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Abstract: This work aimed to evaluate groundwater potability for the population through geochemical assessment 
methods on the example of aquifers in Krasnodar city. In 2016 and 2019, on the territory of Krasnodar city (Krasnodar 
region, Russian Federation), a detailed geochemical analysis of groundwater quality was performed based on a total of 
6000 samples, 3000 samples per each year. Samples were taken from 30 wells located at depths of up to 450 m in the 
layers of Anthropogen and Neogene stages. Quantitative analysis of wells according to the average water quality 
parameters showed that in 15 wells, the water condition met the MAC (maximum allowable concentration) standards 
in all layers. Water abundance between the layers of the Quaternary and Cimmerian stages is seven times as different 
(p ≤ 0.001) towards the latter, the hardness between the same horizons is ten times as different (p ≤ 0.001) towards the 
Quaternary stage and three times as different (p ≤ 0.05) in terms of solid residue. Thus, the water hardness and water 
abundance index vary significantly between the vertical layers. A strong positive correlation between the solid residue 
and the hardness values (Pearson correlation 0.93, p ≤ 0.05), and a negative correlation between water abundance and 
solid residue values (Pearson correlation –0.83, p ≤ 0.05), as well as between the hardness and water abundance values 
(Pearson correlation –0.81, p ≤ 0.05) was recorded. These findings can be used for regions with similar deposits of rocks 
and aquifers.  
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INTRODUCTION 

One of the most relevant problems of the 21st century is the lack of 
potable water [RAPANT et al. 2015]. As the world’s population 
grows, the use of surface water of lakes and rivers is increasing 
[SKEVAS 2020]. Intensification of agriculture involves the increasing 
use of various insecticides and herbicides that enter surface water 
and render it unsuitable for drinking and the irrigation of plant 
crops. In industrial areas, water pollution with heavy metals 
prevails, and in megacities, household wastes dominate among the 
factors affecting drinking water quality [LEKOMTSEV et al. 2020]. 

The human right to use quality potable water was 
recognized in 2010 at the United Nations General Assembly. 
Every second person in the world population uses tap water, 
which contain elevated and dangerous to human health 
concentrations of heavy metals, organic compounds, and 
pathogenic microorganisms [SILVA, DA ROCHA 2020]. 

Relating to those mentioned above, special attention is paid 
to groundwater resources development, which are not as 
vulnerable to contamination as surface water if deposited deep 
enough [RAPANT et al. 2017]. The health of the population 
depends largely on the quality of the water they drink since it is 
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the main environment and a reagent of vital metabolic processes 
in the human body like digestion, respiration. Besides, water is 
the main component of the human body, counting for 55–60% of 
the body weight [KOCINA 1997]. The aquatic environment is 
perfectly suitable for electrolytic dissociation reactions and 
dispersion of colloidal solutions. The deviations in water quality 
from generally accepted standards lead to the development of 
endemic diseases among the population [NEGI et al. 2020]. Thus, 
fluorine deficiency promotes the incidence of caries in up to 70% 
of cases registered during visits to the dentist, whereas over-
abundance of fluorine incites fluorosis cases. Exceed in 
water hardness values over the standards can be the main factor 
inducing mass cases of kidney stone disease in the population. 
Hypothyroidism has been reported in cases of low iodine 
concentration. The presence of pathogens and parasites inciting 
various diseases is also important [BINDAL et al. 2020; BINDAL, 
SINGH 2019; RÉVÉSZ et al. 2010]. 

Recently, cases of technogenic disasters have become more 
frequent due to waste and industrial water emissions. Afterward, 
these waters penetrate aquifers underground [ELUMALAI et al. 
2019; RENOCK et al. 2016]. Consumption of such waters has both 
short-term (poisoning) and long-term negative effects (increased 
digestive diseases, increased cancer-related mortality) [NGUYEN 

et al. 2011; OREM et al. 2017]. When wastewater is discharged into 
aquifers, hazardous carcinogens such as formaldehyde are 
released [BELITZ et al. 2016; MOLOFSKY et al. 2013]. Also, sulphates, 
oil products, nitrates, and nitrites are penetrating groundwaters as 
well. The result of such effluent is a qualitative change in 
groundwater properties for the worse, primarily in terms 
of hardness, mineralisation, and sulphate concentration. 

For the Russian Federation, as in many other countries of 
the world, the shortage of groundwater resources is increasing. 
Thus, in 2012, 29.53 mln m3 of groundwater was used, and in 
2011 this volume decreased to 29 mln m3 [TORKUNOV et al. 2013]. 
Therefore, against the background of groundwater deficit and 
deteriorating quality, performing a geochemical analysis for 
assessing the suitability for household and agricultural needs is of 
high relevance. Of particular significance are studies devoted to 
considering this problem within individual territories and model 
regions [BOGAS, GOMES 2015; KOZAR et al. 2017; ROSBORG 2015]. 
This is due to the difficulties in forecasting the prevailing trends 
in groundwater quality for a large territory as the situation may be 
precisely the opposite in different regions. Simultaneously, the 
results of data analysis on groundwater conditions in the model 
region can be used for areas with similar geological, climatic, and 
hydrological characteristics. 

As a model region, this paper proposes the city of Krasnodar 
(Krasnodar Region, Russian Federation) with a population of 
about 1 mln people. The main river flowing through the city is the 
Kuban River, which is 870 km long. The hydrological regime of 
the River Kuban was characterised by a high amplitude of 
seasonal flood fluctuations up to 5 m before the construction of 
the Krasnodar reservoir, which regulated the flow of the river. At 
the same time, Krasnodar city demonstrates quite an increased 
level of pollution by road transport, oil refining enterprises, and 
other industrial facilities, even compared to other regions of 
Russia. By the number of cars per 1 people, Krasnodar city 
outnumbers other Russian cities, including Moscow. However, 
other data suggest that Krasnodar city is, on the contrary, one of 
the cities with a low level of pollution. 

Thus, the proposed model region (Krasnodar city) involves 
a high number of wells and characterises by a high level of 
pollution at the same time, mainly due to vehicles and mineral oil 
refineries. 

The authors assume that depending on the depth of the 
occurrence, aquifers will show different degrees of contamination 
by different cations and anions and different degrees of 
water hardness. 

This work aimed to perform a comparative geochemical 
analysis of aquifers in terms of groundwater suitability for the use 
of the community. 

The objectives of this work were: 
– to perform geochemical characterisation of aquifers in terms of 

water hardness and mineralisation; 
– to assess the dynamics of changes in water chemical composi-

tion over the period 2016, 2019 through the selected sampling 
points. 

MATERIALS AND METHODS 

RESEARCH REGION 

Underground waters in the Krasnodar Region are extracted from 
38 known deposits, from 200 to 500 m deep [DEMCHENKO et al. 
2018]. Groundwater in the city is distributed unevenly, resulting 
in problems with potable water only in particular areas. The role 
of underground water for the population of Krasnodar city is 
undeniable as it accounts for 99% of all water supply. The total 
number of water intakes in Krasnodar is 12, and the number of 
artesian wells is 440 [NAGALEVSKY et al. 2010]. 

A full examination of the qualitative groundwater features 
requires the provision of the rock layers characteristics (depth) 
corresponding to different geological epochs. Within the city of 
Krasnodar, wells from which groundwater is extracted pass 
through five such rock layers covering the period from today 
(anthropogenic, up to 2.58 mln years) to Neogene (more than 
2.58 mln years) – Table 1. 

The degrees of anthropogenic load in aquifers of different 
stages vary depending on the depth of occurrence. Thus, the layer 
of the Anthropogen is most affected because here, surface water 
flows from the Kuban River, and groundwater flows from the 
underlying aquifers. Infiltration of waters of the second stage, the 
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Table 1. Aquifers and their depth on the territory of Krasnodar 
city 

Name of the aquifer Depth (m) 

Quaternary stage sediments (Anthropogenic) 10–50 

Apsheronian (Apsheron) stage1) (Calabrian)2) 50–60 

Akchagylian (Akchagyl) stage1) (Gelasian and 
Piacenzian)2) 

200–210 

Kuyalnician stage1) (upper Pleistocene)2) 300–400 

Cimmerian stage1) (Neogene)2) 400–420  

1) Regional scale [SVITOCH 2016]. 
2) Names of stages in brackets are given according to the International 
Stratigraphic Classification [MURPHY, SALVADOR 1999]. 
Source: own elaboration. 
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Apsheron, occurs due to the inflow of surface water and 
precipitation in those places, where the corresponding rocks 
come to the surface. This stage is represented by clays and comes 
to the surface in the Caucasian Mountains foothills region. In 
terms of water supply, the Akchagyl stage layer is similar to the 
Apsheron. As to the Kuyalnician stage, water is supplied both 
from the surface, in the places where rocks come out in the 
foothills of the Caucasian Mountains, and from aquifers 
characterised by high water pressure. In the deepest stage, the 
Cimmerian, water also comes as from the surface so and from 
other horizons. Admixtures of hydrogen sulphide and ammonia 
mark the waters of this stage. 

SAMPLING 

The research was conducted in 2016, 2019 in Krasnodar city. Ten 
sampling locations were selected (Fig. 1), each with three wells. 
The total number of surveyed wells, thus, was 30. 

Sampling was carried out in June–July 2016 (3 samples, ten 
samples per well) and June–July 2019 (also ten samples per well). 
Of each ten samples, two samples were taken in each of the five 
aquifers. Then they were combined into three groups according 
to the depth’s parameters, namely, 10–50 m, 51–400 m, and 401– 
420 m. Thus, the spectrum of samples was obtained from depths 
of 10–420 m. The total number of samples was 6. 

RESEARCH METHODS 

Each sample was taken in the amount of 1 dm3. The containers 
made of polymeric material intended for contact with foodstuffs 
are rinsed at least three times with water to be analysed and filled 
up to the top. The items shall be analysed not later than 5 h after 
the sampling, as a rule, the time did not exceed 1–2 h. Each 
sample was provided with a label that contained the following 
information: the name of the sample (well number, depth from 

which the sample was taken), place of sampling, date and time of 
sampling, additional information (if necessary). This method 
meets the requirements of the sampling standard developed by 
the Federal State Budgetary Institution “Hydrochemical Institute” 
[Minprirody Rossii 2012]. Samples were tested for compliance 
with drinking water standards. Drinking water intended for 
human consumption (drinking water) is defined as water whose 
composition according to organoleptic, physicochemical, micro-
biological, parasitic. Radiation indicators meet requirements of 
state standards and sanitary legislation designed to meet the 
physiological, sanitary, and hygienic, domestic, and economic 
needs of the population and the production of products that need 
to use drinking water. 

Drinking water should meet certain hygiene requirements, 
including the organoleptic quality of the water, its optimum hard-
ness, and chemical composition. The analysis for pathogenic 
microorganisms is of high importance as well. 

Hygienic assessment of safety and quality of drinking water 
is carried out based on the indicators of epidemic safety 
(microbiological, parasitic), sanitary and chemical (organoleptic), 
physicochemical, sanitary toxicological, and radiation indicators. 
Thus, if at least one of the parameters under consideration had 
deviations, the sample was considered unsuitable. The norms of 
water suitability for use and the values of maximum allowable 
concentrations (MAC) of cations, anions, and other water 
parameters (level of hardness, mineralisation) were taken from 
the mentioned standards [Postanovleniye ... 2021]. 

Standard methods for measuring potential salinity and 
determining sodium and magnesium adsorption coefficients, 
water permeability index, the content of trace elements, and 
cationic/anionic composition were used. Water quality (hardness 
parameter) was measured with the EC-308 Water Quality 
Monitor, and the presence of alkali metal cations and salts in 
water were measured with the TDS-meter. TDS-meter is designed 
to measure water salinity, i.e., a total amount of Total Dissolved 
Solids (TDS) impurities dissolved in water per one million water 
particles (parts per million). Salinity measurement range of TDS- 
meter: 0–199.9 ppt, accuracy: ±2% of full scale, automatic 
temperature compensation (ATC): from 0 to 60°C. 

The content of arsenic, cadmium, anion nitrate, and other 
chemical elements was determined using atomic spectrometry. 
The method of atomic emission spectrometry with inductively 
coupled plasma allows determining the content of aluminum, 
barium, beryllium, boron, vanadium, bismuth, tungsten, iron, 
cadmium, potassium, calcium, cobalt, silicon, lithium, magne-
sium, manganese, copper, molybdenum, arsenic, sodium, nickel, 
tin, lead, selenium, silver, strontium, antimony, tellurium, 
titanium, chrome, and zinc. The method is based on measuring 
the radiation absorption of the resonant wavelength by the atomic 
steam of a defined element formed due to electrothermal 
atomisation of the analysed sample in the graphite furnace of 
the spectrometer. 

Phenols were determined using the photometric method. 
The photometric method for determining the mass concentration 
of volatile phenols is based on phenols distillation from an acidic 
water sample, interaction of phenols in the distillation with 
4-aminoantipirin in the presence of potassium hexacyanoferrate 
(III), and extraction of the formed coloured compound by 
chloroform. The optical density of the extract shall be measured 
on a spectrophotometer (λ = 470 nm) or photometer with a light 

Fig. 1. Sampling points in Krasnodar city; source: own elaboration 
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filter having maximum transmittance in the range of λ = 460– 
490 nm. Range of measured concentrations: 2.0–30.0 µg·dm–3. 
Method error at P = 0.95 (±δ, in %): 16–50%. 

Potassium and magnesium adsorption was determined by 
the complexometric method. The method is based on the 
formation of complex trilon B compounds with ions of alkaline 
earth elements. The determination is performed by titration of 
the sample by trilon B solution at pH = 10 in the presence of the 
indicator. The lowest determinable water hardness was 0.1°J. 
Trilon B was dried at 80°C for 2 h, measured the amount of 
9.31 g, placed in a measuring flask with a capacity of 1 dm3, 
dissolved in a warm 40–60°C bidistilled water, and brought to 
the mark of bidistilled water after cooling the solution to room 
temperature. The correction factor to the trilon B solution 
concentration, prepared from the canopy, is set on a magnesium 
sulphate solution. The solution from GSO composition of trilon 
B or standard titer (fixation) of trilon B is prepared following the 
instructions for use, diluting it to the required concentration. 
The analysis of samples for full anionic and cationic composition 
was carried out in the Test Center for Potable Water and 
Wastewater “Rosvodokanal Krasnodar” (Krasnodar Vodokanal 
LLC). 

Besides, the incidence rate of the digestive system diseases 
and oncology were compared with the sampling site. It assumes 
that residents of Krasnodar city districts that are adjacent to 
highly contaminated wells (with heavy metals) might have 
a higher incidence of the gastrointestinal tract diseases, such as 
gastritis or poisoning with heavy metals, and oncology compared 
to residents of those districts, where water quality meets sanitary 
standards. For this purpose, statistical data from three city 
primary health-care facilities (hospitals) were used. The pre-
valence of the digestive system diseases and oncology was 
expressed in % of the total number of residents compared to 
the level of contamination. The final correlation coefficient 
between these parameters was calculated. 

The data obtained were recorded in the Microsoft Excel 
2013 database. The statistical processing of the data was 
performed through the Statistica v. 7.0 program. For the analysis, 
the arithmetic mean number and the mean error were calculated 
for each of the parameters. The significance of differences 
between features was proved through the t-test for independent 
samples. The minimum acceptable level of significance was 
p ≤ 0.05. To reveal the similarity between aquifers by parameters 
of solid residue, hardness, and water content, cluster analysis 
(Ward method) was performed. Pearson’s correlations between 
these parameters were also calculated. 

RESULTS AND DISCUSSION 

Based on the results of determining the level of water hardness, 
solid residue, and water abundance indicator, a significant 
difference between aquifers was established (Fig. 2). Comparing 
the results by water parameters from samples from different 
aquifers is possible as the samples were taken at different depths 
and in different wells. 

Thus, the water abundance between the layers of the 
Quaternary and Cimmerian stages is seven times as different 
(p ≤ 0.001) towards the latter, the hardness between the same 
horizons is ten times as different (p ≤ 0.001) towards the 

Quaternary stage and three times as different (p ≤ 0.05) in terms 
of solid residue. Thus, the water hardness and water abundance 
index vary mostly between the vertical layers. 

A strong positive correlation between the solid residue and 
the hardness values (Pearson correlation 0.93, p ≤ 0.05), and 
a negative correlation between water abundance and solid residue 
values (Pearson correlation –0.83, p ≤ 0.05), as well as between 
the hardness and water abundance values (Pearson correlation – 
0.81, p ≤ 0.05) was recorded. Thus, the deeper the aquifer is, the 
lower the hardness and solid residue parameters and the bigger 
the water abundance parameters. This pattern naturally extends 
to certain depths and can vary essentially from region to region. 
Due to the higher water abundance of lower horizons, vertical 
water migration to upper layers is possible. 

The cluster analysis results show that all five stages can be 
divided into three clusters (Fig. 3). 

The first cluster includes one stage, the Quaternary, which 
differs significantly from all other indicators. The second cluster 
includes three stages – the Apsheronian, the Akchagylian, and 

Fig. 2. Average values of water abundance, hardness, and a solid residue 
of water from wells depending on the depth; source: own study 

Fig. 3. Results of cluster analysis based on the principle of 
similarity between five aquifers: 1 = the Quaternary (anthro-
pogenic) stage, 2 = the Apsheronian stage, 3 = the Akchagylian 
stage, 4 = Kuyalnician stage, 5 = the Cimmerian stage; source: 
own study 
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Kuyalnician, similar to hardness, solid residue, and water 
abundance parameters (Fig. 3). Finally, the third cluster includes 
one stage, the Cimmerian, which demonstrates the minimum 
values of hardness and solid residue and maximum water 
abundance. Such grouping into clusters coincides with the 
method adopted for sampling and their subsequent assemblage 
by three depth marks for each well. 

When comparing the average values of the studied 
parameters of potable water quality in wells in Krasnodar city, 
the water quality was established to meet generally accepted 
sanitary standards (Tab. 2). 

Groundwater in water depths starting from 50 m is fully 
compliant with sanitary and MAC standards set by SanPiN 
Regulations [Postanovleniye ... 2021]. Over three years, no 

Table 2. Average values of surveyed water quality parameters in wells of Krasnodar city in 2016 and 2019 

Parameter MAC values according to SanPiN 
[Postanovleniye ... 2021] 20161) 20191) 

Odour qualities, on a scale ≤2 0 0 

Gustatory qualities, on a scale ≤2 0 0 

Average temperature (°C) – 14.6 16.1 

Colour, gradient ≤20 0 < 5.0 

Turbidity (mg·dm–3) 1.5≤2.0) <0.53 <0.55 

Value of pH 6–9 7.94 8.01 

Solid residue (mg·dm–3) ≤1000 430 400 

Total hardness (mmol·dm–3) 7–10 2.7 2.8 

Alkalinity (mmol·dm–3) – 4.7 5.2 

Oxidation (mg·dm–3) (hereinafter) ≤5.0 0.9 1.5 

Contents of oil products <0.1 <0.07 <0.07 

Phenol content <0.25 <0.01 <0.01 

Ammonia concentration ≤2.0 0.37 0.56 

Iron concentration ≤0.3 <0.17 <0.18 

Cadmium concentration ≤1.0 <0.003 <0.002 

Potassium concentration – <0.6 0.7 

Calcium concentration – 39.1 38.4 

Magnesium concentration – 9.9 8.5 

Manganese concentration 0.1–0.3 0.06 0.07 

Copper concentration <1.0 <0.03 <0.02 

Molybdenum concentration <0.25 <0.0005 – 

Arsenic concentration ≤0.05 0.009 0.008 

Sodium concentration ≤200 87.9 89.9 

Concentration of nitrate anions <45 <15.0 <17.0 

Concentration of nitrite anions ≤3.0 <0.07 <0.09 

Concentration of phosphate anions ≤3.5 0.67 0.76 

Lead concentration <0.03 <0.002 <0.003 

Silicon concentration ≤10.0 6.7 7.9 

Strontium concentration <7.0 0.90 0.87 

Concentration of sulphate anion <500 147 129 

Fluorine concentration ≤1.2 0.39 0.33 

Chlorine concentration <350 29 31 

Chromium concentration ≤0.05 <0.01 – 

Zinc concentration ≤5.0 <0.1 <0.1 

Hydrogen sulphide concentration ≤0.03 – –  

1) Average values for all 30 wells surveyed in 2016 and 2019 at a sampling depth of 50 m. 
Explanation: MAC = maximum allowable concentration. Parameters from "Content of oil products" to "Hydrogen sulphide concentration" are expressed 
in mg·dm–3. 
Source: own study. 
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significant changes in cation and anion concentrations, hardness, 
pH values, and other parameters were recorded. 

However, when comparing water quality parameters from 
samples taken at different depths and in different aquifers, the 
results significantly differed (Tab. 3). As an example, the data on 

three depths of aquifers corresponding to cluster analysis results, 
namely, of the Quaternary, the Apsheronian, and the Cimmerian 
stages, are given. 

Significant differences between the layers of the Quaternary 
stage on the one hand and the Apsheronian and the Kuyalnician 

Table 3. Average parameters of water quality and cationic-anionic composition depending on depth (stage) 

Parameter MAC values according to SanPiN 
[Postanovleniye ... 2021] 

Quaternary stage 
(Anthropogenic) 

Apsheronian stage 
(Apsheron) 

Kuyalnician stage 
(upper Pleistocene) 

Odour qualities, on a scale ≤2 2 1.0 1.0 

Gustatory qualities, on a scale ≤2 2 1.0 1.0 

Average temperature (°C)1) – 14.6 12.4 34.7 

Colour, gradient ≤20 15.0 3.0 2.0 

Turbidity (mg·dm–3)1) 1.5 (≤2.0) 2.1 0.3 0.2 

Value of pH 6–9 7.94 8.01 8.90 

Solid residue (mg·dm–3)1) ≤1000 430 400 200 

Total hardness (mmol·dm–3)1) 7–10 11.7 5.8 0.7 

Alkalinity (mmol·dm–3)1 – 4.7 6.6 5.9 

Oxidation (mmol·dm–3) (hereinafter)1) ≤5.0 6.9 0.9 0.6 

Contents of oil products2) <0.1 0.7 0.01 no 

Phenol content2) <0.25 0.23 0.05 0.01 

Ammonia concentration1) ≤2.0 0.78 0.36 2.1 

Iron concentration1) ≤0.3 0.45 0.20 0.25 

Cadmium concentration2) ≤1.0 0.9 0.002 0.002 

Potassium concentration – 0.7 0.5 0.6 

Calcium concentration – 40.1 39.4 45.8 

Magnesium concentration – 9.7 9.5 9.6 

Manganese concentration 0.1–0.3 0.09 0.07 0.08 

Copper concentration1) <1.0 0.4 0.07 0.08 

Molybdenum concentration2) <0.25 0.15 0.07 no 

Arsenic concentration2) ≤0.05 0.07 0.009 no 

Sodium concentration1) ≤200 209 79 75 

Concentration of nitrate anions2) <45 55.0 15.0 1.0 

Concentration of nitrite anions2) ≤3.0 2.9 0.07 0.05 

Concentration of phosphate anions1) ≤3.5 1.9 0.7 0.5 

Lead concentration2) <0.03 0.09 0.009 0.00004 

Silicon concentration ≤10.0 6.7 7.9 5.5 

Strontium concentration <7.0 1.1 0.8 0.6 

Concentration of sulphate anion1) <500 447 429 113 

Fluorine concentration ≤1.2 0.41 0.36 0.31 

Chlorine concentration2) <350 340 50 10 

Chromium concentration1) ≤0.05 0.04 0.002 0.001 

Zinc concentration2) ≤5 1.0 0.1 0.0001 

Hydrogen sulphide concentration1) ≤0.03 0.03 0.001 0.02  

1) The differences are reliable between the level of MAC, the value of the parameter in the Quaternary, the Apsheronian, and the Kuyalnician stages 
(p ≤ 0.05). 
2) The same, p ≤ 0.001. 
Explanation: MAC = maximum allowable concentration. 
Source: own study. 
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stages, on the other hand, were noticed between almost all 
parameters. The exceptions were the concentrations of silicon, 
strontium, magnesium, calcium, potassium, and the pH value. 
The largest differences (p ≤ 0.001) were recorded for chlorine, 
zinc, lead, nitrite and nitrate anion, arsenic, molybdenum, 
cadmium, phenols, and oil products. At the same time, oil 
products, phenols, molybdenum, cadmium, zinc, chlorine, 
arsenic, nitrates, and nitrites are supplied from the surface to 
the layer Quaternary stage. Later, they are infiltrated into the 
underlying aquifers. In the waters of the Cimmerian stage, 
ammonia and hydrogen sulphide are present in high concentra-
tions. However, they do not exceed the MAC values, although 
their drinking attractiveness is lower than that in the waters of the 
Apsheronian stage. 

Groundwater located at depths of up to 50 m does not meet 
the MAC standards set by SanPiN regulations and is not suitable 
not only for drinking but also for agricultural purposes 
[Postanovleniye … 2021]. Starting from the depths above 50 m 
(i.e., from the Apsheronian stage), the water is considered potable 
for the population and usable for agricultural needs. 

Quantitative analysis of wells according to the average water 
quality parameters showed that in 15 wells, the water condition 
met the MAC standards in all layers. In 12 wells, calcium, sodium, 
and magnesium content outnumbered the MAC values by one- 
third. For three wells, an increased concentration of mercury 
(2.2 times above the MAC) and lead (3.5 times) was found. 

The obtained results were compared with the register of the 
cardiovascular system diseases and oncology cases in the 
corresponding city districts, and a positive correlation (0.85) 
was established between the incidence rates and the level of 
phenols, lead, and other pollutants. Thus, the location of the well 
and the poor quality of water in it can determine an increased 
number of cardiovascular and oncological disorders. However, 
this area requires further detailed research efforts. 

The results obtained demonstrate significant variability of 
water hardness indicators, concentration of mineral and other 
compounds (including pollutants) depending on the depth of the 
aquifer. It was established that pollutants cannot penetrate 
significant depths, which determines the greater value of 
groundwater compared to subsurface or surface waters. The 
results obtained in this research can be used for alike studies both 
in regions with similar bedrock and different geological 
structures. Geological horizons of different eras (Mesozoic, 
Paleozoic, etc.) might have different indicators of both water hard-
ness and mineral content, whereas also indicators of water 
migration between horizons may vary. Accordingly, these 
horizons will be differently permeable for pollutants. It would 
be interesting to perform similar studies in other regions and 
compare them with the results of this work. 

The supply of the population with quality freshwater is one 
of the most relevant tasks in modern society [YAN et al. 2017]. 
The situation with water resources, including groundwater 
resources, may vary significantly from country to country. Thus, 
European countries use 2–5 m3 of water per inhabitant, Germany, 
and Sweden – 2.5, France – about 3.5, and in Great Britain, water 
consumption per capita amounts to 5 m3. For Ukraine, this 
indicator is minimal and accounts for only 1 m3 per inhabitant 
[ARENDAL 2002]. 

The Russian Federation is one of the countries with quite 
splendid reserves of freshwater, including groundwater. Water 

consumption per inhabitant is 5.9 m3 (data for the European 
part). Such plentiful water resources imply the need for 
monitoring to ensure that it meets established quality standards 
[Postanovleniye ... 2021]. 

Water pollution is one of the most important factors affecting 
human health, and, at the same time, human activity is a major 
factor contributing to the deterioration of water. The pollution can 
be related to natural and anthropogenic factors. In the case of 
natural pollution, water is treated through cleansing mechanisms, 
and for the case of anthropogenic pollution, these processes cannot 
cope with the increasing pressure on water bodies. Increased 
contamination (>10 MACs) and extremely high pollution (>100 
MACs) account for a growing share of groundwater pollution cases 
noted worldwide [EPA 2014; HEISIG, SCOTT 2013]. 

The study revealed that the upper layer of rocks corre-
sponding to the Anthropogenic stage is the most affected by 
human activity. The chemical composition of water depends 
largely on the composition of rocks in which it is located [BRADY 

et al. 1998]. Therefore, pollutants enter the water by accumulating 
in the upper layers [HARKNESS et al. 2017]. The migration of 
pollutants to aquifers below 50 m is difficult, so groundwater 
from this depth is suitable for human consumption and 
agricultural use. The hardness of water and solid residue also 
decreases with depth. 

It is known from literature data that in most cases, 
groundwater that recharges springs at the surface in water depths 
up to 10 m [HAASE et al. 2019]. Based on the unsuitability of 
groundwater from this depth in Krasnodar city for drinking and 
agricultural needs, water from springs is not suitable for use by 
the population as well. 

Some pollutants, such as nitrates and nitrites, are char-
acterised by seasonal variations in concentration. The minimum 
concentration of nitrates is observed in summer, and the 
maximum – in April and October [DOMAGALSKI, JOHNSON 2011]. 
Such changes in the content of nitrates and other pollutants are 
primarily due to industrial contamination and agricultural and 
household pollution. Among the indicators affecting human 
health are salinity, hardness, oxidation, the concentration of 
nitrates, sulphates, chlorides, strontium, cadmium, mercury, and 
lead [CRAVOTTA et al. 2017]. 

In the case of low mineralisation of water, namely, up to 
50 mg·dm–3, stomach function disorders and imbalance of water 
and salt metabolism might develop. The hardness is considered 
acceptable on the level of up to 7 µeq·dm–3, and its increased 
values might cause a general disruption of the digestive system 
and disorders of water and salt balance in the body. At an increase 
of the oxidation parameter, the spectrum of disorders in 
organisms enlarges to kidney nephrosis, irreversible liver changes, 
decreased reproductive function, and malfunctioning of nervous 
and immune systems. If permanganate oxidation indices are 
higher than 5 mg·dm–3, boiling is required. Phenols and their 
derivatives in groundwater may form chlorophenol compounds 
at the chlorination of water. Phenols are considered even in small 
concentrations in water (0.25 mg·dm–3). The values close to MAC 
standards were obtained when analysing the Quaternary ground 
waters adjacent to the surface [COZZARELLI et al. 2017]. 

The increased concentration of lead causes damage to the 
circulatory and cardiovascular systems, cadmium, and chromium 
incite nephrosis of the kidneys, copper affects the gastrointestinal 
tract, mercury promotes the deterioration of the nervous system 
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blood vessels, and zinc harms the work of the muscles. All these 
substances were found in the underground waters of the 
anthropogenic layer adjacent to the surface. Moreover, the 
indicators of water quality from this layer do not meet Sanitary 
Regulations and the requirements of the World Health Organiza-
tion [WHO 2007]. Therefore, in regions with a high level of 
pollution, the groundwater from depths up to 50 m is not 
recommended for drinking and agricultural needs. 

CONCLUSIONS 

The established patterns can be used as recommendations for 
extracting water from aquifers of different depths. First of all, it 
concerns regions with similar geological structure. It has been 
found that subsurface waters up to 50 m do not meet the 
maximum allowable concentration (MAC) standards for a number 
of indicators, and, thus, cannot be recommended as safe for 
drinking or appropriate even for agricultural purposes. Such 
waters are suitable only for technical use, requiring some 
treatment measures. Undoubtedly, it would be interesting for 
both engineers and geochemists to perform similar studies in 
other regions. It seems possible to conduct a series of studies in 
cities with different populations, different industrial structures, as 
well as the different occurrence of aquifers. The results obtained 
could be combined into a common database of patterns for 
a better understanding of how deep pollutants can penetrate and 
from what depth water can be extracted for the drinking needs of 
the population, as well as for agricultural activities. 

The study performed allowed establishing the vertical 
distribution of toxic wastes (lead, nitrate, cadmium, zinc, and 
nitrite anions) depending on the depth of the aquifer. Thus, at 
depths up to 50 m, the concentration of most pollutants exceeds 
the MAC values by 5–10 times, which accounts for a high level of 
contamination. Such data were recorded for lead, phenols, 
chlorine, zinc, nitrite and anion nitrate, arsenic, molybdenum, 
and cadmium. All these compounds are highly hazardous to the 
health of the population. For water quality indicators, such 
as hardness and solid residue, a negative correlation (–0.84) 
between their values and depth of the layer was obtained. 

Thus, the value of hardness and solid residue decreases with 
depth. In terms of a difference in hardness values, the layer of the 
Cimmerian stage outnumbers seven times (p ≤ 0.001), and that of 
the Quaternary stage exceeds ten times (p ≤ 0.001). For solid 
residue values, a difference of three times (p ≤ 0.05) towards of the 
Quaternary stage aquifer is stated. Maximum variability between 
the vertical stages is noted for the hardness and water abundance. 

A strong positive correlation between the solid residue and 
the hardness values (0.93, p ≤ 0.05) was established. On the 
contrary, a negative correlation emerged between water abun-
dance and the solid residue values (–0.83, p ≤ 0.05) and 
between hardness and water abundance (–0.81, p ≤ 0.05). It 
assumes that the deeper the aquifer is, the lower the hardness and 
solid residue values in groundwater samples and the greater the 
water abundance. This pattern extends to particular depths and 
may vary significantly from region to region. The higher water 
abundance of the lower horizons contributes to vertical water 
migration to the upper layers. Migration of water from the lower 
layers to the upper ones disables the pollutants from moving in 

the opposite direction and maintains water quality and quantity 
parameters. 
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