams) and their thickness varies from 0.5-2 to 10-15 m [39]. 

The city's drinking water supply is based on the waters of the Ufa River, as well as groundwater 

available both in the river valleys (Belaya, Ufa, Shugurovka) and in the interfluve area. According to 

research data, there exist noticeable differences in the groundwater composition in the southern and 

northern parts of the city. The chemical composition of groundwater in the southern (residential) part 

of the city is predominantly bicarbonate, sulphate-hydrocarbonate and hydrocarbonate-chloride 

magnesium-calcium, magnesium-calcium-sodium. The water salinity is 0.66-1.29 g/l, pH 7.2-7.62. 

The content of trace elements is below the maximum permissible concentration, and the main indi-

cator of groundwater pollution in this part of the city is nitrogen compounds, as the concentration 

of nitrate-ion in wells of private houses reaches 1100-1530 mg/dm3. Some areas are noted to have 

excessive levels of Cr, Hg, petroleum products, phenols and other chemical elements and organic 

compounds [40]. 

In the northern (industrial) part of the city, the groundwater is sulphate-hydrocarbonate, hydro-

carbonate-chloride and chloride-hydrocarbonate calcium, calcium-sodium, sodium-calcium, sodium-

magnesium-calcium, ammonium-sodium. The type of water changes from sulphate-sodium to mag-

nesium-chloride and calcium-chloride with salinity rising up to 6-11.5 g/dm3 [40]. The radiation 

safety indicators comply with the standards, i.e. the total α-radioactivity is below 0.02 Bq/L with the 

relevant standard level being 0.2 Bq/L, while the total β-radioactivity is less than 0.1 Bq/L with the 

standard of 1.0 Bq/L [41]. 

Water is supplied to households in Ufa by the Ufavodokanal State Unitary Enterprise. The terri-

tory of the city is provided with centralized water supply and sewerage systems, which comprises 

seven large-scale water intakes. i.e. an open river water intake (Northern, the bucket-type) and six 

infiltration-type water intakes with a total capacity of 613 thousand m3/day [41]. Potable water, sup-

plied to the population, meets the requirements of the state standards [42]. 

Methods. Sampling. Data on the uranium content in 42 samples of salt sediments from potable 

water were analyzed within the city territory, 36 of which were taken from households with  cen-

tralized water supply, and 6 from water wells and boreholes.  A comparative analysis was made using 

data on the uranium content in samples of man-made carbonates collected in the territory of the Ufa 

district (28 samples from 18 settlements). Data available for other settlements in the Republic of 

Bashkortostan, mainly for the cities [43, 44], were used randomly. The samples were collected in 

conformity with the available recommendations [45]. The sampling was done from various vessels, 

i.e. enameled and electric kettles, pots, samovars, which are used for boiling water from both cen-

tralized and individual (water wells, boreholes) water supply sources. The following criteria were 

also considered while sampling: the time of scale formation, i.e. when the vessels were last decalcified 

before the sampling, the depth of the water supply source and whether a filter was used. 

Studies carried out in different locations [23-25] have proved the efficiency of using the scale 

crust as an indirect indicator of the potable water quality. Correct sampling minimizes the impact of 

factors such as type of vessels and the time of scale formation. The leading factors in this case are the 

type and the source of water supply as well as the use of a filter. 

Analytical methods. The uranium content in man-made carbonates was analyzed using the  

instrumental neutron activation analysis in the nuclear geochemical laboratory of the “Uranium Geo-

logy” International Innovative Research and Education Center that uses the IRT-T nuclear research 

reactor at the Tomsk Polytechnic University (Accreditation Certificate N RA.RU.21АБ27 dated 

08.04.2015, analysts: A.F.Sudyko, L.F.Bogutskaya). 

X-ray powder diffractometry was used to analyze the material composition of the man-made 

carbonates. Seven randomly selected scale samples were analyzed using the X-ray phase analysis 
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with the Bruker D2 Phaser X-ray diffractometer. The X-ray images were obtained in the Bragg – 

Brentano geometry. The following imaging parameters were used: anode material – Cu (copper),  

X-ray tube voltage – 30 kV, current – 10 mA, imaging angles 2Ɵ – from 10 to 70, imaging step – 

0.02, exposure time – 1 s per point, rotation – 20 rpm. The obtained diffractograms were interpreted 

using the DIFFRAC.Eva and TOPAS software suites based on the PDF-2 X-ray powder diffrac-

tometry databases of International Center for Diffraction Data (ICDD, Denver, USA). 

The data were processed with the Statistica 8.0 and Microsoft Excel 2016 software packages. 

Statistical processing of the data included calculation of the following parameters: arithmetic mean, 

standard error, geometric mean, median, mode, minimum and maximum values, standard deviation, 

coefficient of variation, skewness ratio, degree of excess and their standard errors. In data processing, 

values below the detection limit (0.1 mg/kg) were replaced by half the value (0.05 mg/kg). Since the 

nature of uranium distribution in the studied selection does not match normal distribution according 

to various tests (Kolmogorov – Smirnov, Lilliefors, chi-squared tests), the mean value was taken to 

equal the median calculated without taking into account the outstanding samples, although they are 

shown in the discussion of the results obtained. Geochemical specialization of the man-made car-

bonates and the patterns of uranium accumulation in them were determined by comparing with the 

background values, i.e. a clarke of sedimentary carbonate rocks – 2.2 mg/kg [46], scale from Lake 

Baikal water obtained by the authors – 4.51 mg/kg [47]. 

Maps of spatial distribution of natural radioactive elements were built using the ArcGIS 10.3 

software in Spatial Analyst module with the Inverse Distance Weighted Interpolation method. The 

choice of interpolation method was based on a relatively small number of survey points and their 

uneven spatial distribution. The values were approximated as weighted averages within a certain dis-

tance. The nearest objects have a greater weight, while the distant ones have a relatively low influence 

on the calculations (the weights are inversely proportional to the measure of distance). 

Discussion of results. Material composition of man-made carbonates. The performed diffrac-

tometry studies of seven randomly selected scale samples show that all the samples are made up of 

various calcium carbonate modifications: the dominant mineral in four samples is calcite, i.e. its 

rhombohedral modification, and in the remaining three samples the main mineral is aragonite in  

orthorhombic modification. These data agree well with previous studies of the man-made carbonates 

in other territories (the Tomsk, Irkutsk, Pavlodar Regions and the Republic of Buryatia) [23-25]. 

Based on analyzing 42 samples of man-made carbonates collected on the territory of Ufa, the 

median content of uranium is 1.44 mg/kg ranging from 0.05 (half the detection limit by the instru-

mental neutron activation analysis) up to 28.9 mg/kg. It should be noted that the distribution of ura-

nium in the studied sample selection is relatively homogeneous, as values of the arithmetic mean 

(1.82 mg/kg), geometric mean (1.3 mg/kg) and median content are quite close. The coefficient of 

variation for this selection (N = 42) is 82 %. The median content is significantly lower than in the 

background values which are used in comparative analysis to study of the man-made carbonates, i.e. 

the scale crust from Lake Baikal water (4.51 mg/kg) [47] and sedimentary carbonate rocks 

(2.2 mg/kg) [46]. The median content of uranium in the man-made carbonates within the territory of 

Ufa is significantly lower than the average value for the Republic of Bashkortostan, i.e. 5.4 mg/kg 

[44], as well as in other studied areas: the Tomsk region (1.9 mg/kg) and the Pavlodar region 

(27.4 mg/kg), the Baikal region (21.1 mg/kg), the Altai Republic (10.7 mg/kg) [47]. 

The low content of uranium in the man-made carbonates may be due to the specific features of 

subsurface geology within the territory of the city, as most of the city is located in the areas of gypsum 

and limestone distribution. A similar trend was previously revealed on the Ufa plateau, located in the 

northern part of the Republic [43, 44]. This factor, i.e. the subsurface geology, is more evident when 

comparing the obtained results with the data on the uranium content in the man-made carbonates from 

other large settlements of the Republic of Bashkortostan, mainly from the cities (Table 1). 
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Table 1 

Uranium content in samples of man-made carbonates from various settlements 

Settlement name 
Number of 

samples 
Content, mg/kg Rocks/soils encountered on the day surface 

    

Sibay  4 6.21 D2kr2 – Karamalytash Formation. Upper Subformation. Dacites, rhyodacites, basalts and 

their lava-breccias, hyaloclastites and calc-sinters, andesite-basalts, silicate tuffites, cryo-

lites, and jaspers (over 750 m); 

D3-C1zl – Zilair Formation. Sandstones, silty sandstones, siltstones, often calcareous,  

siliceous-clayey and carbonaceous-clayey schists, rarely gravelites, silicate tuffites, lime-

stones, underlain by olistostrome layers (up to 2700 m);  

aQII – alluvial sediments. Gravels, sands, pebbles, sandy loams, loams (up to 10 m); 

aQIII – alluvial sediments. Sands, clays, siltstones, loams, pebbles (up to 12 m) 
Sterlitamak 4 6.88 N₂³ak+ap – Akchagyl and Apsheron Stages. Clays, siltstones, sands, pebbles; 

Q¹III – clays, loams, sands, pebbles; 

Q²III+QIV – Upper Quaternary, upper part and recent sediments. Topsoils, peats, loams, 

sands, pebbles 
Oktyabrsky 14 8.5 P1šš – Ufimian Stage. Sheshma Horizon. Sheshma Formation – sandstones, siltstones, pud-

ding rocks, marls, limestones, dolomites, and gypsums; 

P2kz1 – Kazan Stage. Upper Substage – clays, marls, limestones, dolomites, siltstones, 

sandstones, pudding rocks, gypsums, anhydrites; 

P2ur – Tatar Stage. Lower Substage. Urzhum Horizon. Urzhum Series – clays, limestones, 

dolomites, marls, siltstones, sandstones 
Kumertau 12 9.3 T1 – pudding rocks, sandstones with bands of clays and siltstones; 

T3sr – Surkai Formation. Clays with bands of siltstones and sandstones; 

N3
2 + Q1s – Obschesyrt Formation. Clays, loams with lenses of sands and pebbles 

Akyar 9 10.2 J1–2bm – Baymak Formation. Mica and carbonaceous clays, siltstones, clayey and mica 

sands, rare interbeds of brown coals, lenses of siderites; below this layer – sandy-gravely 

pebbles, carbonaceous clays with interbeds of coals, interbeds of brown-iron ores  

(30-270 m); 

aQH¹ – Lower Holocene. Alluvial deposits of the high floodplain. Sandy loams, loams, 

sands, gravel, pebbles (up to 24 m) 
Tuimazy 7 11.9 P1šš – Ufimian Stage. Sheshma Horizon. Sheshma Formation – sandstones, siltstones, pud-

ding rocks, marls, limestones, dolomites, and gypsums; 

P2kz1 – Kazan Stage. Lower Substage – clays, marls, limestones, dolomites, siltstones, 

sandstones, pudding rocks, gypsums, anhydrites; 

P2kz2 – Kazan Stage. Upper Substage – clays, marls, limestones, dolomites, siltstones, 

sandstones, pudding rocks, rock salt, gypsums, anhydrites 
Davlekanovo  4 17.5 P1šš¹ – Ufimian Stage. Sheshma Horizon. Lower Formation. Pudding rocks, sandstones, 

siltstones, argillites (Kamyshin layers); 

P1šš² – Ufimian Stage. Sheshma Horizon. Middle Formation. Argillites, siltstones, dolo-

mites, limestones, sandstones (Buraev layers); 

N2kn – Kinel Formation. Clays, sands and pebbles; 

N₂³ak₂ + ap – Akchagyl Middle Substage and Apsheron Stage. Clays, loams, sands,  

pebbles 
Akhunovo 2 22.7 γδPz₃ – granodiorites and plagiogranites 
Chekmagush 10 27.8 P1šš² – Ufimian Stage. Sheshma Horizon. Middle Formation. Pudding rocks, sandstones, 

siltstones, argillites, marls, limestones (Buraev layers); 

P1šš³ – Ufimian Stage. Sheshma Horizon. Upper Formation. Pudding rocks, sandstones, 

siltstones, argillites with lenses of gypsums, dolomites, limestones (Chekmagushev layers) 

 
The obtained data make it possible to conclude that the leading role in the variations of uranium 

content in the man-made carbonates is played by the specific features of subsurface geology on this 

territory. Thus, in the Davlekanovo and Chekmagush settlements the uranium concentration reached 

17.5 and 27.8 mg/kg respectively, which may be due to uranium intake from the Lower Permian 

redbed sandstones, shallow crystalline basement, as well as the occurrence of oil fields in these areas, 

which contributes to the migration of uranium together with oil from deeper layers. A higher content 

of uranium (22.7 mg/kg) in the scale was also found in samples from the Akhunovo village, located 

on the Akhunovsky granite massif [43, 44]. 

When comparing data on the uranium content in the samples from Ufa and settlements of the 

Ufa district it should be noted that the samples collected in the district are characterized with a higher 
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median content of uranium. Samples of the man-made carbonates were obtained in 18 settlements 

within the boundaries of the Ufa district. The uranium content varies from 1.2 (Mokrousovo) to 

14.5 mg/kg (Nagaevo, Nikolaevka). The median content for samples from settlements in the Ufa dis-

trict was 4.9 mg/kg, which is more than three times higher than the median concentration in samples 

from the city of Ufa.  

One of the likely factors that explains such a big difference is the type of water supply: the vast 

majority of scale samples from the city of Ufa were collected in households with centralized water 

supply, while in the settlements of the Ufa district the samples were mostly collected in households 

with individual water supply (water wells, boreholes, springs, etc.). Availability of the centralized 

water supply significantly affects the use of various water treatment systems. Thus, at the Northern 

water intake the Ufavodokanal State Unitary Enterprise uses sorption treatment of water with pow-

dered activated carbon, cyclic pressure-tank filters, high-rate filters with burnt rock as a locally pro-

duced filtering material [41]. 

The spatial distribution of uranium was assessed based on the results of defining the uranium 

content in samples collected on the territory of Ufa. Analysis of the schematic map in Fig.2 shows 

that there exists a homogeneous distribution of uranium in the man-made carbonates. Deviations were 

registered in individual points (southern part of the city, the left bank, the suburbs) where concentra-

tions reach 29 mg/kg. These deviations are probably related to the following two factors: the material 

of the vessels where the water was boiled (Fig.2, location 1); the individual type of water supply  

(a well) (Fig.2, location 2). The probable impact of the vessel material is explained by the fact that 

within the same household, in addition to this particular sample that was collected for an all-metal 

kettle, three more samples were also obtained from three other kettles with the uranium content of 

0.99; 1.25; and 1.31 mg/kg. 
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Data from 18 settlements in the suburban area of Ufa (Table 2) were taken for comparison. In-

dividual water supply sources (water wells, boreholes, springs, etc.) are mainly developed within its 

boundaries. Analysis of the spatial distribution of uranium in the man-made carbonate samples in the 

territory of the Ufa district shows its heterogeneous nature (Fig.3). Halos of high concentrations of 

this chemical element are confined to the western and southwestern parts of the district (Bulgakovo, 

Dmitrievka, Marmylevo, Nikolaevka, Taptykovo, Nagaevo, Yumatovo), where the average content 

of uranium exceeds 10 mg/kg (Table 2). 

In terms of their geological distribution within the territory of Ufa district, halos of the increased 

uranium content in the man-made carbonates are confined to the areas of loamy and clayey sediments 

(Upper Pliocene, Pleistocene, Holocene). A significant effect of the subsurface geology within this 

territory is explained by the fact that the vast majority of the man-made carbonate samples were 

obtained in households with individual water supply sources that do not typically have water treat-

ment systems other than potable water filters (such as pitcher filters). 

Effects of the water supply type (centralized/individual) and the filtering processes. Surveys con-

ducted in the Tomsk and Pavlodar regions indicate that there exist significant differences regrading 

accumulation of chemical elements in the man-made carbonates depending on the type of the water 

supply source: in the case of the centralized water supply, concentrations of most chemical elements 

are significantly lower than those in water from the individual water supply sources [23, 24]. 
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Table 2 

Uranium content in man-made carbonates from various settlements in the Ufa district 

Settlement name 
Number  

of samples 

Content, 

mg/kg 
Rocks/soils encountered on the day surface 

    

Maksimovka 1 0.87 Q1
III – Upper Quaternary, lower part. Loams, sandy loams, sands, pebbles 

Mokrousovo 1 1.2 N2kn – Kinel Formation. Clays, sands, pebbles 

Chesnokovka 1 2.2 P1ir – Kungurian Stage. Irensky Horizon. Anhydrites, gypsums, dolomites; 

P1sk – Ufimian Stage. Solikamsk Horizon. Argillites, siltstones gypsified, limestones,  

dolomites; 

P1šš¹ – Ufimian Stage. Sheshma Horizon.  Lower Formation. Pudding rocks, sandstones, 

siltstones, argillites (Kamyshin layers); 

N2kn – Kinel Formation. Clays, sands, pebbles 

Berezovka 1 2.3 N2kn – Kinel Formation. Clays, sands, pebbles 

Mikhailovka 2 2.9 P1u – Ufimian Stage. Limestones, marls, clays, siltstones, sandstones; 

N2
3ak – Akchagyl Stage. Clays, siltstones, sands, pebbles; 

Q1
III – Upper Quaternary, lower part. Loams, sands, pebbles; 

Q2
II – Middle Quaternary sediments, upprt part. Clays, loams, sands, pebbles 

Samokh-

valovka 

1 3.4 Q¹III – Upper Quaternary, lower part. Loams, sandy loams, sands, pebbles; 

Q2
III + QIV – Upper Quaternary, upper part and recent sediments combined. Loams, sands, 

muds, peats, pebbles 

Schmidtovo 2 3.97 P1kg – Kungurian Stage. Poorly defined sediments. Gypsums, anhydrites, salts,  

limestones 

Vavilovo 1 5.2 N2
3-Q1 – Upper Pliocene – Lower Quaternary sediments. Sandy clays and loams with 

marl nodules, in some places with pebbles at the base 

Osorgino 1 6.8 N₂³akk – Akchagyl Stage. Middle Substage. Akkulayevsky Horizon. Sands, siltstones, 

clays, pebbles 

8th of March 4 8.1 Q¹III – Upper Quaternary, lower part. Loams, sands, pebbles; 

Q²III+QIV – Upper Quaternary, upper part and recent sediments. Topsoils, peats, loams, 

sands, pebbles 

Zhukovo 4 8.5 P1šš¹ – Ufimian Stage. Sheshma Horizon. Lower Formation. Pudding rocks, sandstones, 

siltstones, argillites (Kamyshin layers); 

P1sk – Ufimian Stage. Solikamsk Horizon. Argillites, siltstones gypsified, limestones, do-

lomites; 

N₂kn – Kinel Formation. Clays, sands, pebbles 

Yumatovo 1 10.4 P1šš¹ – Ufimian Stage. Sheshma Horizon. Lower Formation. Pudding rocks, sandstones, 

siltstones, argillites (Kamyshin layers); 

P1šš² – Ufimian Stage. Sheshma Horizon. Middle Formation. Argillites, siltstones, dolo-

mites, limestones, sandstones (Buraev layers) 

Taptykovo 1 13.4 P1sk – Ufimian Stage. Solikamsk Horizon. Argillites, siltstones gypsified, limestones,  

dolomites; 

P1šš¹ – Ufimian Stage. Sheshma Horizon. Lower Formation. Pudding rocks, sandstones, 

siltstones, argillites (Kamyshin layers); 

P1šš² – Ufimian Stage. Sheshma Horizon. Middle Formation. Argillites, siltstones,  

dolomites, limestones, sandstones (Buraev layers); 

N₂kn – Kinel Formation. Clays, sands, pebbles 

Dmitrievka 1 13.6 N2
3-Q1 – Upper Pliocene – Lower Quaternary sediments. Sandy clays and loams with 

marl nodules, in some places with pebbles at the base; 

N2
3ak – Akchagyl Stage. Clays, siltstones, sands, pebbles 

Bulgakovo 1 14.0 N2kn – Kinel Formation. Clays, sands, pebbles 

Marmylevo 1 14.1 P1u – Ufimian Stage. Limestones, marls, clays, siltstones, sandstones; 

N2
3ak – Akchagyl Stage. Clays, siltstones, sands, pebbles 

Nagaevo 3 14.5 N2
2+3 – Middle and Lower Pliocene combined. Pebbles, sands, clays, ferruginous pudding 

rocks 

Nikolaevka 1 14.5 P1u – Ufimian Stage. Limestones, marls, clays, siltstones, sandstones 
 

 
For this study, the selected man-made carbonate samples from Ufa were divided into two groups 

depending on the type of water supply. The results obtained make it possible to claim that the cen-

tralized water supply systems significantly reduce the uranium content in the man-made carbonates 

(4.0 mg/kg with the individual water supply, and 1.4 mg/kg with the centralized water supply)  

(Table 3). Decrease of uranium concentration is related to the water treatment processes used by water 

services company including the Ufavodokanal State Unitary Enterprise (sorption treatment of water 
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with powdered activated carbon, cyclic pressure-tank filters, high-rate filters with burnt rock as  

a locally produced filtering material). 
 

Table 3 

Uranium content in man-made carbonates on the territory of Ufa depending  

on the type of water supply and filtering processes 

Type of water supply Number of samples Median content of uranium, mg/kg 

Centralized water supply: 35 1.4 

with a filter 15 1.34 

without a filter 19 1.43 

Individual water supply 5  4.0 

 

A wider introduction and development of the centralized type of water supply and, accordingly, 

methods of water pre-treatment (physical, chemical, physicochemical) can reduce not only the con-

tent of uranium, but also that of other chemical elements. It is especially important for rapidly 

developing urbanized areas, which include the territory of Ufa. This issue acquires a special signifi-

cance in case the water supply source is confined to groundwater in quaternary sediments, as they are 

more vulnerable to man-made impact, including chemical, physical and biological contamination. 

This poses a serious threat to the health of the local population. 

A possible impact of the original water source has been assessed. It is known that the water 

supply system of Ufa is based on the operation of eight water intakes (groundwater and river-type). 

The largest of them are the Southern water intake, with the maximum capacity of 240 thou-

sand m3/day, and the Northern the bucket-type with 200 thousand m3/day. A total of 10 samples were 

collected to assess the possible impact of the original source of water supply: 5 in the northern part 

of the city and 5 in the southern part. The results turned out to be close in their values, i.e. 1.3 mg/kg 

in the north and 1.1 mg/kg in the south. 

The study considers a possible influence of the household filtration process on the uranium con-

tent in the man-made carbonates: during the sampling the household owners were asked to provide 

information on the use of filters. A sufficient size is available only for samples collected from the 

centralized water supply: 15 samples with prefiltering prior to boiling (the Aquaphor, Barrier, and 

Geyser filter brands); 19 samples without prefiltering. The differences were minimal: 1.34 mg/kg for 

the samples where prefiltering was performed; 1.43 mg/kg for the samples without prefiltering. The 

study did not address the effect of the internal filtering material, as in each particular case the filter 

can be designed to entrap different substances. 

Conclusion. The following conclusions were made based on the survey results: 

• the average content of uranium in the man-made carbonates on the territory of Ufa is 1.44 mg/kg, 

which is three times lower than in the scale from the water of Lake Baikal, i.e. 4.51 mg/kg; 

• the low values of uranium content in the scale are associated with the specific features of sub-

surface geology in the area, as most of the city is located within a distribution zone of gypsums and 

limestones; 

• spatial distribution of uranium is described as homogeneous; 

• significant differences were found between the uranium content in scale samples from the cen-

tralized (1.4 mg/kg) and the individual (4.0 mg/kg) types of water supply; 

• no significant differences were revealed between the uranium content in the scale when com-

paring different sources of centralized water supply (the Northern bucket-type and the Southern  

infiltration water intakes) and the use of home filters. 

The detected level of uranium content in the man-made carbonates on the territory of Ufa can be 

characterized as non-hazardous, since other investigations on the territory of the Pavlodar Region 

have shown that the maximum permissible concentration of uranium in water (0.015 mg/l according 

to SanPiN 1.2.3685-21) correlates with its content in the man-made carbonates (about 30 mg/kg) [24]. 
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