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Abstract. The speciation of chemical elements in groundwaters of 

Apatity Kirovsky district may affect their bioavailability and toxicity. A 

complete hydrochemical analysis showed measurable concentrations of 

uranium, molybdenum, silver, barium, nickel, vanadium, aluminum, and 

lead, which contributed to a growing database of the chemical 

compositions of groundwater. Physical and chemical models showed that 

the vital elements calcium, sodium, potassium, magnesium and sulfate ion 

are in chemical forms that are favorable for human health (Са2+, Na+, К+, 

Mg2+, SО4
2-). Forms of migration of carcinogenic or toxic elements (nickel, 

barium, vanadium, strontium, aluminum, lead) are among the most toxic 

(Ni2+, Ba2+, Sr2+) and remain so at the temperatures studied +3, +25, 

+37оС. One of the most insidious effects of inorganic compounds of lead, 

barium and strontium is the ability to replace calcium in bones 

isomorphically, nickel in the form of free ions (Ni2+) is 2 times more toxic 

than its complex compounds with inorganic and organic ligands. The 

results of this research can be useful in the fields of geochemistry, 

hydrology, ecology and medicine. 

1 Introduction 

Hydrogeology has seen major advances in recent years, and these result from 

emphasizing the relevance of studying interaction of water with rocks and other 

surrounding components [1]. This approach corresponds to the ideas of J.-B. Lamarck and 

V.I. Vernadsky [2]. 
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Water is the singular chemical compound that determines the possibility of life on 

Earth. The daily human consumption of drinking water averages about 2 liters, and the total 

water consumption and use per capita in developed countries is 150 to 300 liters per day. 

The water content in the body of a newborn is 97%, decreasing with age to 70 - 80%, in 

particular, the brain contains about 85% water. The most important quality of water, which 

is the main solvent, is its chemical composition [3]. 

Understanding the chemical evolution of waters as a result of natural or anthropogenic 

influence involves scientists of the whole world. Particular attention is paid to solutes 

derived from the interaction of water with rocks, of which the most interesting system is 

"water-aluminosilicates" [1]. Freshwater reserves are a strategic factor in the development 

of the Russian economy [4]. At the same time, the chemical composition of water has the 

most important influence on the health of the global population [5-7]. 

The Murmansk region has a well developed metallurgical and mining and processing 

industry, leading to pollution of local and regional water supplies. Although the toxic 

elements do not exceed drinking-water standards, measurable amounts of these elements 

exist in the water supplies. The toxic effect of elements on the human body is determined 

by their chemical speciation, the number and composition of compounds, as well as the 

individual characteristics of the body [7]. Therefore, an important task is to study the 

chemical forms of elements in the aquatic environment, since it is they that influence the 

uptake and bioavailability of pollutants and their toxicity to living organisms [8-9]. 

According to А.V. Skalny vital elements include cations: Са2+, Na+, К+, Mg2+, Мn2+, Zn2+, 

Fe2+, Сu2+ and Со2+, as well as anions in single element form and in the form of complex 

anionic groups: Сl-, I-, РО4
3-, SО4

2-, МоО4
2- and SeО3

2- [6]. Currently, the quality of 

drinking water is assessed in comparison with maximim permissible concentration of 

elements or compounds according to state sanitary standards (San PiN 2.1.4.1074-01) [10], 

but [11] indicated the need to take into account the ratio of some other elements in solution. 

The purpose of this work is to assess the change in chemical forms of elements from one of 

the springs of Apatity depending on temperature using physical and chemical modeling 

(software package “Selektor”) [12]. 

2 Results and Discussion 

Over the years, the authors have investigated the chemical evolution of waters in the 

context of water-rock interactions with the rocks of Fennoscandia (the Hibinsky massif) 

and related formations. These waters are drinking water sources for residents of the 

Apatity-Kirovsk district.  

The concentration of chemical forms of elements (mg/l), calculated with software 

package “Selektor”, depending on the temperature regime are presented in Table 1 and in 

Figure 1. 

Table 1. The concentration of chemical forms of elements (mg/l, P = 1 bar). 

Chemical 

forms of 

elements 

Temperature 

Sampling Room Human body 

+3°C +25°C +37°C 

Al(OH)2
+ 1.58·10-5 6.55·10-6 3.96·10-6 

Al(OH)2F 1.43·10-4 6.62·10-5 4.42·10-5 

AlO2
- 6.96·10-2 8.15·10-2 8.96·10-2 

HAlO2 3.63·10-3 2.20·10-3 1.76·10-3 

Al(OH)2+ 4.67·10-7 4.36·10-8 1.23·10-8 
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Al(OH)3 2.53·10-3 2.01·10-3 1.79·10-3 

Al(OH)4
- 1.19·10-1 1.03·10-1 9.07·10-2 

Zn2+ 1.62·10-1 7.97·10-2 4.05·10-2 

ZnCl+ 2.95·10-7 5.33·10-7 5.46·10-7 

ZnOH+ 4.95·10-2 1.52·10-1 2.01·10-1 

ZnO 2.23·10-4 1.27·10-3 2.35·10-3 

HZnO2
- 4.66·10-6 2.56·10-5 4.97·10-5 

ZnF+ 4.72·10-6 2.30·10-6 1.26·10-6 

Ni2+ 9.63·10-3 9.62·10-3 9.60·10-3 

Ca2+ 21.6 21.5 21.4 

CaOH+ 6.95·10-5 4.74·10-4 1.27·10-3 

CaCO3 4.53·10-1 6.87·10-1 8.72·10-1 

Ca(HCO3)+ 8.04·10-1 7.38·10-1 7.69·10-1 

CaHSiO3
+ 1.31·10-2 1.50·10-2 1.83·10-2 

CaF+ 2.25·10-4 2.42·10-4 2.70·10-4 

CaSO4 5.71·10-1 6.22·10-1 6.86·10-1 

Pb2+ 3.17·10-6 6.01·10-6 7.89·10-6 

PbOH+ 4.44·10-4 4.40·10-4 4.36·10-4 

HgO 1.80·10-4 1.80·10-4 1.80·10-4 

Ba2+ 4.75·10-3 4.75·10-3 4.74·10-3 

BaCO3 1.16·10-5 1.81·10-5 2.35·10-5 

Sr2+ 5.83·10-2 5.77·10-2 5.71·10-2 

SrHCO3
+ 1.21·10-3 2.03·10-3 2.83·10-3 

Lead (as Pb2+) is one of the strongest toxicants for living organisms. Inorganic lead 

compounds may act as enzyme inhibitors, and long-term consumption of water, even with a 

low content of this metal may be one of the causes of acute and chronic diseases. Zinc – an 

element necessary for humans and animals – migrates in six different forms, with the 

chemical form prevailing at low temperatures Zn2+, but with increasing temperature ZnOH+ 

species becomes more dominant. 

Nickel is a potentially carcinogenic element. It is believed that its free ions (Ni2+) are 2 

times more toxic than its complex compounds with inorganic and organic ligands [13]. Its 

chemical form of migration does not change with temperature, i.e. it remains toxic. The 

water also contains barium and strontium ions, the predominant forms of migration of 

which Ba2+ and Sr2+do not change with temperature. Note that barium, strontium, and lead 

accumulate in the same organs as calcium [14]. 

From the results obtained (Fig. 1), it can be seen that: 

 the initial water pH decreases with increasing temperature; 

 the forms of copper change; 

 НРО4
2- is always the dominant form of phosphorus, with НРО4

3- several orders of 

magnitude less; 

 Fe(OH)3 is the dominant form of iron. 
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Fig. 1. Changes in pH, copper, phosphorus and iron ions depending on temperature. 

The study of the water-rocks system showed that the waters of spring are saturated with 

the following minerals: CaCO3
- - 0.03; SiO2 - 98.57; muscovite - 0.27; MnO2 - 0.15; 

FeO(OH) - 0.72; apatite - 0.03; Zn2SiO4 - 0.22%. These results show that as temperature 

conditions change, some elements change their chemical form (copper, zinc), some will 

precipitate (iron, manganese), and some will remain in their toxic form (Table 1). Thus, it 

was shown that with the help of precision methods of analysis and mathematical modeling, 

it is possible not only to estimate the elemental composition of water and to track the 

chemical forms of elements, but also to evaluate their transformation with changing 

physical conditions (temperature, etc.). 

 
The study was carried out with the financial support of RFBR and the Ministry of Education and 

Science of the Murmansk region within the framework of the scientific project 17-45-510640 

"Geochemical assessment of groundwater in the Khibiny massif (age and identification of the origin 

of groundwater, chemical composition, forms of migration of elements)". 
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