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Abstract: The chemical composition of surface and ground waters of the village Krasnoshchelye (Murmansk 

region, the Kola Peninsula) have been studied in this work. The quality of surface and ground waters of the 

village Krasnoshchelye is characterized taking into account the MPC and biologically significant concentration, 

the forms of migration of elements in the system "solution - crystalline substance" in natural waters and the 

human body (using the stomach as an example) have been considered. The results of the studies of drinking 

water in the village Krasnoshchelye indicate that the macro- (Ca, Mg, Na, K) and microelement (Co, Cu, Mn, 

Ni, V, Zn, Cr) composition have lower concentrations from the standpoint of biological significance for the 

elemental balance of a person than the recommended level of the lower limit of the BSC, except for the elements 

U, Th, Y. Their concentration is several times higher than their LLBSC. The forms of migration of elements and 

newly formed phases depend on both the acidity of the stomach and the amount of gastric juice in the human 

body, in the "water - gastric juice" system. These are individual characteristics of a person and his age. Well 

waters can contain up to 50 μg/l of REE, and changes in their migration patterns can lead to accumulation in 

the human body and cause diseases of the nervous system and other organs. 

Keywords: natural waters; thermodynamic modeling; forms of migration of REE; ICP-MS; MPC; 

BSC; Human health risk assessment; the village Krasnoshchelye; Lovozero district 

 

1. Introduction 

The problem of changing the chemical composition of fresh water and the search for methods to 

evaluate water quality remains relevant [1–3]. Existing methods for evaluating the level of pollution 

of water bodies with metals and metalloids are divided into three groups: 1) geochemical assessment 

methods based on the use of comparison of data with average values of their contents in the upper 

continental crust and regional background concentrations; 2) methods based on the use of standards 

for content, maximum permissible concentration (MPC). In this case, to evaluate the quality of water, 

SanPiN 1.2.3685-21 [4] or quality standards for water bodies for fishery purposes are used; 3) methods 

related to complex pollution indices. The methods help to establish the pollution level based on the 

classification of a particular index [2]. The idea of the outstanding Russian biochemist N.K. Koltsov 

about the completeness of drinking water (1912) [5] was reflected in the regulatory documents of 
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Russia in the Sanitary and Epidemiological Rules and Standards [6]. Similar sanitary rules and 

regulations for bottled water were appeared in the Republic of Belarus and Ukraine [7,8].  

The chemical composition of underground and surface waters, sources of drinking water supply 

is the most important geoecological factor since the chemical properties of water have a direct 

biochemical effect on the human body and its physiological functions. The waters contain a very large 

number of elements which, at high concentrations, can have a toxic effect on the human body. It is 

important to know that both an excess of any element and its deficiency have biochemical significance 

[9]. The works of V.V. Kovalsky are devoted to the justification of such optimal concentrations for 

various chemical elements in the geochemical environment. He laid the foundations of geochemical 

ecology [10]. The work [11] indicates that due to the presence of microelements, drinking water can 

be both suitable for drinking and useful at the same time. It is proposed to introduce the term 

"biologically significant concentration" (BSC). This is a concentration at which the intake of an 

element into the human body with water can affect its overall microelement balance. The lower limit 

of the BSC (LLBSC) is taken to be the value at which the intake of an element into the body with 

drinking water is 5% of the total average intake, and the daily consumption of drinking water is taken 

to be equal to 2 liters for an adult. This paper presents a table of average daily human consumption 

of elements and lower limits of BSC (LLBSC) [11].  

Of great importance in the study of the chemical composition and quality evaluation of drinking 

water is the study of migration forms of chemical elements since different forms of migration of the 

same element can have different effects on the human body due to their different toxicity [3,9,12,13].  

Previously, the authors of the proposed work have investigated the influence of the chemical 

composition of the rocks of the Lovozero Massif on the change in the chemical composition of natural 

waters that are formed within this massif and its immediate northern border, depending on the 

composition of the rocks, the catchment area and anthropogenic influence. These objects were studied 

using modern precision methods of analysis (ICP-MS, etc.). Physicochemical modeling was also used, 

namely the software package (SP) “Selektor” [14]. The results of the studies of drinking waters of the 

village of Lovozero have showed that these waters do not have a balanced, complete composition. 

This water cannot be considered physiologically complete in terms of the content of the main macro- 

and microelements and the amount of total mineralization, both in its original natural state and at 

the time of delivery to the consumer. As a result of water treatment, the chemical composition of the 

water changes depending on the reagents used, but this does not bring the chemical composition of 

the water closer to the standards for bottled water [16,17].  

The issue of the need to revise the MAC for some elements, Sr, Na and anions HCO3-, Cl-, SO42-, 

NO3- for full value and bottled waters and the introduction of regional standards for the study area 

was also raised there.  

The Lovozero district, where the indigenous population lives, is a risk area in terms of cities and 

districts of the region. There is a significant excess of the average Russian indicators of urolithiasis, 

circulatory system diseases, malignant neoplasms and gastrointestinal tract diseases (stomach ulcer 

and duodenal ulcer, gastritis, duodenitis) [18,19]. Maintaining the health of the small indigenous 

population is a very important task. The purpose of the work is to evaluate the quality of surface and 

groundwater in the village Krasnoshchelye taking into account the MAC and LLBSC and the form of 

migration of elements in the system "solution - crystalline substance" in natural waters and the human 

body (using the stomach as an example), and compare with the composition of other waters in the 

Murmansk Region.  

The village Krasnoshchelye is located in the Lovozero district of the Murmansk region. It is the 

third largest settlement in the district with a small population (a little over 400 people). The distance 

from the district center is 140 km. The village Krasnoshchelye is located on the left bank of the River 

Ponoy, 157 m above sea level. The main enterprise is the agricultural reindeer herding cooperative 

"Olenevod". Fishing, hunting, and picking mushrooms and berries are of great importance to the 

villagers. The village Krasnoshchelye is home to the indigenous population of the Kola North, the 

Izhma Komi and the Sami. People use water from non-centralized water supply systems, i.e. wells 

(Figure 1). 
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Figure 1. Wells in the village Krasnoshchelye. 

2. Materials and Methods 

2.1. Research Objects 

The objects of the study were surface water (the River Ponoy and the Shumesozero) and 

underground water from wells in the village Krasnoshchelye. The Ponoy River is the largest river on 

the Kola Peninsula. The river originates in the center of the Kola Peninsula, flows eastward and flows 

into the White Sea. The length of the main channel is 426 km, the drop in level from the source to the 

mouth is 292 m. Three characteristic sections are distinguished near the River Ponoy: the upper 

section is a swampy plain from the upper reaches of the River Ponoy to the confluence of the River 

Losinga (211 km from the mouth); the middle section is the section to the confluence of the River 

Kolmak (211-100 km from the mouth), where the River Ponoy enters the boundaries of the crystalline 

plateau and gradually forms its valley; a gorge forms in the lower section from the Kolmak to the 

mouth of the River the Ponoy. The upper section is the longest (214 km). The source of the River 

Ponoy lies on the western spurs of the Upland Keivy, at an altitude of 292 meters above sea level. The 

river bed is characterized by strong sinuosity, divided into branches and channels. The river valley 

is conditional, and The River Ponoy spills over the swamps during a flood. When the River 

Sakharnaya flows into the River Ponoy, the River Ponoy widens to 50 meters. Alluvium brought from 

Keivy accumulates along the banks. Alluvium frames the Ponoy River with a kind of dam, on which 

trees grow.  

. 

Figure 1. The River Ponoy near the village Krasnoshchelye (https://wikimedia.org). 
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When the tributaries Tichka, Kuksha and Eljoka flow into the River Ponoy, the river reaches 100 

meters in width and 3 meters in depth and approaches the first settlement, Krasnoshchelye (288 km 

from the mouth). The Shumesozero is located in the north of the village Krasnoshchelye.  

Sampling of natural waters was carried out in April 2024 from the River Ponoy, the 

Shumesozero, and from wells located on different streets of the village (Figure 3). 

 

Figure 3. Water sampling stations (highlighted in red): 1-5 - wells, 6 - Ponoy River, 7 - Shumesozero. 

2.2. Research Methods  

The analysis of water samples included determination of pH, Eh, alkalinity, anionic composition 

(Cl-, SO42-, NO3-, F-, HCO3-, PO43-) and NH4+ using titrimetry and potentiometry methods, liquid 

analyzer Ekspert-001 (Econix-Expert, Moscow, Russia). Elemental analysis was performed using 

inductively coupled plasma mass spectrometry with an ELAN 9000 DRC-e instrument (Perkin Elmer, 

Waltham, USA). Multielement solutions ICP-MS-68A (Solution A and Solution B) (High-purity 

Standards, Charleston, USA) were used for calibration of the device. The accuracy of the analysis was 

controlled using standard samples STOK-16, STOK-10 (Inorganic Ventures, Christiansburg, USA), 

CRM-SOIL-A and CWW-TM-A (High-purity Standards, Charleston, USA. Fluorine concentration 

was determined using direct potentiometry, ion meter I-160 MI, (ZIP, Gomel, Belarus) (performer 

E.A. Krasavtseva).  

2.3. Software and Thermodynamic Dataset for Modeling  

Thermodynamic modeling was performed using the software package “Selektor”, version 3.01 

(Vinogradov Institute of Geochemistry SB RAS, Irkutsk, Russia). The software package implements 

the Gibbs energy minimization method based on the convex programming approach [20,21]. The 

selector has built-in thermodynamic databases [20–29].  

To solve the problem, a physical-chemical (PCM) model of the interaction "water-rock" was 

developed. It is adapted to the conditions of the Murmansk region and helps to evaluate the 

environmental situation if there is a natural or anthropogenic influence in it. The physicochemical 

model includes 47 independent components (Al, B, Br, Ar, He, Ne, C, Ca, Cl, F, Fe, K, Mg, Mn, N, Na, 

P, S, Si, Sr, Cu, Zn, Ni, Pb, V, Ba, U, Ag, Au, Co, Cr, Hg, As, Cd, Mo, Se, La, Ce, Zr, H, O, ē), 1174 

dependent components: 546 of them are in aqueous solution, 76 are in the gas phase, 111 are in liquid 

hydrocarbons, 440 are in solid phases, organic and mineral substances.  

The set of solid phases of the multisystem was formed taking into account the mineral 

composition of the rocks of the Baltic Shield [16,17]. In this work, the SP is used for modeling in the 

system “water - atmosphere”, “water - rock - atmosphere”, “solution - crystalline substance” where 

the solution is a mixture of drinking water and gastric juice.  

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 11 December 2024 doi:10.20944/preprints202412.0876.v1

https://doi.org/10.20944/preprints202412.0876.v1


 5 

 

The boundary conditions of the model are the amount of water (1000 kg), 1 kg of atmosphere, 

temperature 20°C (temperature when performing chemical analyses) and 38°C (average temperature 

of the organ, the stomach).  

3. Results and Discussion 

Analysis of the results of the chemical composition of well water by macrocomponents 

(groundwater) shows the content, mg/L: Ca (2.6-12.8), Mg (0.83-2.04), Na (2.4-6.9), K (0.83-7.0), NO3- 

(11.3-31.8), Cl- (2.3-10.2). For some microcomponents, mg/L: Se (0.0019-0.0027), U (0.00001-0.00008), 

Th (0.00001-0.00010), Li (0.00023-0.0012), Fe (0.008-0.26), Cu (0.00020-0.0015), Ni (0.00030-0.0018), Y 

(0.00032-0.016). The pH values in wells range from 5.38 to 6.94 (the permissible range is 6.5-8.5 [6]), 

in surface waters is 6.38-6.45. The concentration of nitrates in the River Ponoy is 0.35 mg/L. This 

corresponds to background concentrations in the waters of the River Vudyavryok (0.3 mg/L) in the 

Apatity-Kirovsk district of the Murmansk region [30]. The nitrate content in wells is tens of times 

higher, which indicates their biogenic or man-made intake, but does not exceed the MAC which is 45 

mg/L [4]. It should be especially noted that the nitrate ion contains a nitrogen atom in the maximum 

oxidation state of +5 and is highly toxic [3,31]. High concentrations of nitrates contribute to children 

developing a blood disease called metaglobinemia, and nitrate derivatives in the body (nitrosamines) 

have carcinogenic properties [9]. According to [6], the concentration of nitrates in bottled waters 

should not exceed 20 and 5 mg/L for waters of the first and highest categories, respectively. The latter 

indicates clearly overstated MPC values and high concentrations of NO3- in wells.  

The iron concentration is 1.7 mg/L and exceeds the permissible value in surface waters (the River 

Ponoy and Shumesozero); Its concentration does not exceed 0.3 mg/L (MPC 0.3 mg/L; LLBSC 0.375 

mg/L) in wells [3,4].  

Analytical data and modeling results of the chemical composition of the River Ponoy and well 

waters (st. Severnoe siyanie (Figure 3, point 5, Table 1)) indicate higher concentrations (several times) 

of the elements Ca, K, Na, Ba, Sr, Ce, La, Pr, Y, Cl, Zr, Cu, Co, Zn in the well water. This can be 

explained by the "water-rock" interaction. Note that the predominant forms of lanthanide migration 

are nitrates, and in the well waters they are 2 orders of magnitude higher than in the surface waters 

(the River Ponoy). 

The concentrations of Li and Be in the River Ponoy are significantly higher than in the well. This 

is most likely due to lithium and beryllium deposits in Keivy where the river flows. The high iron 

content in the river can be explained by the influence of swamps. Thus, the chemical composition of 

the water is the result of water-rock interaction. It reflects the history of the region and biogenic or 

technogenic influence. 

Table 1. Analytical data (AD) and modeling results (RM) of waters of the River Ponoy and well, T 

20°C, P 1 bar. 

Indicator 

River Ponoy 
Well (Figure 3, 

point 5) Indicat

or 

river Ponoy 
Well (Figure 3, 

point 5) 

AD RM AD RM AD RM AD RM 

mg/L mg/L 

Eh  0.845  0.8256 Ba total 0.0079 7.86×10-3 0.0373 0.0373 

pH 6.38 6.39 6.66 6.68 Ba2+ 
 

7.86×10-3 
 

0.0373 

Is*  0.00064  0.00180 BaCO3  3.29×10-7  2.78×10-6 

Al total 0.045 0.0450 0.098 0.0980 BaCl+ 
 

1.80×10-7 
 

3.70×10-6 

Al(OH)2+  2.04×10-3 

 
3.84×10-3 BaOH+ 

 
3.61×10-10 

 
3.26×10-9 

Al(OH)2

F 
 

0.0804 
 

0.0378 
Si total 

5.71 5.71 3.06 3.06 
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Al(OH)2F2

- 
 

8.56×10-5 
 

1.08×10-5 
SiO2 

 
4.06 

 
2.17 

AlO2-  8.20×10-3 
 

5.79×10-2 HSiO3- 
 

2.92×10-3 
 

3.09×10-3 

HAlO2  1.26×10-2 
 

4.53×10-2 H4SiO4 
 

13.0 
 

6.99 

Al(OH) 

2+ 
 

9.23×10-4 
 

9.27×10-4 
Sr total 0.017 

0.0170 0.041 0.0410 

Al(OH)3  0.0109 
 

3.93×10-2 Sr2+  0.0169 
 

0.0406 

Al(OH)4-  0.0112 
 

7.93×10-2 SrOH+  1.40×10-9 
 

6.15×10-9 

Al3+  3.03×10-5 
 

1.66×10-5 SrCO3  6.59×10-7 
 

5.81×10-6 

AlSO4+  
1.23×10-7 

 
2.33×10-7 

SrHCO

3+ 

 

1.47×10-4 
 

6.94×10-4 

Ca total 4.23 4.23 15.0 15.00 SrCl+  7.98×10-7 
 

8.29×10-6 

Ca2+ 
 

4.18 
 

14.80 SrF+  1.77×10-7 
 

1.04×10-7 

CaOH+ 
 

1.23×10-6 
 

8.14×10-6 Cd total 5.0×10-6 5.00×10-6 5.0×10-6 5.00×10-6 

CaCO3  1.50×10-3 
 

9.24×10-3 Cd2+ 
 

4.97×10-6 
 

4.87×10-6 

Ca(HCO3)

+ 

 

8.73×10-2 
 

0.28 
CdCl+ 

 
3.98×10-8 

 
1.69×10-7 

CaHSiO3

+ 

 

4.62×10-6 
 

1.64×10-5 
CdO 

 
7.22×10-14 

 
2.43×10-13 

CaCl+  2.40×10-4 
 

3.66×10-3 CdOH+ 
 

8.06×10-10 
 

1.45×10-9 

CaCl2  1.09×10-8 
 

7.35×10-7 Ni total 0.00030 3.00×10-4 0.00028 2.80×10-4 

CaF+  1.84×10-4 
 

1.59×10-4 Ni2+ 
 

3.00×10-4  2.80×10-4 

CaSO4  0.0336 
 

0.429 NiOH+ 
 

1.01×10-8  1.73×10-8 

В total 0.0004 
4.40×10-4 0.0042 4.22×10-3 

Pb 

(0.01) 5.6×10-5 5.60×10-5 0.00013 1.30×10-4 

B(OH)3  2.51×10-3 
 

0.0241 Pb2+ 
 

2.15×10-5 
 

3.29×10-5 

BO2-  2.10×10-6 
 

3.93×10-5 PbOH+ 
 

3.73×10-5 
 

1.05×10-4 

Fe total 2.21 2.21 0.263 0.263 PbO 
 

9.00×10-10 
 

4.73×10-9 

Fe2+  

5.53×10-9 
 

2.49×10-

10 PbCl+ 
 

4.18×10-8 
 

2.77×10-7 

FeSO4+  

7.48×10-8 
 

6.68×10-9 

Cu 

total 0.00060 6.00×10-4 0.00150 1.50×10-3 

Fe(OH)3  0.148 
 

0.0242 Cu+ 
 

7.07×10-16 
 

3.23×10-15 

Fe(OH)4-  1.91×10-3 
 

6.18×10-4 Cu2+ 
 

5.87×10-4 
 

1.44×10-3 

FeOH2+  2.50×10-3 
 

1.14×10-4 CuCl+ 
 

1.43×10-7 
 

1.52×10-6 

FeOH+  
5.97×10-

12 
 

4.97×10-

13 CuOH+ 
 

1.58×10-5 
 

7.13×10-5 

FeO+  1.61 
 

0.137 CuF+ 
 

1.62×10-7 
 

9.76×10-8 

FeSO4  
2.44×10-

11 
 

3.88×10-

12 CuCl2- 
 

1.01×10-12 
 

1.48E-16 

HFeO2 

 
1.39 

 
0.228 

HCuO2

- 
 

1.36×10-12 
 

2.18×10-11 

FeO2- 
 

6.23×10-4 
 

2.02×10-4 P total 0.0020 2.00×10-3 0.0010 1.00×10-3 
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FeCl+  
3.91×10-

13 
 

7.47×10-

14 PO43- 
 

8.78×10-10 
 

1.51×10-9 

FeF+  
1.29×10-

12 
 

1.39×10-

14 HPO42- 
 

8.13×10-4 
 

7.04×10-4 

FeF2+  1.26×10-6 
 

7.67×10-9 H2PO4- 
 

5.44×10-3 
 

2.42×10-3 

F- 0.144 
0.125 0.0409 0.0318 

Co 

total 0.00011 1.10×10-4 0.00028 2.80×10-4 

HF  7.29×10-5 
 

9.52×10-6 Co2+ 
 

1.10×10-4 
 

2.80×10-4 

HF2-  
2.14×10-

10 
 

7.15×10-

12 CoO 
 

6.33×10-11 
 

5.52×10-10 

K total 1.00 1.00 3.67 3.67 CoCl+ 
 

4.12×10-8 
 

4.54×10-7 

K+  

1.00 
 

3.67 

HCoO2

- 
 

- 
 

5.19×10-16 

KCl  3.06×10-7 
 

4.96×10-6 CoOH+ 
 

2.26×10-8 
 

1.06×10-7 

KHSO4  
6.87×10-

13 
 

4.80×10-

12 
Cl total 

2.27 2.27 10.22 10.2 

KOH  8.06×10-9 
 

5.73×10-8 Cl- 
 

2.27 
 

10.2 

KSO4-  5.01×10-4 
 

6.93×10-3 HCl 
 

1.96×10-7 
 

4.63×10-7 

Mg total 1.07 1.07 1.47 1.47 Zr total 0.00018 1.75×10-4 0.00079 7.90×10-4 

Mg2+  1.06 
 

1.44 HZrO3- 
 

1.37×10-4 
 

8.08×10-4 

MgOH+  5.74×10-6 
 

1.49×10-5 ZrO2 
 

1.16×10-4 
 

3.57×10-4 

MgCO3  2.43×10-4 
 

5.89×10-4 U total 0.00006 6.40×10-5 0.00008 7.90×10-5 

Mg(HCO3

)+ 

 

2.96×10-2 
 

3.70×10-2 HUO4- 
 

1.95×10-7 
 

4.70×10-7 

MgCl+  1.19×10-4 
 

7.00×10-4 UO22+ 
 

3.33×10-7 
 

1.23×10-7 

MgF+  

2.69×10-4 
 

9.00×10-5 

UO2O

H+ 
 

3.90×10-6 
 

2.64×10-6 

MgSO4  1.63×10-2 
 

8.02×10-2 UO42- 
 

4.95×10-15 
 

2.33×10-14 

MgHSiO

3+ 

 

3.02×10-6 
 

4.19×10-6 UO3 
 

7.25×10-5 
 

9.17×10-5 

Mn total 0.033 0.0330 0.0110 1.10×10-2 Li total 0.0032 3.20×10-3 0.00023 2.30×10-4 

Mn2+  0.0329 
 

1.09×10-2 Li+ 
 

3.20×10-3 
 

2.30×10-4 

MnOH+  1.62×10-6 
 

1.02×10-6 LiOH 
 

4.18×10-10 
 

5.62×10-11 

MnO  
6.41×10-

12 
 

7.84×10-

12 

Ce 

total 0.00042 4.23×10-4 0.00513 5.13×10-3 

HMnO2-  - 
 

- Ce3+ 
 

1.42×10-11 
 

2.16×10-12 

MnSO4  1.32×10-4 
 

1.59×10-4 CeNO32+ 
 

6.09×10-4 
 

7.40×10-3 

MnF+  2.13×10-6 
 

1.73×10-7 CeSO4+ 
 

1.71×10-12 
 

8.11×10-13 

MnCl+  2.17×10-6 
 

3.12×10-6 CeOH2+ 
 

8.14×10-14 
 

2.20×10-14 

CO32-  4.64×10-3 
 

4.33×10-3 Cr total 0.00008 - 0.00017 - 

HCO3-  46.2 
 

2.01 CrO42- 
 

7.23×10-5 
 

2.31×10-4 

HSO4-  6.65×10-5 
 

1.22×10-4 HCrO4- 
 

1.07×10-4 
 

1.49×10-4 

SO42- 1.95 1.91 
 

7.52 La total 0.00031 3.05×10-4 0.00389 3.88×10-3 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 11 December 2024 doi:10.20944/preprints202412.0876.v1

https://doi.org/10.20944/preprints202412.0876.v1


 8 

 

HNO3  4.87×10-9 
 

2.12×10-7 La3+ 
 

1.19×10-11 
 

1.90×10-12 

NO3- 0.35 0.346 
 

3.11 LaCO3+ 
 

8.67×10-12 
 

2.11×10-12 

Na+ 2.82 2.82 7.64 7.64 LaF2+ 
 

5.14×10-13 
 

1.89×10-14 

NaOH  4.98×10-8 
 

2.68×10-7 LaCl2+ 
 

1.71×10-15 
 

1.09×10-15 

NaAlO2  

2.31×10-7 
 

4.42×10-6 

LaNO3

2+ 
 

4.41×10-4 
 

5.62×10-3 

NaCl  

7.34×10-5 
 

8.60×10-4 

LaOH2

+ 
 

4.11×10-14 
 

1.17×10-14 

NaF  3.20×10-6 
 

2.16×10-6 LaSO4+ 
 

1.44×10-12 
 

7.18×10-13 

NaSO4-  

1.38×10-3 
 

1.36×10-2 Zn2+  

7.00×10

-4 6.85×10-4 

3.10×10-

3 2.98×10-3 

NaHSiO

3 

 

3.62×10-5 
 

1.04×10-4 ZnOH+ 
 

1.82×10-5 
 

1.46×10-4 

O2  8.04 
 

4.96 ZnCl+ 
 

7.78×10-8 
 

1.41×10-6 

CO2  14.7 
 

6.88 ZnF+ 
 

7.90×10-8 
 

8.21×10-8 

VO2+  7.71×10-8 0.00021 6.53×10-9 Y total 0.00037 3.65×10-4 0.0040 3.98×10-3 

VO43- 
0.001

2 

7.55×10-

11 
 

1.02×10-

10 Y3+ 
 

3.55×10-4 
 

3.78×10-3 

HVO42-  6.95×10-4 
 

4.55×10-4 YO+ 
 

3.50×10-8 
 

1.22×10-6 

H3VO4  1.09×10-4 
 

1.80×10-5 YOH2+ 
 

1.24×10-5 
 

2.35×10-4 

Nd 0.00033 3.25×10-4 0.00478 4.78×10-3 Pr 0.00006 6.25×10-5 0.00106 1.06×10-3 

Nd3+ 
 

7.71×10-

12 
 

5.93×10-

12 Pr3+ 
 

2.08×10-12 
 

4.41×10-13 

NdNO32+ 
 

4.65×10-4 
 

6.84×10-3 PrNO32+ 
 

9.00×10-5 
 

1.52×10-3 

LLBSC, mg/L: U-0.000037; Si-0.25; V-0.025; Ni-0.0075; Co-0.0075; K-75, Ca-27.5; Mg-7.5; Na-112.5; Cr-0.00375; Th 

-0.000007; Y-0.0004, * - ionic strength. 

Data analysis (Table 1) shows that such important metals from the standpoint of biological 

significance for the microelement balance of humans as Co, Cu, Mn, Ni, V, Zn, Cr have a lower 

concentration than the recommended LLBSC for them. Macroelements (Ca, Mg, Na,) also have 

concentrations below the LLBSC. All this can lead to a violation of the micro- and macroelement 

balance in the human body and cause various diseases. We especially pay attention to the fact that 

the detected concentrations of U, Th, Y in wells are several times higher than their LLBSC.  

Table 2 shows the composition of the phases that saturate the waters of the well and the River 

Ponoy at temperatures of 3°C and 20°C. The predominant phases in the River Ponoy are goethite and 

amorphous silica. This corresponds to the influence of the swamps and the weathering of the Keiv 

rocks on the chemical composition of the water. Silica predominates at 3°C in the well waters.  

Table 2. Composition of phases with which the waters of the well and the Ponoy River are saturated 

(mol / %), T 20oC. 

Object ToC MnO2 FeO(OH) Msc Apt Mnt SiO2 

Well 

mol 
20 

2.00×10-4 4.71×10-3 2.08×10-7 9.86×10-6 1.56×10-3 - 

% 1.72 41.29 0.01 0.49 56.5 - 

mol 
3 

2.00×10-4 4.71×10-3 1.21×10-3 9.93E×10-6 - 0.0481 

% 0.44 10.7 14.84 0.13 - 73.89 
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Ponoy 

mol 
20 

6.01×10-4 0.0395 - 5.31×10-6 7.15×10-4 0.0511 

% 0.76 50.91 - 0.04 3.81 44.48 

mol 
3 

6.01×10-4 0.0395 4.87×10-7 9.93×10-6 - 0.0481 

% 0.42 28.21 - 0.13 - 69.25 

The concentrations of Y, La, Ce, Sr, Li, Be in the River Ponoy and the well exceed the 

concentrations of these elements in the waters of the Central'nyy water intake (Kirov) [15] and in the 

tap waters of Murmansk [32].  

In order to establish the connection between the elemental composition of the organism and the 

ecological and geochemical conditions of the studied area, within the framework of the RFBR grant 

in 2018, we have developed a model of the stomach environment based on literary sources. Using 

modeling (PC "Selektor"), the qualitative and quantitative composition of the "solution - crystalline 

substance" system was studied taking into account environmental conditions and physiological 

indicators of the human body. In this case, the solution is natural drinking water, gastric juice, a 

mixture of drinking water and gastric juice, and the crystalline substance is the newly formed phases 

in equilibrium with the solution [33]. The interaction of gastric juice (GJ) with water essentially leads 

to the emergence of a geochemical barrier, i.e. the appearance of such physicochemical parameters 

when there is a sharp change in conditions and concentrations of elements, when solid phases can 

precipitate. This is a zone in which one geochemical environment is replaced by another [34]. 

Physicochemical modeling of the system “natural waters – gastric juice” was carried out under 

conditions of low acidity (pH = 6.24, Eh = 0.218 V, C(Cl-) = 2285 mg/L) with 100 and 10 mL of gastric 

juice with different amounts of well water (T 38°C). Such conditions are possible in elderly people, 

children and a number of sick people. Figure 4 shows changes in pH, Eh, migration forms (using Nd 

as an example) and the composition of newly formed phases depending on the degree of interaction 

ξ (from 10-6 to 10-3). 

Analysis of the results indicates that if there are 100 mL (Figure 3a) or 10 mL of gastric juice 

(Figure 3b) in the stomach at the time of water intake, then as its volume increases, the acidity and 

oxidation-reduction conditions in the stomach will change. A water volume of more than 200 mL 

(ξ=3.7) will lead to positive Eh values and to a change in the forms of lanthanide migration (shown 

using the example of Nd, Figure 3 g), the appearance of NdNO32+ instead of Nd3+, a change in the 

qualitative and quantitative composition of the phases and the appearance of illite, FeO(OH), and the 

disappearance of apatite (Figure 3e). Considering that the waters of wells in the village 

Krasnoshchelye can contain up to 50 mg/L of rare earth elements (REE), changes in their migration 

patterns can lead to accumulation in the human body. For REEs, except for yttrium, no BSC or MPC 

have been established, but their presence in the body can cause a number of diseases, including those 

of the nervous system [35–37]. An evaluation of the elemental status of children in the village 

Lovozero (also located in the Lovozero district) confirmed the presence of REE in the children's hair 

[35]. The drinking water studied in the wells of the village Krasnoshchelye also contains rare earth 

elements. 
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(a) (b) 

  

(c) (d) 

  

(e) (f) 

Figure 4. Changes in parameters in the stomach during the interaction of 100 mL (a,c,d) and 10 mL 

(b,d,e) of gastric juice and a volume of water from 1 to 1000 mL. 
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Changes in oxidation-reduction conditions will affect the behavior of other polyvalent elements, 

such as Cu, Fe, U, Al, V, etc. Uranium will transform from a 4-valent form (UO2) to 6-valent forms: 

UO22+, UO2OH+ and UO3. The valence of uranium is of great importance for the body since up to 20% 

of hexavalent uranium accumulates in the kidneys, 10-30% in the skeleton, and a small amount is 

deposited in the liver. Up to 50% of tetravalent uranium accumulates in the liver and spleen; up to 

10-20% is deposited in the bones and kidneys. In bone tissue, uranium is deposited on the surface of 

the smallest hydroxyapatite crystals as a result of the ion exchange of two Ca2+ ions for one UO22+ ion. 

Each UO22+ ion binds tightly to two adjacent phosphate groups on the crystal surface and releases 

two Ca2+ ions. The form of uranium compound in bone tissue is apparently otenite 

Ca(UO2)2(PO4)28H2O. Uranium is not part of the crystalline structure of apatite, but is adsorbed on it. 

It has been established that the uranium content in fish bones is tens of times higher than in muscles 

[36].  

Vanadium from the migration form VO+ passes into HVO42- and H3VO4. Barium, yttrium, nickel, 

lead, and boron migrate as Ba2+, Y3+, Ni2+, Pb2+, and H3BO3. The sum of the ratios of the concentrations 

of components detected in water to their MAC values should not be greater than 1 in order to avoid 

an amplifying effect, the summation effect. This principle is applied to substances with the same type 

of toxic action mechanism: barium and strontium are nerve and muscle poisons; barium and boron 

together have a negative effect on the reproductive function of the body [3]. In our case, the toxicity 

index was less than 1. Barium migrates in the form of Ba2+ cations, a toxic substance. The concentration 

of barium in the well is 0.037 mg/L. This is above the LLBSC (0.02). Boron is represented by the toxic 

acid H3BO3. It is a highly toxic substance with a polytropic effect, the concentration of boron in the 

well is below the MPC (0.5 mg/L) and the LLBSC (0.0325 mg/L). As indicated in the work [3], high 

MPC values for a number of elements cannot serve as a characteristic of hydrochemical anomalies in 

specific areas. 

4. Conclusions 

The results of the studies of drinking water in the village of Krasnoshchelye showed that the 

macro- (Ca, Mg, Na, K) and microelement (Co, Cu, Mn, Ni, V, Zn, Cr) composition of water from the 

standpoint of biological significance for the elemental balance of a person have a lower concentration 

than the recommended level of the LLBSC; the concentrations of U, Th, Y are several times higher 

than their LLBSC; the forms of migration of elements and newly formed phases in the system "water 

- gastric juice" depend not only on the acidity of the stomach, but also on the amount of gastric juice. 

And this is an individual characteristic of a person and his age.  

The presence of rare earth elements in drinking well waters with their constant use can cause 

diseases of the nervous system and other organs. The presence of REE in surface natural and drinking 

waters has been established in other settlements of the Lovozero district. The results of the research 

can be used in the fields of geochemistry, hydrology, ecology, and medicine.  
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