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© Abstract. The assessment of groundwater and surface water conditions in areas of depleted salt deposits is a crucial
component of monitoring studies due to the significant anthropogenic impact of objects such as tailings ponds, sludge
accumulators, and the Dombrovskyi Quarry. The aim of the study was to establish, based on real experimental data from
hydrogeochemical analyses of long-term groundwater monitoring via a network of hydrogeological observation wells,
the areas of groundwater salinisation in the Kalush mining and industrial region, to assess the dynamics of chemical
and physico-chemical indicators, and to identify threats to the region’s ecological situation. The research stages included
the systematisation of monitoring data for 2021-2023, the creation of digital cartographic layers and attribute databases
with quantitative data on groundwater chemical composition, geoinformation modelling, and the development of
salinisation maps of the Kalush mining and industrial region and the dynamics of the aquifer salinisation. In 2023,
hydrogeochemical studies were conducted in the Kalush mining and industrial region with the collection of 25 samples
from observation wells, the Dombrovskyi Quarry, sludge accumulators, and the Limnytsia River. Water mineralisation and
chemical composition were analysed. The study results showed the highest levels of mineralisation in the waters of sludge
accumulator No. 3 and tailings pond No. 2, where mineralisation levels exceeded maximum allowable concentrations by
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140 and 110 times, respectively. Chloride and sulphate contents in these objects also significantly exceeded permissible
standards. A comparison of data for 2022 and 2023 revealed a significant increase in pollutant concentrations in several
wells, confirming the continued negative impact of anthropogenic objects. Meanwhile, water quality in the Limnytsia
River remained stable. The value of the study lies in evaluating the environmental condition of groundwater in the Kalush
mining and industrial region based on the systematisation of hydrogeochemical monitoring data through observation

wells using geoinformation modelling approaches

© Keywords: depleted salt deposits; observation wells; groundwater; geoinformation system; modelling

@ Introduction

Depleted potash and rock salt deposits frequently create a
complex environmental situation with a range of ecolog-
ical challenges. In Ukraine, notable examples include the
Stebnyk, Kalush-Holyn, and Solotvyno salt deposits. Key
environmental issues arising from these sites include soil
and water contamination, surface subsidence, collapses
above mines, disruption of the groundwater and surface
hydrosphere regimes, the generation of mining waste in
the form of tailings ponds and sludge storage facilities,
erosion and land degradation, as well as biodiversity loss.
These environmental problems resulting from salt deposit
exploitation have been extensively documented in scien-
tific research.

Y. Khomyn et al. (2019) identified the environmental
risks associated with highly mineralised saline brines and
proposed their disposal using depleted hydrocarbon ex-
traction wells. Additionally, researchers V. Dyakiv (2022)
and L.Ya. Sapuzhak (2023) examined the issue of activated
subsidence and collapse phenomena in depleted salt de-
posits. These phenomena arise from the voids formed after
raw material extraction via underground mining methods.
Abandoned mines can collapse, causing ground surface
subsidence and posing significant risks to infrastructure
and human safety.

The hydrogeological situation plays a crucial role in the
environmental challenges associated with depleted salt de-
posits, often exacerbated by the intrusion of groundwater
into mining workings. E.D. Kuzmenko et al. (2018; 2020)
explored the application of geodetic and geophysical mon-
itoring over abandoned underground workings to forecast
surface subsidence dynamics. They proposed a comprehen-
sive research framework enabling the prediction of defor-
mation processes. Similarly, A. Zhang et al. (2018) and
M. Pakshyn et al. (2020) examined deformation processes
above depleted mine workings using remote sensing data,
particularly radar interferometry. P. Zhyrnov et al. (2021)
classified zones prone to hazardous natural and anthropo-
genic processes within the influence areas of mining infra-
structure in the Kalush-Holyn Potash Deposit.

Groundwater regime disturbances, including the inflow
of freshwater and intensified water exchange, can activate
hazardous exogenous geological processes, notably karst
phenomena. Monitoring and modelling the progression of
these processes are vital for predicting their activation. Fur-
thermore, L. Davybida et al. (2020) and A. Stroj et al. (2020)
emphasised the significant influence of groundwater
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regime dynamics on the development of hazardous geo-
logical processes. Mining waste, containing residual salts
and other chemicals, poses additional environmental risks.
Improper storage and exposure to atmospheric factors can
lead to environmental contamination. C. Li et al. (2020)
and A. Zaryab et al. (2021) highlighted the increased
salt concentrations in surface and groundwater as a ma-
jor threat. This escalation significantly deteriorates water
quality, potentially causing water supply issues for local
communities and adversely affecting aquatic ecosystems.

Most large potash salt deposits face similar environ-
mental challenges, including water and soil contamination,
land erosion, the formation of underground cavities, and
biodiversity loss. Assessing the condition of groundwater
and surface water in areas associated with both active and
depleted mineral deposits is a critical component of com-
prehensive monitoring studies. Such evaluations enable
the tracking of mining activities’ impacts on the hydrolog-
ical situation, ensuring the timely detection of changes in
water composition and potential environmental threats.
Given that mining operations or the closure of deposits
can significantly influence the surrounding environment,
monitoring provides essential data for the development of
conservation measures aimed at minimising risks to water
quality, public health, and the overall ecological stability of
the region. This research focused on assessing the dynam-
ics of chemical and physicochemical indicators and the po-
tential threats to the environmental situation in the area.
The primary objective was to identify zones of groundwa-
ter salinisation in the Kalush mining and industrial district,
based on real experimental data obtained from long-term
hydrogeochemical monitoring conducted through a net-
work of hydrogeological observation wells.

© Materials and Methods

Annual environmental monitoring is conducted in the
Kalush mining and industrial district to assess the salinity
levels of surface and groundwater, as well as the subsidence
zones above the former Kalush, Holyn, and Novo-Holyn
mines. Particular attention is given to Quaternary aqui-
fers, which serve as sources of drinking water for the local
population. Quaternary deposits in the area include delu-
vial sediments, Lower Quaternary alluvial deposits, Middle
Quaternary alluvial deposits, Upper Quaternary alluvial
deposits, and modern alluvial deposits. The study involved
hydrogeochemical investigations through a network of

Ecological Safety and Balanced Use of Resources, 2024, Vol. 15, No. 2



observation wells, geodetic monitoring of land subsidence,
and geophysical surveys to identify potential zones of sub-
sidence and surface collapse. In the QGIS environment,
the inverse distance weighting (IDW) interpolation meth-
od was used to analyse data and create cartograms. Using
QGIS and GRASS GIS modelling modules, maps were gen-
erated to visualise changes in salinity and concentrations
of specific substances in the observation wells across the
Kalush mining and industrial district.

To monitor salinisation zones and determine the de-
gree of groundwater salinity, wells equipped with Ukrain-
ian-made filters capable of sampling from the first aquifer
were utilised. This aquifer comprises gravel deposits, lies at
depths ranging from 0.5 to 13 m, and has a thickness of sev-
eral to 12 m. Groundwater sampling for hydrogeochemical
monitoring was performed through a network of observa-
tion wells. Most of these wells — 20 in total — were installed
in 2019 by Noosphere LLC, although some of them are
no longer operational. Additional samples were collected
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from wells established during the operational period of the
Kalush Potash Plant.

The water sampling methodology from observation
hydrogeological wells followed standard procedures to
obtain representative and accurate data on groundwater
composition. The primary steps of the sampling process in-
cluded the preliminary cleaning of the well by pumping out
three volumes of water. This ensures the collection of fresh,
non-stagnant water, which better reflects the current state
of the groundwater aquifer. A valve-type sampler was used
for the collection of samples. In 2023, samples were taken
from 19 observation wells in the monitoring hydrogeolog-
ical network of the Kalush mining and industrial district,
as well as from hazardous technogenic objects, including
the salinisation zones of the groundwater aquifer — such as
the Dombrovskyi Quarry, tailings pond, tailings dam No. 2,
drainage trench, and the Limnytsia River. A total of 25 sam-
ples were collected. The locations of the objects from which
the samples were taken are shown in Figure 1.
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Figure 1. Cartogram of the study area and the network of observation wells
Source: developed by the authors based on ArcGIS (n.d.), Bing Maps (n.d.), Google Maps (n.d.)

Chemicaland physicochemicalindicators,including the
content of salts and chlorides, were determined in the sam-
ples. These indicators are crucial for assessing the condition
of the water, as highly mineralised waters and runoff may
penetrate groundwater aquifers and the Limnytsia River,
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which serves as a source of drinking water for the city of
Kalush and flows into the Dniester River, a transboundary
waterway. The analysis of the test results was carried out in
accordance with the hygienic standards approved by Order
of the Ministry of Health of Ukraine No. 721 (2022). The
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determination of chemical and physicochemical parame-
ters was performed at the water monitoring laboratory of
the Western Region of the Dniester River Basin Water Re-
sources Authority using the following instruments: Ulab
102 HD spectrophotometer (China), Horiba Ltd Lagua-pH
meter PC 1100 (Japan), and Horiba Ltd Lagua-conductom-
eter PC 1100 (Japan).

© Results and Discussion
The results of the study confirmed a high salt content in the
sludge reservoir, tailings pond, and Dombrovskyi Quarry.
With the maximum allowable concentration (MAC) of
salts in water set at 1,000 mg/dm?, the mineralisation lev-
els of the water in tailings pond No. 3 were found to be 140
times higher than the norm, reaching 140,800 mg/dm?; in
tailings pond No. 2, it was nearly 110 times the norm at
110,840 mg/dm?; and in the Dombrovskyi Quarry, it was
almost 20 times the norm at 19,600 mg/dm”®. The qualita-
tive composition of the water is characterised by the pres-
ence of chloride and sulfate salts. With standard values of
chlorides at 350 mg/dm® and sulfates at 500 mg/dm?, the
samples taken from tailings pond No. 2, the sludge reser-
voir, and the Dombrovskyi Quarry showed exceedances of
the established MAC. Chloride concentrations exceeded
the MAC by 110.4, 147.3, and 25.6 times, respectively, and
sulfate concentrations by 26.2, 42.4, and 3.9 times. These
indicators were also high in the drainage trench, where
mineralisation exceeded the MAC by 3.8 times, chloride
content by 3.7 times, and sulfate content by 1.3 times.
The ionic composition of the water clearly shows higher
than the standard values of calcium and magnesium salts.
The study of the samples taken from the wells in the
Kalush district revealed that the highest concentrations
of salts were found in well No. 9: the mineralisation level
was 59,900 mg/dm?, sulfates were 14,900 mg/dm?®, chlo-
rides were 21,766 mg/dm?®, calcium was 1,804 mg/dm?,
and magnesium was 1,798 mg/dm®. Additionally, in five
samples, the sulfate content ranged from 1,351 mg/dm? in
well No. 8 to 6,419 mg/dm? in well No. 13, exceeding the
MAC by 2.7 to 12.8 times, respectively. Chloride levels ex-
ceeding the MAC were recorded in five samples, with the
highest concentration found in well No. 65 at 13,542 mg/
dm?, which is 38.7 times the norm. The lowest chloride
concentration was found in well No. 6 at 16 mg/dm®. In
13 samples (No. 4, 6, 7, 10, 12, 15, 17, 20, 24, 61, 74, 75,
and 212), the salt, sulfate, and chloride levels were within
the MAC limits. In four samples, the calcium and magne-
sium content exceed the standard values of 200 mg/dm?®
and 50 mg/dm?, respectively. In sample No. 8, the calci-
um content is 523 mg/dm?, which is 2.6 times the MAC.
In sample No. 11, the calcium content is 1,209 mg/dm?,
which exceeds the MAC by 6 times, and magnesium is
1,067 mg/dm?, exceeding the MAC by 21.3 times. In sam-
ple No. 13, calcium is 303 mg/dm?, which is 1.5 times the
MAC. In sample No. 65, calcium is 1,230 mg/dm?®, which
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exceeds the MAC by 6.2 times, and magnesium is 533 mg/
dm?, exceeding the MAC by 10.7 times.

Biogenic elements - ammonium ions, nitrites, ni-
trates, and orthophosphates — were also analysed. The
results confirmed contamination with biogenic elements
in the tailings pond No. 2 and the sludge reservoir, where
ammonium ion concentrations exceeded the MAC by 3.7
and 2.1 times, respectively, and nitrate ions in the sludge
reservoir exceeded the MAC by 1.3 times. Among the
wells, ammonium ion concentrations exceeded the MAC
in three samples: No. 9, 11, and 13. Ammonium ion con-
centrations ranged from 0.52 mg/dm® in sample No. 124
to 29 mg/dm? in sample No. 13, which is 11.3 times the
MAG, 22 mg/dm? in sample No. 11 (8.6 times the MAC),
and 9.3 mg/dm” in sample No. 9 (3.6 times the MAC). No
exceedance of the MAC for nitrite ions was found in any
sample, and only one sample, No. 9, showed an exceed-
ance for nitrate ions (1.5 times the MAC).

Toxicological indicators, including manganese, iron,
chromium, and copper, were measured. In tailings pond
No. 2 and sludge reservoir No. 3, manganese concentra-
tions exceeded the MAC by 3.3 and 80 times, respectively.
Iron concentrations in tailings pond No. 2 were 21 times
the MAC and in sludge reservoir No. 3, 2 times the MAC.
In well samples, manganese concentrations exceeded the
MAC in 10 samples. In 4 of these, the exceedance was
slight, with manganese levels ranging from 0.13 mg/dm?®
(1.3 times the MAC) in sample No. 75 to 20 mg/dm® in
sample No. 65, which is 200 times the MAC. The high-
est manganese content was observed in sample No. 13, at
5.7 mg/dm?, which exceeds the MAC by 57 times. The iron
content is high in 13 samples - No. 4, 6,7, 9, 10, 11, 13, 16,
17, 61, 65, 124, and 212 - ranging from 0.36 mg/dm® in
wells No. 17 and 212 (1.2 times the MAC) to 65 mg/dm’®
in well No. 65 (217 times the MAC). The iron content in
sample No. 61 is high at 18 mg/dm?, exceeding the MAC
by 60 times. No exceedance of the MAC for chromium
and copper was detected in well samples.

Testing of a sample from the Limnytsia River for min-
eralisation, according to V. Khilchevskyi’s classification,
confirms that the water is moderately fresh and soft, with a
chemical composition of bicarbonate-sulfate. The salinity
indicators are low and have remained almost unchanged
over an extended observation period. The concentrations
of biogenic and toxicological elements are within normal
ranges. In 2023, laboratory chemical analyses were con-
ducted on samples taken from the monitoring well net-
work, with the same structure as in 2022, except for the
determination of metals using spectrometric methods.
To evaluate the dynamics of substance concentrations in
the water, it is necessary to systematise and compare the
obtained results from 2022 and 2023. The values of min-
eralisation and salt composition for 2022 and 2023, along
with their differences (as a measure of dynamics), are pre-
sented in Table 1.

Ecological Safety and Balanced Use of Resources, 2024, Vol. 15, No. 2
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Table 1. Mineralisation of water samples

No. Indicator Mineralisation, mg/dm?
Sampling location Test results
2021 2022 2023 A

1 Tailings Pond No. 2 83,916 110,840
2 Sludge Accumulation Pond 80,356 140,800
3 Drainage Trench 2,604 3,780 1,176
4 River Limnytsia 189 199 10
5 Dombrovskyi Quarry 20,320 24,829 19,600 -5,229
6 No. 3 783 747
7 No. 4 335 497 662 165
8 No. 5 1,347 1,072
9 No. 6 1,197 504 232 =272
10 No. 7 422 345 220 -125
11 No. 8 3,810 4,421 2,890 -1,531
12 No. 9 23,746 18,164 59,900 41,736
13 No. 10 1,227 3,764 692 -3,072
14 No. 11 1,680 8,474 26,400 17,926
15 No. 12 630 649 359 =290
16 No. 13 2,908 5,199 16,023 10,824
17 No. 15 292 264 297 33
18 No. 16 3,859 8,465 1,740 6,725
19 No. 17 998 886 676 -210
20 No. 19 2,626 4,183
21 No. 20 443 330
22 No. 24 495 381 -114
23 No. 61 852
24 No. 65 29,211
25 No. 74 343
26 No. 75 780
27 No. 124 4,344 5,836 1,492
28 No. 212 707 874 167

Notes: A - difference between 2023 and 2022
Source: compiled by the authors

The comparison of mineralisation and salt composi-
tion indicators between 2023 and 2022 shows significant
fluctuations in concentrations for almost all indicators in
well groups 9, 10, 11, 8 (tailings pond impact zone), 16,
19 (salt heap impact zone), and 13 (accumulating reser-
voir impact zone). In these cases, concentration changes of
greater than or equal to 1 MAC fraction are observed. This
phenomenon is logically explained by the proximity of the
mentioned wells to the corresponding pollution sources of
the aquifer. A significant reduction in overall mineralisa-
tion between 2022 and 2023 is observed in samples tak-
en from the Dombrovskyi Quarry, wells 8, 10, and 16. A
notable increase in overall mineralisation is observed pri-
marily in well 9 (by 41.7 g/1), as well as in wells 11, 13, and
124. High mineralisation (over 29 g/1) was recorded in well

Ecological Safety and Balanced Use of Resources, 2024, Vol. 15, No. 2

65, which was added to the monitoring network this year.
This well is part of the monitoring network of the State En-
terprise Potash Plant. For this well, MAC is also exceeded
for all other components of the salt composition. The well
requires special attention, as it is located to the south of
the research area, between the Dombrovskyi Quarry and
the Limnytsia River. Well No. 16, located 160 m north of
No. 65, shows significantly lower mineralisation, about 1.7
g/l, and a negative concentration trend. This well is part of
the new monitoring network installed by Noosphere. How-
ever, the samples taken from well 16 also exceed the MAC,
though not by tens of times, as is the case for well No. 65.

The analysis of the dynamics of biogenic elements —
ammonium ions, nitrites, nitrates, and orthophosphates -
shows significant increases in concentrations, particularly
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in well No. 9, especially for ammonium and nitrate ions.
An increase in ammonium ion concentration is also ob-
served in well No. 13. Negative changes in concentrations
between 2023 and 2022 are recorded in wells 10, 8 (tail-
ings pond influence zone), 16 (salt heap influence zone),
124, as well as samples from the Dombrovskyi Quarry and
drainage trench.

For toxicological indicators, a comparison of iron
and manganese concentrations was made. In 2023, man-
ganese concentrations exceeded the MAC in wells No. 11,
13, 15, 24, 61, 65 (significantly, by 200 times), 74, 75, 124,
212. However, in 2022, most wells showed a decrease in
concentration, except for wells No. 13 and 15. The high-
est iron content in 2023 was observed in well No. 65, ex-
ceeding the standard by 216 times. High iron levels were
also recorded in wells No. 11, 9, and 61. The year-on-year
dynamics revealed a significant increase in iron content
in samples from wells No. 11, 10, 4, and 16. Most of the
samples taken showed iron concentrations exceeding the
MAC, except for those from the Dombrovskyi Quarry,
drainage trench, and well No. 15.

Assessing the condition of groundwater and surface
water in the areas of active or depleted mineral deposits
is a crucial component of monitoring research. Hydroge-
ochemical studies are especially important because dan-
gerous anthropogenic objects in the Kalush mining-indus-
trial region (tailings ponds, salt heaps, sludge collectors,
Dombrovskyi Quarry) are sources of pollutants for the
region’s surface and groundwater. The use of GIS tools
for modelling processes and assessing the geological en-
vironment provides undeniable advantages. In the work
by L. Davybida & M. Tymkiv (2020), GIS were used to
evaluate the state of the hydrogeological observation well
network and to assess the optimal placement of monitor-
ing wells. GIS cartography allows for the rapid generation
of spatial distribution maps based on attribute tables. In
this study, these maps represent the concentrations of pol-
lutants obtained from the analysis of samples taken from
observation wells. The presence of well coordinates allows
for geocoding the tables with analysis results and generat-
ing the corresponding cartographic layer with attributes in
a GIS environment.

O. Koshliakov et al. (2020) and O. Dyniak et al. (2023)
confirmed that methods of hydrogeological and GIS mod-
elling, based on monitoring hydrogeochemical studies, are
essential as they help more accurately predict the dynamics
of mineralisation and pollution, while considering all key
influencing factors. They utilised spatial analysis and GIS
modelling with the ArcMap toolkit, specifically the Darcy
flow module, for modelling using the water balance meth-
od in the hydrogeological monitoring system for ground-
water deposits. In particular, when interpolating data on
the groundwater hydrostatic level in wells, the IDW meth-
od was used, which assumes that the influence of known
data points decreases with increasing distance from the
measurement location.

The researcher K.I. Sokolchuk (2022) also highlighed
the suitability of using this method in interpolating hy-
drological data, comparing his results with those obtained
using triangulation, spline interpolation, and Kriging. The
IDW interpolation method was also applied in the current
study to interpolate data from well analysis results and
construct corresponding maps. As a result, maps were cre-
ated that marked the research results from 2022 and 2023
(Fig. 2-4). A detailed analysis of specific indicators, based
on their visual spatial distribution in the study area, can be
made from the maps. All the maps share the common fea-
ture that the primary sources of increased pollutant values
are tailings ponds, dumps of quarry No. 1 and No. 4, as well
as areas of subsidence mounds.

Figure 2 presents the results of the analysis for total
mineralisation (g/dm®). As seen in the figure, elevated
mineralisation (greater than 1 g/dm?®) is observed in the
central and western parts of the study area in both 2022
and 2023. In 2022, the highest mineralisation values (over
18 g/dm?) were observed in well No. 9, located southeast
of the tailings pond. In 2023, the mineralisation signif-
icantly increased (by more than 3 times) to nearly 60 g/
dm®. A significant increase in mineralisation is also ob-
served in wells No. 11, 13, and 124 (listed from north to
south), which are located in the western part of the site.
At the quarry, mineralisation decreased by 5.2 g/dm”’.
For well No. 16, located south of the quarry, where an in-
crease in mineralisation was observed in 2022 compared
to 2021, a significant decrease of 6.7 g/dm® is now noted.
The increase in mineralisation in wells No. 11, 13, and
124 should be associated with the influence of the tailings
pond, resulting from the leaching of salts due to atmos-
pheric precipitation. A large halo of salinisation located
to the south of the quarry deserves special attention. It is
associated with well No. 65, which belongs to the obser-
vation well network of the Potash Plant and from which
samples were taken for the first time this year. No such
high mineralisation values were recorded in nearby wells.
Since a high mineralisation value is observed at point
No. 65, the mineralisation isolines on the map are “artifi-
cially” interpolated, and consequently, the boundaries of
the salinisation halo are not accurate. Repeated samples
taken under monitoring conditions from well No. 65 and
others added to the observation network this year will al-
low for more reliable conclusions regarding the minerali-
sation level of the aquifer.

Changes in the concentration of salts were also stud-
ied. Figure 3 shows cartograms of chloride concentration
changes across the area. The results are similar to those
observed for total mineralisation. Significantly higher val-
ues are observed in wells No. 65, 9, 10, 11, 16, 13, and 124.
In the eastern, southeast, and northeast parts of the study
area, no elevated chloride concentrations were recorded -
values were less than 350 mg/dm?, except for well No. 5 in
2022, where elevated chloride levels can be attributed to the
formation of a subsidence sinkhole.
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Figure 2. Cartograms of aquifer mineralisation, g/dm?®, 2022-2023

Source: developed by the authors
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Figure 3. Cartograms of changes in chloride concentrations in the aquifer, mg/dm?, 2022-2023

Source: developed by the authors

The analysis of sulfate mass concentration changes
shows that in 2022, the maximum permissible concentra-
tion (500 mg/dm®) was exceeded in wells located to the
northwest of the Dombrovskyi Quarry (wells No. 8, 9, 10,
11 - tailings pond impact zone) and to the southwest (wells
No. 16, 19 - salt dump impact zone). In 2023, sulfate con-
centrations in wells No. 8, 9, 10, 11 (tailings pond impact
zone) and well No. 16 (salt dump impact zone) decreased.
Notably, well No. 65 showed significantly high sulfate
concentrations. The analysis of calcium concentration dy-
namics revealed two distinct anomalous zones of elevated

calcium concentrations in the aquifer in 2022 and 2023:
one to the northwest of the Dombrovskyi Quarry and an-
other to the southeast. A decrease in calcium concentration
by more than 1,200 mg/dm® was observed in the sample
from the Dombrovskyi Quarry.

Figure 4 shows the distribution of magnesium concen-
trations based on the analysis conducted in 2022 and 2023.
In 2022, magnesium concentrations exceeded the MAC in
wells No. 9, 10, 11 (tailings pond impact zone), well No. 13
(tailings pond and accumulation facilities impact zone),
and wells No. 16, 19 (salt dump impact zone). In the quarry

Ecological Safety and Balanced Use of Resources, 2024, Vol. 15, No. 2 89 \
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sample, magnesium concentration decreased from 1,477
to 379 mg/dm® in 2022 compared to 2021, but in 2023,
it increased to 679 mg/dm® compared to 2022. In 2023, a
clear expansion of the zone of elevated calcium concen-
trations was observed in the northeastern part of the area
(near well No. 9), and likely an “artificial” extension of this

zone to the south of the quarry due to well No. 65, where a
single measurement in 2023 showed significantly elevated
magnesium concentrations. In the planar representation
of salinisation dynamics for the periods 2021-2022 and
2022-2023, the maps of mineralisation differences are pre-
sented (Fig. 5).
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Figure 4. Cartograms of changes in magnesium concentrations in the aquifer, mg/dm?, 2022-2023

Source: developed by the authors
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Figure 5. Cartograms with dynamics of groundwater salinisation

Source: developed by the authors

The dynamics of mineralisation for monitoring ob-
jects can also be traced through the graphs shown in Fig-
ure 6. In the figure, the vertical scale of concentrations is

presented in a logarithmic form, as there is a significant
gap between the minimum and maximum values of min-
eralisation.
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Figure 6. Graph of mineralisation dynamics for monitoring objects

Source: developed by the authors

In 2021-2022, the largest increases in mineralisation
were observed in wells No. 11, 10 - the tailings pond zone,
No. 13 - the tailings pond and accumulation facilities zone,
No. 16, 19 - the salt dump zone. A significant decrease
in mineralisation of more than 5 g/dm® occurred in well
No. 9. At the Dombrovskyi Quarry, during 2021-2022, an
increase of 4.509 g/dm?® was observed, but in 2022-2023,
a decrease of 5.229 g/dm® was recorded. In 2022-2023,
there was a significant increase in salinisation near well
No. 9, with an increase of over 40 g/dm?®, somewhat lower
increases were observed in wells No. 13 and No. 124. A de-
crease in mineralisation was observed south of the quarry
in well No. 16.

Analysis of Figures 5-6 suggests that, over the last year
of observation, mineralisation has changed in a group
of wells that are in the zone of direct influence of tech-
nogenic hazardous objects. The trend towards increased
salinisation persists in wells No. 4, 9, 11, 13, 15, 124, 212,
tailings pond No. 2, sludge collector No. 3, and drainage
trench. The trend towards reduced salinisation is observed
in wells No. 6, 7, 8, 12, 17, 20, and 24. Based on the analy-
sis of the dynamics of mineralisation over the years, some
trends can be traced (Fig. 2; Fig. 5-6). For example, a sig-
nificant increase in mineralisation in 2023 compared to
2022 in the central and western parts of the study area,
especially in well No. 9, where mineralisation increased by
more than three times. In wells No. 13 and 124, located in
the western part of the study area, an increase in mineral-
isation was also recorded, which is related to the influence
of the tailings pond. The salinisation halo located south
of the quarry was identified in well No. 65 (Fig. 2), where
high levels of mineralisation were recorded. Chloride and
sulfate levels vary across the study area and correlate with
mineralisation, with increased levels noted in wells near
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tailings ponds and quarries. This analysis demonstrates
that the main areas of technogenic influence remain the
zones near tailings ponds and quarries, where pollutant
accumulation occurs in groundwater.

Changes in mineralisation in wells depend on a num-
ber of key factors, among which the determining factor for
the conditions of the Kalush-Holyn mining and industrial
region during the post-mining period is technogenic im-
pact — namely the presence of tailings ponds, salt dumps,
and the Dombrovskyi Quarry, as well as subsidence sinks.
Erosion and leaching of salts from salt dumps and tailings
ponds under the influence of atmospheric water are some of
the primary sources of salinisation in groundwater. Leach-
ing of salts and other chemical elements due to precipita-
tion leads to increased mineralisation in adjacent wells.
The danger posed by tailings ponds to the geological envi-
ronment of surrounding areas is highlighted by V. Snityn-
skyi et al. (2021) and Z. Hevpa et al. (2023), with particular
emphasis on the stability of the embankments of tailings
ponds and the importance of continuous monitoring of
the pulp levels and composition. Precipitation accelerates
the process of leaching salts from technogenic dumps and
tailings ponds, contributing to groundwater pollution. The
increase in mineralisation may be associated with intense
precipitation that leads to the active leaching of salts into
the aquifer. As a result, spatial dynamics of salinisation ha-
los can be observed in the studied area. The climatic factor
also plays a significant role in increasing the water level of
the Dombrovskyi Quarry, which may eventually lead to the
penetration of brines into the Quaternary aquifer.

In the study by N. Sosonna et al. (2023), the possibili-
ty of brine leakage from the Dombrovskyi Quarry into the
gravel and pebble aquifer is noted. The results of model-
ling showed that, after 40 years, the area of salinisation in
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the aquifer under the influence of the Dombrovskyi Quar-
ry will expand to 600 m. However, the leakage of brine
from the Dombrovskyi Quarry is not expected to have a
negative impact on the contamination of groundwater in
the area of the Dobrovliany water intake, which is locat-
ed to the south of the study area. Scenarios of flooding
industrial salt extraction areas and their cross-border
implications are presented in the work of S. Stadnichen-
ko et al. (2023), where satellite imagery data were used
to identify potential flooding zones during abnormal pre-
cipitation, and an assessment of water mineralisation in
the flood risk areas was based on monitoring well data for
the Quaternary aquifer. This highlights the need for con-
stant hydrogeochemical monitoring of the observation
well network. The necessity of organising comprehensive
monitoring of the underground hydrosphere is also em-
phasised by B. Stetsenko et al. (2021), citing the example
of the Solotvyn Salt Deposit.

Scientists S. Dovhyi et al. (2019), G.I. Rudko &
E.O. Yakovlev (2020), and S.B. Shekhunova et al. (2021)
highlighted that effective management of environmental
problems at potash salt deposits requires investment in
modern technologies, land reclamation, and continuous
monitoring of the environment. This requires a scientific
and production complex for post-mining activities based
on scientific and technical measures aimed at preventing
hazardous changes in the geological environment. A sig-
nificant number of publications testify to the considerable
negative impact of technogenic objects formed as a result
of mining activities at potash salt deposits on the devel-
opment of pollution and salinisation of groundwater. The
study by Y.O. Malkova et al. (2023) also noted the impact
of the Kalush-Holyn Potash Deposit's salt dumps on the
chemical composition of groundwater. Through statistical
processing of geochemical data, the levels of impact from
potential sources of chemical contamination of groundwa-
ter (water from the Dombrovskyi Quarry, tailings ponds,
sludge ponds, salt dumps, and saline soils) were analysed,
as well as the correlation between heavy isotopes of hydro-
gen and oxygen and groundwater mineralisation.

The quantitative and qualitative values of the physic-
ochemical and chemical indicators in the wells observed
from 2021 to 2023 did not allow for a clear classification
of wells by the probable technogenic source of contami-
nation. On the maps, spatial dynamics of salinisation ha-
los can be observed. Continuing monitoring observations
will allow for the accumulation of time series data for each
well, opening up the possibility of time series analysis.
Modelling changes in mineralisation based on time series
will help to identify long-term trends and predict future
changes using regression analysis methods, autocorrela-
tion models, or machine learning. It will also be possible
to establish dependencies on meteorological and climatic
factors, which directly influence the dynamics of chemical
and physicochemical indicators in monitoring wells.

It is important to note that to obtain more reliable re-
sults for determining contamination zones in the aquifer

based on various indicators, a denser network of obser-
vation wells and a uniform distribution across the area
are required. It is also crucial to collect samples and con-
duct chemical analysis with less frequency, for example,
quarterly, to obtain reliable data. For decision-making,
an integrated management model for the Kalush-Holyn
industrial area during the post-mining stage should be in-
troduced. This model would include the management and
search for optimal methods of monitoring studies and the
development of a set of environmental protection meas-
ures to reduce the negative impact of technogenic factors.

© Conclusions
Technogenic hazardous objects, created as a result of their
operation, can be a source of significant water pollution.
The Kalush mining and industrial district, with numerous
objects such as the Dombrovskyi Quarry, sludge reser-
voirs, and tailings ponds, is one of the regions experienc-
ing considerable technogenic pressure. Water samples have
recorded exceedances of the MAC of chlorides and sul-
fates. In particular, at sludge reservoir No. 3, tailings pond
No. 2, and the Dombrovskyi Quarry, the concentration of
chlorides exceeds the norm by 25-147 times, and sulfates
by 3-42 times. This indicates a critical level of salinity in
the waters, which may negatively affect ecosystems and
drinking water sources. Quaternary aquifers, which are
used for public water supply, are experiencing significant
technogenic impact. High mineralisation and exceedance
of MAC for chlorides, sulfates, calcium, and magnesium
in the wells suggest a gradual deterioration in the quality
of groundwater in the area influenced by tailings ponds,
sludge reservoirs, and the Dombrovskyi Quarry.
Comparison of data from 2022 and 2023 revealed sig-
nificant fluctuations in pollutant concentrations in wells
located in the zones of technogenic object influence. A
considerable increase in concentrations was recorded in
a number of wells, indicating the continued negative im-
pact of technogenic sources on the aquifers. Despite the
negative impact of technogenic objects on groundwater,
the water quality of the Limnytsia River remains stable,
with only minor deviations from regulatory values for
mineralisation and chemical composition. It is necessary
to strengthen monitoring and protection measures for the
region’s water resources. It is recommended to continue
systematic sampling from wells, especially those located
near sources of technogenic pollution. Regarding future
research, measures for the reclamation of technogenic
objects should be developed to reduce their impact on
groundwater, along with additional studies to determine
the possibilities for cleaning or minimising pollution in
the water horizons.

© Acknowledgements
None.

© Conflict of Interest
None.

| 92 Ecological Safety and Balanced Use of Resources, 2024, Vol. 15, No. 2




Kuzmenko et al.

© References

[1] ArcGIS. (n.d.). Retrieved from https://www.arcgis.com/apps/mapviewer/index.html.

[2] Bing Maps. (n.d.). Retrieved from https://www.bing.com/maps.

[3] Davybida, L., & Tymkiv, M. (2020). Geostatistical analysis and optimization of the state hydrogheological monitoring
network within the Pripyat River basin (Ukraine). Visnyk of V.N. Karazin Kharkiv National University, Series “Geology.
Geography. Ecology”, 52, 35-50. doi: 10.26565/2410-7360-2020-52-03.

[4] Davybida, L., Kasiyanchuk, D., & Shtogrin, L. (2020). Spatial analysis of the relation between the distribution
of dangerous exogenous geological processes and landscape hydrogeological complexes in Transcarpathian.
In International conference of young professionals “GeoTerrace-2020” (pp. 1-5). Lviv: Lviv Polytechnic National
University. doi: 10.3997/2214-4609.20205755.

[5] Dovhyi, S., Trofymchuk, O., Korzhnev, M., Yakovliev, Ye., Trysniuk, V., Anpilova, Ye., Baleha, A., Ivanchenko, V.,
Kurylo, M., & Kosharna, S. (2019). Monitoring of the mineral and raw material base of Ukraine and the ecological
state of the territories of its mining regions in the context of ensuring their sustainable development. Kyiv: Nika-
Centre.

[6] Dyakiv, V. (2022). Evolution and self-organization of karst hydrogeological systems of salt deposits in the
Carpathian Region. Visnyk of the Lviv University. Series Geology, 36, 77-89. doi: 10.30970/vgl.36.06.

[7] Dyniak, O., Koshliakov, O., & Koshliakova, I. (2023). Application of spatial analysis and modeling in GIS in the
implementation of the water balance method in the hydrogeological monitoring system. In 17th international
conference monitoring of geological processes and ecological condition of the environment (pp. 1-5). Kyiv: Taras
Shevchenko Kyiv National University. doi: 10.3997/2214-4609.2023520152.

[8] Google Maps. (n.d.). Retrieved from https://www.google.com/maps.

[9] Hevpa, Z., Kutsmur, I, & Dyakiv, V. (2023). Tail storage of Stebnytsky GHP “Polimineral”: Current state, ways of
improving the condition of the environment and ensuring environmental safety. Visnyk of the Lviv University. Series
Geology, 37, 56-71. doi: 10.30970/vgl.37.05.

[10] Khomyn, Y., Maniuk, O., Maniuk, M., Horvanko, H., & Khovanets, N. (2019). Monitoring of the ecological status
of the territories of development of potassium salt deposits and establishing the method for minimizing ecological
risks. In Monitoring 2019 (pp. 1-5). Kyiv: European Association of Geoscientists & Engineers. doi: 10.3997/2214-
4609.201903190.

[11] Koshliakov, O., Dyniak, O., & Koshliakova, I. (2020). The application of spatial analysis and GIS modeling at the
stage of solving the reverse problem in mathematical modeling of geofiltration. In Geoinformatics: Theoretical
and applied aspects 2020 (pp. 1-5). Kyiv: European Association of Geoscientists & Engineers. doi: 10.3997/2214-
4609.2020ge0056.

[12] Kuzmenko, E.D., Chepurna, T.B., Chepurnyi, I.V,, Bagriy, S.M., Davybida, L.I., & Shtogrin, L.V. (2018). Forecasting
of subsidence of the Earth’s surface within the salt deposits areas of Precarpathians by a complex of geophysical and
geodetic studies. In 17th international conference on geoinformatics — theoretical and applied aspects (pp. 1-5). Kyiv:
European Association of Geoscientists & Engineers. doi: 10.3997/2214-4609.201801823.

[13] Kuzmenko, E.D., Chepurnyi, 1.V, Chepurna, T.B., & Bagriy, S.M. (2020). Subsidence and failures within the territory
of Precarpathian salt fields and the possibility of their prediction. Naukovyi Visnyk Natsionalnoho Hirnychoho
Universytetu, 2, 5-10. doi: 10.33271/nvngu/2020-2/005.

[14] Li, C., Gao, X., Li, S., & Bundschuh, J. (2020). A review of the distribution, sources, genesis, and environmental
concerns of salinity in groundwater. Environmental Science and Pollution Research, 27, 41157-41174. doi: 10.1007/
s11356-020-10354-6.

[15] Malkova, Y.O,, et al. (2023). Isotope composition of groundwater and surface waters in the area of the Dombrovsky
Quarry of Kalush-Golinsk Deposit of potassium salts. Journal of Environmental Radioactivity, 257, article
number 107083. doi: 10.1016/j.jenvrad.2022.107083.

[16] Order of the Ministry of Health of Ukraine No. 721 “On Approval of Hygienic Water Quality Standards for Water
Bodies to Meet the Drinking, Domestic, and Other Needs of the Population” (2022, May). Retrieved from https://
zakon.rada.gov.ua/laws/show/z0524-22#Text.

[17] Pakshyn, M., Liaska, L., Burak, K., Dorosh, L., & Hrynishak, M. (2020). Monitoring of mining branches according
to satellite radar interferometry. In International conference of young professionals “GeoTerrace-2020” (pp. 1-5).
Lviv: Lviv Polytechnic National University. doi: 10.3997/2214-4609.20205763.

[18] Rudko, G.I., & Yakovlev, E.O. (2020). Post-mining of the Ukraine’s mining regions as a new direction for
the environmentally safe use of mineral resources. Mineral Resources of Ukraine, 3, 37-44. doi: 10.31996/
mru.2020.3.37-44.

[19] Sapuzhak, I.Ya. (2023). Stebnyk deposit on potassium salts: The history on mining, disasters, seismic research and the
future. In Fourth EAGE workshop on assessment of landslide hazardsand impact on communities (pp. 1-5). Lviv: Lviv
Polytechnic National University. doi: 10.3997/2214-4609.2023500042.

Ecological Safety and Balanced Use of Resources, 2024, Vol. 15, No. 2 93 \


https://www.arcgis.com/apps/mapviewer/index.html
https://www.bing.com/maps
https://doi.org/10.26565/2410-7360-2020-52-03
https://doi.org/10.3997/2214-4609.20205755
https://itgip.org/wp-content/uploads/2020/02/monogr_monitoryng_Last.pdf
https://itgip.org/wp-content/uploads/2020/02/monogr_monitoryng_Last.pdf
https://doi.org/10.30970/vgl.36.06
https://doi.org/10.3997/2214-4609.2023520152
https://www.google.com/maps
https://doi.org/10.30970/vgl.37.05
https://doi.org/10.3997/2214-4609.201903190
https://doi.org/10.3997/2214-4609.201903190
https://doi.org/10.3997/2214-4609.2020geo056
https://doi.org/10.3997/2214-4609.2020geo056
https://doi.org/10.3997/2214-4609.201801823
https://doi.org/10.33271/nvngu/2020-2/005
https://doi.org/10.1007/s11356-020-10354-6
https://doi.org/10.1007/s11356-020-10354-6
https://doi.org/10.1016/j.jenvrad.2022.107083
https://zakon.rada.gov.ua/laws/show/z0524-22%23Text
https://zakon.rada.gov.ua/laws/show/z0524-22%23Text
https://doi.org/10.3997/2214-4609.20205763
https://doi.org/10.31996/mru.2020.3.37-44
https://doi.org/10.31996/mru.2020.3.37-44
https://doi.org/10.3997/2214-4609.2023500042

Monitoring studies of the ecological and hydrogeochemical situation in the zone of influence...

[20] Shekhunova, S.B., Pakshin, M.Y., Stadnichenko, S.M., Liaska, L.I., & Aleksieienkova, M.V. (2021). The satellite radar
monitoring of post-mining area (Solotvyno, Ukraine). In 15th international conference monitoring of geological
processes and ecological condition of the environment (pp. 1-5). Kyiv: Taras Shevchenko Kyiv National University.
doi: 10.3997/2214-4609.20215K2075.

[21] Snitynskyi, V., Zelisko, O., Khirivskyi, P, Mazurak, O., Krektun, B., & Korinets, Yu. (2021). Hydrogeological
monitoring of the territory of the Stebnytsky Potash Deposit of Drohobytsky District, Lviv Region. Bulletin of Lviv
National Agrarian University. Agronomy, 25, 5-8. doi: 10.31734/agronomy2021.01.005.

[22] Sokolchuk, K.I. (2022). Application of different spatial interpolation methods to hydrological data on the example of the
Pripyat River basin (within Ukraine). Hydrology, Hydrochemistry and Hydroecology, 4(66), 59-67. doi: 10.17721/2306-
5680.2022.4.7.

[23] Sosonna, N., Panasiuk, M., Malkova, Y., Kovalenko, I., Bagriy, S., & Buzynnyi, M. (2023). Mathematical model of
hydrogeological conditions and forecasts of groundwater salinization under the influence of Dombrovsky Quarry
of Kalush-Golinsky Potassium Salt Deposit. In 17th international conference monitoring of geological processes and
ecological condition of the environment (pp. 1-5). Kyiv: Taras Shevchenko Kyiv National University. doi: 10.3997/2214-
4609.2023520185.

[24] Stadnichenko, S., Kril, T., Siumar, N., & Shekhunova, S. (2023). Flooding assessment of salt mining areas to reduce the
threat of transboundary spread of saline pollution. International Multidisciplinary Scientific GeoConference-SGEM,
23(3.2), 127-134. doi: 10.5593/sgem?2023V/3.2/s12.16.

[25] Stetsenko, B., Shestopalov, V., & Rudenko, Yu. (2021). Hydrogeological problems of the Solotvyno rock salt deposit
and their analysis using modeling (Ukraine). Collection of Scientific Works of the Institute of Geological Sciences of
NAS of Ukraine, 14(2), 111-128. doi: 10.30836/igs.2522-9753.2021.245937.

[26] Stroj, A., Briski, M., & Ostri¢, M. (2020). Study of groundwater flow properties in a karst system by coupled
analysis of diverse environmental tracers and discharge dynamics. Water, 12(9), article number 2442. doi: 10.3390/
w12092442.

[27] Zaryab, A., Nassery, H.R.,, & Alijani, E (2021). Identifying sources of groundwater salinity and major
hydrogeochemical processes in the Lower Kabul Basin aquifer, Afghanistan. Environmental Science: Processes &
Impacts, 23, 1589-1599. doi: 10.1039/D1EM00262G.

[28] Zhang, A., Lu, J., & Kim, J.W. (2018). Detecting mining-induced ground deformation and associated hazards
using spaceborne InSAR techniques. Geomatics, Natural Hazards and Risk, 9(1), 211-223. doi: 10.1080/
19475705.2017.1415229.

[29] Zhyrnov, P, Tomchenko, O., Pidlisetska, I., & Mykolaienko, O. (2021). Analysis of the geoecological situation in
Kalush: Current situation and ways of solving the problem. Geodesy and Cartography, 47(4), 170-180. doi: 10.3846/

gac.2021.13256.

| 94 Ecological Safety and Balanced Use of Resources, 2024, Vol. 15, No. 2



https://doi.org/10.3997/2214-4609.20215K2075
https://visnyk.lnup.edu.ua/index.php/agronomy/issue/view/16/19
https://doi.org/10.17721/2306-5680.2022.4.7
https://doi.org/10.17721/2306-5680.2022.4.7
https://doi.org/10.3997/2214-4609.2023520185
https://doi.org/10.3997/2214-4609.2023520185
https://doi.org/10.5593/sgem2023V/3.2/s12.16
http://archive-transactions.igs-nas.org.ua/article/view/245937
https://doi.org/10.3390/w12092442
https://doi.org/10.3390/w12092442
https://doi.org/10.1039/D1EM00262G
https://doi.org/10.1080/19475705.2017.1415229
https://doi.org/10.1080/19475705.2017.1415229
https://doi.org/10.3846/gac.2021.13256
https://doi.org/10.3846/gac.2021.13256

Kuzmenko et al.

MoOHITOPUMHIroBi focnigkeHHA eKonoro-rigporeoximiuHol cutyauii
Y 30Hi BN/INBY TEXHOreHHMUX 06’EKTIB ripHU4YONMPOMMUC/IOBOIrO
komnnekcy Kanyw-fonmHcbkoro pogoBuila KasiiiHOI coni

Enyapa KysbmeHko

[JokTop reonoro-miHepanoriyHmx Hayk, npodecop

IBAHO-DPaHKIBCbKUI HALOHANIbHNI TEXHIYHWI YHIBepcuTeT HabTK i rasy
76019, Byn. Kapnatcbka, 15, M. IBaHO-PpaHKiBCbK, YkpaiHa
https://orcid.org/0000-0002-1994-0970

Ceprin Barpin
KaHangaTt reonorivyHmx Hayk, AOLEHT
IBaHO-PpaHKIBCbKUI HALiOHANbHWIA TEXHIYHWUIA yHiIBEpCcUTET HadTH i rasy

76019, Byn. Kapnatcbka, 15, M. IBaHO-®PpaHKiBCbK, YKpaiHa
https://orcid.org/0000-0003-1190-6222

Irop YenypHuii

Kangmaat reonorivyHmx Hayk, AOLEHT

IBAHO-DpaHKIBCbKUI HALiOHANIbHNI TEXHIYHWUI YHIBepcuTeT HadTL | rasy
76019, Byn. Kapnatcbka, 15, M. IBaHO-®OpaHKiBCbK, YKpaiHa
https://orcid.org/0000-0003-2109-3827

TeTaHa YenypHa

KaHanpat reonorivyHmx Hayk, AOLEHT

IBAHO-DpaHKIBCbKUI HALiOHaNIbHUI TEXHIYHWI YHIBEpCcUTeT HAabTH i rasy
76019, Byn. Kapnatcbka, 15, M. IBaHO-PpaHKiBCbK, YKpaiHa
https://orcid.org/0000-0002-1140-4356

© AHortauif. Ominka CTaHy HiI3eMHUX I ITOBEPXHEBUX BOJ Ha TEPUTOPIAX BiIIPALbOBAHUX CONAHUX POJLOBMUIL
KOPMCHMX KOIIA/IMH € BaXK/IMBOK CK/Ia/I0BOI0 MOHITOPMHTOBUX NOC/IKEHD Yepe3 SHAYHMI TEXHOT€HHUI BIIUB TAKUX
00’€KTiB, IKXBOCTOCXOBUIIA, IVITAMOHAKOIIIyBaviTa JJoMOpoBCchKmit Kap ep. MeToo fOC/IiKeHH s 6y/I0 BCTAHOB/IEHHS
Ha OCHOBI peayjibHNX eKCIIEPUMEHTATbHUX AAHNX Ti[pOreoXiMivHNIX aHa/Ii3iB 6araTOpivHOr0 MOHITOPUHTY IIifj3€MHIX
BOJl 32 MEPEXEI0 CIOCTEPEXXHUX TiffpOreoNoriYyHNX MOHITOPMHIOBUX CBEPJIOBMH IIJIOL 3aCO/IEHHA MiJJ3EMHMUX BOJ
Kasrycbpkoro ripH4oIpoMyCIoOBOro paiioHy, OlliHKa IMHAaMIiKy XiMiYHMX Ta (i3uKo-XiMiuHi TOKa3HUKIB i 3arpos mia
eKOJIOTiuHOI cuTyarnii paitony. Etamm gocmifxenp mepegbadann cucreMaTusariiio MOHITOPMHIOBUX JaHUX 3a 2021-
2023 poku, cTBOpeHHA 1upoBuX KaprorpadivHux mapiB Ta aTpuOyTUBHMX 0643 JaHMX i3 JaHMMM LIOAO KiIbKiCHMUX
IIOKAa3HUKIB XiMiYHOro cKIajly Hifj3eMHMX BoOj, reoiHdopMaliilHe MOMEIIOBAHHA Ta HOOYAOBY KapT 3acOJICHHA
Tepuropii Kamycpkoro ripHM4onpoMuciIoBoro paiioHy Ta AMHAMIKM 3aCO/I€HHSA BOJOHOCHOTO TOPM3OHTY. Y 2023
poui Ha Teputopii Kamycbkoro ripHn4o-npoMMC/IOBOTO pailoHy Oy/Io IPOBeHeHO TrifporeoximiuHi moCmimkeHHS 3
Big6opom 25 pob 3i CIIOCTEPEXXHUX CBEPANIOBIH, JOMOPOBCHKOTO Kap €py, IUIAMOHAKOINIyBadiB Ta piuku JIIMHUIISL.
ITpoananisoBaHO MiHepai3ariro Ta XiMidHMiT CkIaj Bopu. PesyabpraT [OCIIKeHD [T0KA3a/IN, 110 HA0LIbIINiT piBeHb
MiHepaisalii crocrepirabca y Bofax IIJlaMOHaKonumdyBada Ne 3 Ta xBocTocxoBmia N 2, nme piBHI MiHepamisanii
HepeBUIYBa/IN TPAHNYHO HOIyCcTHMi KoHLeHTpanil B 140 Ta 110 pasis BigmosigHo. BMmicT xymopupis i cynbgartis y
[uX 06’€KTax TAaKOXX 3HAYHO [ePeBMUINYBaB AOIyCcTUMi HOpMu. [IopiBHAHHS maHux 3a 2022 ta 2023 poxu IMoKasaao
3HaYHe 3POCTAHHA KOHI[EHTpaliil 3a0pySHIOIOYNX PEYOBVUH y HM3IL CBePIJIOBMH, IO MiATBEPHKYE IPOLOBXKEHHA
HETraTMBHOTO BIUIMBY TEXHOTeHHUX 00’eKTiB. BomHowac sikicTp Bopm B piuni JIiMHUISE 3aammmiacs CTabimbHOI.
IlinHicTh pO6OTH IIOJISITAE B OLiHII €KOJIOTIYHOTO CTAHY MiA3eMHMX BOA, Ka/TycbKOro ripHn40-IpoMmcIoBOro paiioHy
Ha OCHOBi CUCTeMaTMsalii JaHMX TiJpOreoXiMiYHOTO MOHITOPDMHIY 3a MEPEXeK CIOCTEPEXHUX CBEPJIOBMH i3
BUKOPUCTAHHSM reoiHpopMaliliHIX MiX0/iB MO/Ie/TIOBaHHS
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