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SUMMARY 

The publication is devoted to the study of dynamics of ionic composition of potable 

groundwater of the Shostka deposit (according to the monitoring observations of one 

operational and two reserve wells). The authors analyzed fluctuations over time in the 

concentrations of cations and anions during a long period of operation (1991–2017). The 

actual material was analyzed and calculated using mathematical statistics, in particular, the 

construction of diagrams was performed, as well as graphical processing of groundwater 

chemical analysis data was performed using the specialized software tool Grapher. As a result 

of calculations and constructions, it was established that no significant changes in the ionic 

composition of groundwater occurred during the observation period. The largest range of 

fluctuations in cationic and anionic composition was recorded in well №7. The authors 

explain this phenomenon by three groups of factors: local (hypsometric position of the well), 

regional (location of piezometric levels and direction of groundwater flow), and global 

(climatic changes associated with warming). Recommendations have been developed 

regarding the frequency of monitoring the physico-chemical and sanitary-bacteriological state 

of water in well №7. 
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Introduction 

 
The research's object is the potable groundwater Shostka deposit section, which is located in the 

northeastern part of Shostka city, Sumy region, in the Kapsul micro-district. Geographically, the 

territory is located within the Ukrainian Polissia, confined to the left bank of the Dnieper plain. 

Geomorphologically, the territory of the Shostka deposit is located on the left bank of the Shostka 

River, a left tributary of the Desna River, within the glacial plain, the origin of which is connected 

with the Dnieper glaciation. The shortest distance from the production wells to the river is 1250-

1500 m. The topography of the site is flat, with a slope in the southwest direction. Absolute surface 

marks are 145-163 m (Environmental impact assessment report, 2018). 

 
The main source of water supply in the Sumy region is the groundwater of the Dnipro-Donetsk 

artesian basin, which is the largest in Ukraine (Koshliakova et al., 2020), and the surface waters of the 

Dnipro River basin within the basins of four tributaries: the Desna River, the Sula River, the Psel 

River, the Vorskla River. Groundwater is used for water supply to the population in cities and 

villages, as well as for water supply to industrial and agricultural enterprises. The rivers serve as a 

source of technical water supply for industrial enterprises in various cities of the Sumy region, as well 

as for irrigating the homesteads of horticultural societies and the lands of agricultural enterprises. 

 

The water intake of the experimental site of the potable groundwater Shostka deposit is located in the 

northeastern part of Shostka city – the district center of the city of Sumy, on the right bank of the 

Shostka River. The hydrographic network belongs to the Dnipro River basin. The main water artery 

here is the Desna River with its tributaries – the Shostka River and the Ivotka River. In general, the 

water intake consists of 7 wells installed on the aquifer of the fractured zone of the marl-chalk layer of 

the Upper Cretaceous, the depth of the wells is up to 90 m. Currently, only one well is being operated 

– №4a, two more are in reserve (№2 and №7). Groundwater is used for potable, sanitary, hygienic, 

and production needs. 

 
Method and Theory 

 

To prevent depletion of the productive aquifer and to control water quality, a program of monitoring 

observations is carried out at the water intake of the experimental site of the potable groundwater 

Shostka deposit. In particular, the general chemical control of quality indicators of groundwater from 

wells is carried out once a quarter, and the control of specific components is carried out by the Central 

Laboratory of the State-owned Enterprise "Pivdenukrheolohiya" (Dnipro city) once a year. The 

bacteriological analysis is carried out by the Shostka inter-district department of the State Institution 

"Sumy Regional Laboratory Center of the Ministry of Health of Ukraine" – once a quarter. External 

control of the main indicators of the chemical composition is carried out once a year by the previously 

mentioned department too (Environmental impact assessment report, 2018). 

 

The authors analyzed the results of monitoring studies of the ionic composition of groundwater for 

three operational wells: №2, №4-a, and №7 for the period from 1991 to 2017 (Figure 1). 

 

For data processing, the methods of mathematical statistics, construction of diagrams, as well as 

graphic processing of groundwater chemical analysis data, performed with the help of the specialized 

software tool Grapher, were applied. 
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Figure 1 Overview cartographic scheme of the research area: red lines depict the piezometric levels 

of the aquifer of the fractured zone of the marl-chalk stratum of the Upper Cretaceous, the 

operational wells under consideration are highlighted in yellow (Environmental impact assessment 

report, 2018) 

 
Results 

 
According to the chemical composition, the water from the aquifer of the fractured zone of the marl-

chalk stratum of the upper chalk is hydrogen carbonate calcium (Figure 2), exceeding the MPC of 

ions according to domestic standards (Sanitary Regulations and Norms 2.2.4-171-10 and State 

Standard 7525:2014) is not fixed. The water meets sanitary requirements and can be used both for 

technical and potable water supply. The sensitivity of analytical laboratory methods used to determine 

the concentration of cations and anions (trilonometric, potentiometric, flame-photometric) is quite 

high (for Ca and Mg – 1000 μg/dm
3
, SO4 – 100 μg/dm

3
, Cl, Na+K – 10 μg/dm

3
), even taking into 

account the measurement error, the range of values does not reach the limit values. 

 

The authors analyzed fluctuations over time (during 1991–2017) in the concentrations of cations and 

anions in water from wells №2, №4-a, and №7. The following results were obtained (the most 

representative histograms of concentration changes are presented in Figure 3): 

 

Ca. The average content for three wells is 87,27 mg/dm
3
. The largest range of values is observed in 

well №7 (Ca concentration ranges from 49,1–96 mg/dm
3
). The highest average value was recorded in 

well №4-a (94,7 mg/dm
3
). 

 

Mg. The average content for three wells is 8,51 mg/dm
3
. Significant fluctuations are observed during 

the observation period. The lowest average value was recorded in well №7 (7,54 mg/dm
3
). A decrease 

in Mg concentration has been noted since 2017. 
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Figure 2 Graphic representation of the general chemical composition of water from the aquifer of the 

fractured zone of the marl-chalk stratum of the Upper Cretaceous (Piper trilinear diagram 

constructed from the averaged data (as of 2017) of the general chemical analysis of water from wells 

№2, №4-a, and №7)  
 

 
Figure 3 Diagrams of changes in Ca, Mg, Cl, and HCO3 concentrations during 1991–2017 (red – 

well №2, yellow – well №4-a, green – well №7) 

 
Na+K. The average content for three wells is 7,35 mg/dm

3
. Fluctuations in concentrations during the 

observation period are insignificant. An exception is well №7 (range of values is 4,6–9,2 mg/dm
3
). 

The lowest average value was also recorded in well №7 (5,75 mg/dm
3
). 
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Cl. The average content for three wells is 10,91 mg/dm
3
. The highest average value was recorded in 

well №7 (11,82 mg/dm
3
), and for this well, a significant decrease in Cl concentration was recorded 

from the beginning of the observation period (concentration range is 7,2–17,7 mg/dm
3
). 

SO4. The average content for three wells is 9,5 mg/dm
3
. Significant fluctuations are observed during 

the observation period. The largest range of values was recorded in well №7 (2,8–11,3 mg/dm
3
). The 

highest average value was recorded in well №4-a (12 mg/dm
3
). 

HCO3. The average content for three wells is 295,6 mg/dm
3
. Fluctuations in concentrations during the 

observation period are insignificant. The highest average value was recorded in well №4-a 

(302,7 mg/dm
3
). 

 

Conclusions 

 
In general, it can be stated that no significant changes in the ionic composition of groundwater 

occurred during the observation period. The largest range of fluctuations in the cationic and anionic 

composition is recorded in well №7. This phenomenon can be explained by its location. Well, №7 is 

hypsometrically higher than wells №2 and №4-a. The depth of the piezometric level in it is less than 

in other wells, therefore, the groundwater here is less protected from contamination from the surface. 

The specifics of the hydrodynamic structure of the flow can also cause fluctuations. The Shostka 

River serves as a local groundwater discharge zone, and elevated areas, which include the location of 

well №7, serve as the recharge zone. Also, such variability in the composition may still be associated 

with global warming, because according to the testimony of experts (Pittock et. all., 2016, Green, 

2020), the conditions of large-scale climatic changes in the groundwater of certain regions of the 

world, there is a tendency to shift the cation-anion ratios, in particular from sodium bicarbonate to 

calcium bicarbonate composition. 

 

Taking into account the above, to control the quality of groundwater and the causes of fluctuations in 

its chemical composition, during further monitoring studies, the authors recommend monitoring the 

physico-chemical and sanitary-bacteriological state of water in well №7 more often, namely, 

conducting chemical control of quality indicators – 1 once a month, control of specific components – 

once a quarter, bacteriological analysis – once a month. 

 
Monitoring and control of the impact on the environment during the operation of the experimental site 

of the potable groundwater Shostka deposit should include both direct control of the physico-chemical 

and sanitary-bacteriological condition of the extracted water, as well as ensuring the necessary 

measures to prepare potable groundwater for use by the existing regulatory requirements, accounting 

for the amount of extracted water and control over compliance with established potable groundwater 

consumption standards by consumers. 
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