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The article provides a comprehensive hygienic evaluation of drinking water quality in both existing and
prospective domestic water supply systems of Samarkand. The research analyzes key hydrochemical and
microbiological indicators, emphasizing the implications of anthropogenic and abiotic contaminants found in
local water sources. The study utilized extensive analytical data derived from over 720 samples collected from
wells, clean water reservoirs (CWR), and the Zarafshan River, resulting in approximately 6480 laboratory
determinations covering microbiological parameters, toxicological elements, organoleptic properties, and
radioactive contaminants.Results indicate that the groundwater primarily serving Samarkand is generally safe,
showing minimal microbial contamination and compliance with established hygienic standards. Groundwater
quality has remained consistently high, without significant anthropogenic pollutants detected. However, the
assessment revealed a notable deficiency in fluoride concentrations (0.14-0.28 mg/L), raising concerns
regarding increased risks of dental caries among the local population. Additionally, certain local water intakes
demonstrated increased hardness and mineralization levels due to natural geological processes, particularly
noticeable at the Bolibalandand Chupon-ota water intakes.The research highlights the necessity for
maintaining rigorous sanitary protection measures, especially due to ongoing anthropogenic impacts such as
agricultural activities and uncontrolled excavation operations near the water intakes. Furthermore, long-term
data analyses (1990-2024) suggest potential fluctuations in groundwater mineralization linked to climatic
variations and irrigation practices affecting the Zarafshan River's hydrological regime. Conclusively, the
current Samarkand water supply sources are robust and reliable, yet the establishment of additional water
intakes, especially near Chubot village on the Zarafshan River, is recommended. This strategic development
could significantly enhance the sanitary reliability and long-term sustainability of the city's water supply
infrastructure, ensuring public health safety and improving overall water quality management.
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comfortable living of the local population, but

1. Introduction also significantly increases the risk to their

health [3, 4]. According to the World Health
Organization (WHO), today the greatest risks to

The right to access to quality drinking
water is of key importance for health, and one

of the basic human rights, an integral part of an
effective health policy in Uzbekistan [1, 2].
However, the lack of quality drinking water not
only dramatically reduces the level of
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the safety of drinking water are associated with
pollution by arsenic, fluoride or nitrates, but
new sources of pollution such as
pharmaceuticals, pesticides, polyfluoroalkyl
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substances and microplastics, as well as climate
change are of growing concern [5].

In the Samarkand Declaration of the
Council of Heads of State of the Shanghai
Cooperation Organization on 16 September
2022, the member states emphasized that the
lack of safe drinking water, lack of access to
basic sanitation services and the ability to
maintain healthy hygiene are serious problems
for the countries of Central Asia [6]. In this
regard, the problem of preserving existing and
searching for new water supply sources for
citizens of Uzbekistan, in particular for
residents of large cities, including Samarkand,
is particularly relevant [7,8].

Fresh groundwater is used to provide
consumers with drinking water in Samarkand.
It is traditionally considered a more reliable
source of high-quality drinking water, protected
from anthropogenic pollution, especially in
terms of microbiological and parasitological
indicators. Groundwater is mainly fed by
filtration of surface waters of the Zarafshan
River, irrigation canals and ditches. Feeding by
underground runoff from the mountainous part
of the valley, from the foothill plains and by
precipitation is of secondary importance. A
characteristic natural feature of the chemical
composition of groundwater is its compliance
with the requirements of SanPiN (Sanitary rules
and regulations) RUz No. 0211-06 "Hygienic
criteria and quality control of water in
centralized systems of domestic and drinking
water supply to the population of Uzbekistan."
However, global climate change will
significantly affect the flow of the Zarafshan
River, which over time may lead to a shortage
of groundwater at existing water intakes and
affect the chemical composition of the water.
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In this regard, the problem of preserving
existing and searching for alternative water
supply sources for a sustainable and reliable
supply of residents of Samarkand with drinking
water is especially urgent. At the same time, a
comprehensive hygienic assessment of the
quality of drinking water in existing and
potential domestic and drinking water supply
systems, taking into account the presence of
chemicals of abiotic and anthropogenic nature,
allows us to make a scientifically sound
forecast of the impact of water quality on
public health, as well as to establish trends in
changes in the chemical composition of water
based on long-term observations.

The objective of the study is a hygienic
assessment of the quality of drinking water in
the planned and existing domestic and drinking
water supply systems of Samarkand, an
assessment of its physiological adequacy and
trends in change.

2. Object, subject and methods of the
study

The object of the study was the existing
and potential water intakes, distribution nodes
and networks of domestic and drinking water
supply in Samarkand. The subject of the study
was the hygienic indicators of drinking water to
assess their compliance with the regulatory
requirements of Uzbekistan and the impact on
the health of the local population.

The study used the results of laboratory
studies of drinking water supplied to the
population of Samarkand over a long period,
carried out in accordance with the approved
schedule of analytical control in accordance
with the requirements of regulatory documents
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of Uzbekistan [2, 9-14], as well as within the
framework of the implementation of the
program for the modernization of the
infrastructure of Samarkand under DP-372
dated 09/08/2022. The quality of surface water
in the Zarafshan River was also analyzed as a
potential source of water supply for Samarkand.
In total, over 720 samples from wells, clean
water reservoirs (CWR) and the Zarafshan
River were analyzed and statistically processed,
in which 6480 analytical determinations were
made. Mathematical processing of materials
was carried out using MS Office programs on a
personal computer.

The quality of water from wells, CWR
and the Zarafshan River was studied by the
following indicators:

- microbiological indicators (total
microbial count, number of coliform bacteria);

- toxicological indicators according to
MAC (lead, cadmium, fluorine, nitrates,
nitrites, ammonium);
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- organoleptic indicators and MAC of
components standardized by the effect on the
organoleptic properties of water (taste, odor,
turbidity, color, pH, total mineralization, iron,
total hardness, manganese, copper,
polyphosphates, sulfates, chlorides, zinc);

- indicators of radioactive contamination
(total beta radioactivity).

3. Results of the research and their
discussion

Existing water intakes. To provide
consumers with drinking water in Samarkand,
there are two main water intakes, Chupon-ota
and Dagbit (Fig. 1), as well as several local
water intakes of low productivity, intended for
water supply of individual microdistricts not
connected to the main ring network of domestic
and drinking water supply [14].
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Fig. 1. Layout of water intakes in Samarkand
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Analysis of long-term observations of
drinking water quality indicators in Samarkand
shows that groundwater is classified as
hydrocarbonate in chemical composition, less
often as sulfate, and is safe in epidemiological
terms, harmless in chemical composition, has
favorable organoleptic properties, and is safe in
terms of radiation. No anthropogenic organic
pollution (aromatic hydrocarbons, pesticides,
petroleum products, etc.) was detected, or their
concentrations were much lower than the
maximum values, indicating the absence of
significant external influence of urban (sewage)
or agricultural (nitrates, phosphates, pesticides)
factors, including from the surface waters of the
Zarafshan River. No cases of significant
pollution of drinking water with iron ions were
recorded either at water intakes or at the final
consumption sites, indicating an insignificant
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level of corrosion of domestic and drinking
water supply pipelines.

Microbiological parameters in
groundwater are regularly monitored by the
water utility and sanitary and epidemiological
station laboratories. Water samples are
regularly taken from operating wells before
disinfection, as well as from the CWR (clean
water reservoir) after water treatment with
liquid chlorine. The sampling results show the
presence of a very low, constant number of
bacterial colonies (from 15 to 30 colonies) in
groundwater over a long-term observation
period (Table 1). No significant changes in the
microbiological parameters of groundwater
were observed in the period from 1990 to 2024,
which indicates a high degree of protection of
water intakes from contamination.

Table 1. Indicators of the Microbiological Adequacy of Drinking Water

Parameter 1990-1999 2000-2009 2010-2014 2015-2024
Chupon-ota

Number of samples per year 60 60 60 100

Coliform index 3 3 3 3

Coliform titer 320-333 320-333 320-333 320-333

Total colonies 17-30 15-30 16-30 17-30

Dagbit

Number of samples per year 60 60 60 100

Coliform index 3 3 3 3

Coliform titer 320-333 320-333 320-333 320-333

Total colonies 15-30 15-30 15-30 15-27

WATER AND HEALTH
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Deterioration of groundwater quality in
terms of microbiological indicators is possible
only in the case of a long break in the operation
of wells, however, according to the
technological regulations, stagnant water from
wells is discharged onto the terrain and does
not enter the CWR.

In the normal mode of operation of wells,
a small number of bacterial colonies are
destroyed by disinfecting water in the CWR
before supplying it to the city's domestic and
drinking water supply network. The content of
free residual chlorine in drinking water was
within the standard values of 0.2-0.5 mg/L,
with the exception of rare cases of its slight
excess.

The assessment of the physiological
adequacy of the mineral composition of water
was carried out according to the
methodological recommendations [2], the
results are presented in Table 2. Drinking water
at all water intakes is characterized by a
reduced content of fluoride ions at a level of
0.16-0.28 mg/L, which, according to WHO
studies, increases the risk of developing caries,
because fluorides participate in the formation
and strengthening of bone tissue and tooth
enamel [3,15,16].

The total hardness and mineralization of
water are components of natural origin, their
concentrations over the entire observation
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period were within the optimal values of 3.8-
7.1 mg-eg/L. Only at the Bolibaland water
intake the total hardness values been recorded
at a level of 9.1-9.8 mg-eq/L over a number of
years, which is higher than the optimal values,
but does not exceed the approved MAC.

At some wells of the Chupon-ota water
intake, elevated values relative to the average
values of mineralization and total hardness
were recorded, which may be associated with
the erosion of deeper limestone aquifers.

For example, the level of total hardness at
well No. 52 in 2023 was consistently high, 9.5-
9.7 mg-eg/L, although the hardness of mixed
water in the CWR for the same period was 6.7-
7.1 mg-eq/L.

It should be noted that the
recommendations of the European Union (EU)
and WHO do not establish standards for total
hardness in terms of its impact on human health
[3,4]. With an increased level of hardness, the
conditions for domestic use of water worsen,
vegetables and meat do not cook well in it, soap
does not lather well, and insoluble sediment
forms in water heaters and hot water supply
pipes [3].

However, the literature provides data
indicating that a high level of hardness leads to
the development of urolithiasis, impaired salt
metabolism, and slower bone growth in
children [17].
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Table 2. Indicators of physiological adequacy of mineral composition of water

Name of the Physiological adequacy of the mineral composition of water in 2023

water intake |  Total Alkalinity, Total Calcium | Magnesiu | Bicarbo | Fluoride

facility hardness, mg-eq/L mineralization, | content, | m content, nate content,

mg-eq/L mg/L mg/L mg/L content, mg/L
mg/L
Main water intakes

Chupon-ota 6.7-7.1 4.1-4.9 400-420 72 33 270 0.15-
0.17

Dagbit 5.8-6.3 3.7-4.1 370-380 66 25 220 0.14-
0.18

Local water intakes

Farhod 6.1-6.3 4.4-5.0 380-390 - - - 0.14-
0.20

Bogibaland 9.0-9.9 6.5-6.7 480-500 - - - 0.18-
0.26

Khishrav 5.7-7.6 4.0-4.5 330-430 - - - 0.14-
0.22

28 kvartal | 4.5-5.5 2.8-3.1 260-305 - - - 0.16-

(Charkhin) 0.18

29 kvartal 6.0-6.3 2.9-3.1 360-400 - - - 0.16-
0.18

Yangi Hayet 5.5-5.8 3.3-34 370-390 - - - 0.18-
0.22

Vatanparvar 6.4-6.8 3.4-3.6 370-410 - - - 0.17-
0.18

Regulation documents

MPC according to | 7.0-10.0 - 1000-1500 - - - 0.7

SanPiN No. 0211-

06 (RUz):

Recommended 15-7.0 - 200-500 - - - 0.8-1.5

value according

to MR

2.1.4.2370-08

Normative Value | 1.5-7.0 0.5-6.5 100-1000 25- 130 5-65 30-400 | 0.5-1.5

according to

SanPiN

2.1.4.1116-02

WHO - - 600 - - - 15

recommendations
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An analysis of drinking water data at
water intakes in Samarkand, carried out in
January 2023, shows a close relationship
between the total content and hardness of water
and is described by a third-degree polynomial
equation with a determination coefficient of R2
=0.938 (Fig. 2).
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Consequently, there is a high probability
of exceeding the MAC standards for drinking
water for total hardness only when the level of
water mineralization at water intakes reaches
above 600 mg/L.

Correlation Between Total Mineralization and Total Hardness

700
-
> 600
£
_‘9: 500
®
N
g [Se—e
£ ol
S 300 - L
=
° 200

100

3,5 45 5,5 6,5

y = 2,4964x3 - 51,437x2 + 380x - 589,6
R? = 0,9382

7,5 8,5 9,5 10,5

Total Hardness, mg-eq/L

Fig.2. The relationship between total mineralization and total hardness at water intakes in Samarkand

At the Chupon-ota and Dagbit water
intakes, in addition to operational wells, there
are also monitoring wells where the
hydrological service of Samarkand regularly
records the total mineralization indicators of the
water.

Figure 3 shows the variation in the total
mineralization levels of groundwater at the
active monitoring wells No. 44, No. 46, and
No. 47 of the Chupon-ota water intake over the
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period from 1994 to 2024. Samples were
collected 1-2 times per year. During the
observation period, the groundwater
mineralization fluctuated significantly, ranging
from 180 mg/L to 616 mg/L. The dynamics of
the changes in total groundwater mineralization
at these three monitoring wells are described by
third-degree polynomial approximations with
determination coefficients (R?) ranging from
0.12 to 0.34.
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Dynamics of Changes in Water Mineralization at the Dagbit Water Intake
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Fig. 3. Dynamics of total mineralization of groundwater at Monitoring Well No. 404, Dagbit water
intake.
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Fig. 4. Dynamics of total mineralization of groundwater at Monitoring Well No. 46, Chupon-Ota water
intake.
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Fig. 5. Dynamics of total mineralization of groundwater at Monitoring Well No. 44, Chupon-Ota water
intake.

WATER AND HEALTH 73



Water & Water Purification Technologies. Scientific and Technical News

On-line ISSN 2521-151X

Dynamics of Changes in Total Mineralization at the Chupon-Ota Water Intake
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Fig. 6. Dynamics of total mineralization of groundwater at Monitoring Well No. 47, Chupon-Ota water

intake.

Figure 3 illustrates the variation in the
total mineralization levels of groundwater at the
active monitoring well No. 404 of the Dagbit
water intake over the period from 2004 to 2024.
Samples were collected 1-2 times per year.
According to the observations, the
groundwater’s total mineralization ranged from
312 mg/L to 544 mg/L, showing a lower degree
of fluctuation compared to the Chupon-ota
water

intake. The collected data are best
described by a third-degree polynomial
equation with a determination coefficient R? =
0.13.

An analysis of the regression equations in
Figure 3 indicates that the approximation of the
data regarding changes in total mineralization
in the drinking water of the Chupon-ota and
Dagbit water intakes over the period from 1994
to 2024 is weak. The observed changes in total
mineralization over time may be related to
variations in the overall water flow of the
Zaravshan River and its mineralization levels
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during different seasons, which warrants further
study, given that the monitoring wells are
shallow and have a close hydraulic connection
with surface waters.

A slight increase in total mineralization at
the Chupon-ota and Dagbit wells may be
attributed to anthropogenic factors such as soil
flushing aimed at improving the ameliorative
conditions of agricultural lands in the
Zaravshan River valley, followed by the
discharge of drainage waters into the river. This
is evidenced by the consistent rise in
mineralization indicators in the river’s control
sections from the Ravatkhuzha post to the
Akkaradarya hydroelectric complex, which are
located in close proximity to the water intakes
(see Table 3). Additionally, the development of
quarries for inert materials in the Zaravshan
Riverbed and the drilling of agricultural wells
negatively impact water quality. Therefore,
regular monitoring is necessary to prevent
illegal drilling of agricultural wells in the
sanitary protection zones of the water intakes,

74



Water & Water Purification Technologies. Scientific and Technical News

thereby avoiding hydraulic  connections
between different groundwater layers and their
cross-contamination, and to enforce a
moratorium on sand and gravel extraction in the
Zaravshan Riverbed [18].

It can be assumed that over time, the total
mineralization of the water will not undergo
significant changes and will remain within its
natural range of 300-500 mg/L, provided that
the aforementioned reasonable environmental
protection measures related to anthropogenic
activities near the water intakes are observed.
Consequently, the total mineralization in the
foreseeable future should remain within the
permissible values of the MPC.

Potential subsurface water intake on
the Zaravshan River. The water resources
protection program of Samarkand includes the
creation of a new water intake on the Zaravshan
River, which could operate in parallel with the
existing main water intakes Chupon-ota and
Dagbit. According to previously conducted
studies [14], constructing a water intake in the
area of Chubot (Ravatkhuzha), located 40 km
from Samarkand, will help achieve significant
energy savings by ensuring the supply of water
to the urban system by free flow. Alternatively,
the construction of an additional well-type
water intake 16 km upstream from the Chupon-
ota intake is also being considered. These
potential water intakes should have a capacity
sufficient for the additional supply of drinking
water to the population of Samarkand in the
amount of 80-150 thousand m3 per day.

The optimal location for a potential water
intake depends, among other factors, on the
water quality in the Zaravshan River and on the
influence of anthropogenic factors on water
quality along its course from the border with
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Tajikistan to Samarkand. In practice, a four-tier
classification of the detected contaminants is
most commonly used: acceptable, moderate,
severe, and very severe [2]. Furthermore,
depending on water quality and the required
degree of treatment to achieve drinking water
standards, water bodies suitable as sources of
domestic and drinking water supply for the
population are divided into 3 classes [12].

According to the monitoring data from
2002-2007, the condition of the Zarafshan
River waters was assessed as satisfactory, but
surface waters were suitable for drinking only
within the Samarkand region. Downstream, an
increase in the total mineralization of water and
its hardness was observed, and in the Navoi and
Bukhara regions, the chemical composition of
the water was unsuitable for drinking without
preliminary treatment. At the entrance of the
river to the Republic of Uzbekistan, the
presence of copper salts, phenol, and
organochlorine pesticides was noted, the
concentration of which increased downstream.
At the same time, the authors of the study noted
that the water quality during the monitoring
period in some sections permanently improved,
while in others it was unchanged and
corresponded to classes 11 and 111 [19].

The results of monitoring the quality of
surface water in the Zarafshan River from 2021
to 2024 showed that general sanitary,
organoleptic and sanitary-toxicological
parameters were within acceptable limits, the
degree of water pollution was moderate and
corresponded to class Il. Sampling and analysis
were carried out quarterly throughout the year.
Concentrations of abiotic pollutants were
recorded in the water in insignificant quantities
and with concentrations much lower than the
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MAC. However, along the river, a slight
increase in the concentrations of nitrates,
nitrites, BOD, permanganate oxidizability, total
hardness and mineralization was observed,
which indicates the impact of agriculture and
other anthropogenic activities in the region on
the quality of water in the river.

An analysis of the surface water data of
the Zaravshan River, conducted during 2023
(see Fig. 4), also showed a close
interdependence between the total mineral
content and the water hardness, which is
described by a second-degree polynomial
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equation with a determination coefficient R? =
0.975 (see Fig. 4). Consequently, there is a high
probability of exceeding the MPC for total
water hardness only when the mineralization
level exceeds 850 mg/L. Long-term monitoring
data indicate that the water mineralization in
the Zaravshan River within the Samarkand
region did not exceed 800 mg/L, demonstrating
the stability of the surface water quality against
abrupt changes and characterizing the source as
reliable, especially in the area of the village of
Chubot (Ravatkhuzha).

Correlation Between Total Mineralization and Total Hardness in the

Zarafshan River
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Fig 7. Relationship between total mineralization and total hardness of the surface water of the

Zaravshan River (Samarkand Region)

Due to the close hydraulic connection
between groundwater and surface water, the
total mineralization and chemical composition
of groundwater differ only slightly from those
of the surface water of the Zaravshan River.
Groundwater mineralization naturally increases
as one moves down the valley and decreases
with depth. For example, in the Samarkand
area,
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the mineralization of groundwater in
alluvial deposits averages 100-500 mg/L, while
at the Karadaryin-Damkhozhin deposits it is
400-700 mg/L. Groundwater is classified as
belonging to the bicarbonate and sulfate types,
and to the calcium and sodium groups of types |
and I1.
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Table 3a. Hygienic assessment of the degree of pollution of surface waters of the Zarafshan River

Water Pollution Level in 2023
Parameter village Chubot village llypak Akkaradary_a Siab C_anal
(Ravatkhuzha) (Dargom hydroelectric (Rowing
Canal) complex Canal)
Hydrogen Index (pH) 6.25-7.15 6.28-7.16 6.2-7.6 6.9-7.5
Alkalinity (mg-eq/L) 2.0-2.6 2.0-2.6 2.5-4.0 4.7-5.4
Total Mineralization (mg/L) 247-410 247-385 247-740 465-506
Chlorides (mg/L) 5.0-6.0 5.0-7.0 11.5-45.5 12.0-13.5
Sulfates (mg/L) 72.8-135.8 72.8-96.7 135.8-211.6 | 143.9-154.4
Total Hardness (mg-eq/L) 3.0-3.7 3.0-3.7 3.3-9.0 6.8-7.1
Calcium (mg/L) 40-48 28-48 40-92 64-74
Magnesium (mg/L) 12.1-20.0 12.1-27.9 15.8-53.5 40.1-44.9
Sodium (mg/L) 16.5-19.5 16.5-21.5 35.6-92.0 27.1-48.3
Copper (mg/L) <0.02 <0.0025 <0.0025 <0.02
Lead (mg/L) <0.0025 <0.002 <0.002 <0.002
Cadmium (mg/L) 0 0 0 0
Zinc (mg/L) 0 0 0 0
Ammonium (mg/L) 0 0 0 0
Fluoride (mg/L) 0,1 0.11 0.11 0.1
Nitrates (mg/L) 3.5-4.8 3.5-5.0 10.5-18.8 14.5-21.5
Nitrites (mg/L) <0.005 <0.004 <0.004 <0.004
BODs (mg O./L) 2.6-2.8 2.6-2.8 2.8-3.0 2.9-3.0
Permanganate Oxidizability (mg O,/L) | 2.50-2.64 2.50-2.64 2.24-2.64 2.64-2.80
Total Beta Radioactivity (Bg/L) 0.01 0.06 0.02 0.08
Parasitological Indicators None detected|None detected| None detected None
detected
Pathogenic Flora None detected|None detected| None detected None
detected

Thus, the potential water supply source
for Samarkand is recommended to be located in
the area of the village of Chubot
(Ravatkhuzha), as it exhibits the best and most
stable hygienic water quality indicators. To
enhance the sanitary reliability of this water
source and improve the BOD and
permanganate oxidizability parameters, it is
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recommended to design a subsurface water
intake in the form of a horizontal drain
positioned in close proximity to the Zaravshan
Riverbed. This setup would enable the
withdrawal of the calculated volume of water
regardless of fluctuations in the river’s
discharge (see Fig. 5).
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Fig. 8. Proposed location for a potential subsurface water intake on the Zaravshan River (Samarkand

region)

4. Conclusions

As a result of assessing the quality of
drinking water of existing sources of domestic
and drinking water supply in Samarkand, no
excess of hygienic standards for water quality
was recorded over a long-term period. The
chemical composition of drinking water does
not pose a threat to public health, but it is
necessary to correct the lack of fluorides in
drinking water through additional sources of
their intake, including with food products and
food additives. The existing water intakes are
quite resistant to external anthropogenic
pollution factors and can be recommended for
further increase in productivity. However, it is
necessary to continue strict control over
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compliance with the relevant regime in the
sanitary protection zones of water intakes to
prevent deterioration of the hygienic indicators
of water. The construction sites of the potential
water intake on the Zarafshan River, according
to monitoring data from 2021-2024, are
characterized by satisfactory water quality and
can be recommended for  further
hydrogeological study and design of a new
water intake in the area of the village of Chubot
(Ravotkhuzha) in order to increase the level of
robustness and energy efficiency of the
domestic and drinking water supply system of
Samarkand.
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TITICHIYHA OLIHKA AKOCTI BOIA B CUCTEMAX
TOCMOJAPCHKO-TIUTHOTO BOAOMMOCTAYAHHS
CAMAPKAH/JIA

Boosenxo C.B.t, Boosenxo J].C.?

1 WorleyParsons Uzbekistan Engineering LLC, ¥36ekucran, Sergii.\Vdovenko@Worley.com

2 HartioHanpHUH TeXHIUHUH yHIBepcuTeT YKpaiHu «KuiBChbKuil MONMITEXHIYHUN 1HCTUTYT iMeHi [rops

Cikopcbkoro», Ykpaina, vds19@ukr.net

Cmamms Hadae KOMNIEKCHY 2IICHIUHY OYIHKY SAKOCMI NUMHOI 800U 8 ICHYIOUUX MdA NePCHeKMUBHUX CUCIeMAaX
20CN00apCcbKo-numnoeo eodonocmavanus micma Camapkano. [ocniodcenus ananizye Kaoyo8i 2iopoximiyni ma
MIKpOOION02IYHI NOKAZHUKU, AKYEHMYIOUU Y8a2y HA 6NAUGI AHMPONOSEHHUX | A0iomMUYHUX 3a0pYOHEeHb, GUABTEHUX )
Micyesux 600HUX Odcepenax. Y pobomi Oyn0 SUKOPUCTIAHO 3HAYHUL 00CAe AHATIMUYHUX OAHUX, OMPUMAHUX 3
nonao 720 npo6 0du, gidibpanux 3i ceeponosun, pezepgyapie uucmoi 6oou (PUB) i piuxu 3apagwan, wo exnouano
onusbko 6480 nabopamopuux eusnauenv 3a MIKpOOIOIOIUHUMUY, MOKCUKOIOSIYHUMU, OP2SAHOACHMUYHUMU MA
padioakmueHumMu NOKasHuxamu. Pesynomamu ceiouamv, wjo niozemHi 600u, AKi nepesaxrcHo 3abesneyyioms
Camapxano, € 8 yinomy Oe3neuHuMu, OeMOHCMPYIOYU MIHIMATbHUL pieeHb MIKPOOHO20 3a0pyOHeHHs ma
8I0N0GIOHICNG 6CMANHOGIEHUM 2ICIEHIYHUM HOpMamueam. Hxicmv niozemHux 600 cmabiibHO 8UCOKA, Oe3 3HAUYUUX
anmponozennux 3a6pyonens. Boonouac eusieneno icmomnuii dedpiyum xonyenmpayii pmopudie (0,14-0,28 malon®),
WO BUKIUKAE 3AHENOKOEHHS Yepe3 Ni0sUleHull pusuK Kapiecy ceped micyeoeo HacenenHa. Kpim moeo, na okpemux
Micyesux 60003abopax cnocmepieaiomvcsi NiOGUUeHi pigHi dcopcmrkocmi ma Minepanizayii uepe3 npupooHi
2eonoeiyHi npoyecu, ocobaugo nomimui Ha 6o0ozabopax Bonibanano i Yynom-oma. [locnioxcenns nioxpecnioe
HeoOXiOHICmb NIOMPUMKU CYBOPUX 3aX00i68 CAHIMAPHOI 0XOPOHU, 0CODIUBO Yepe3 NOCMILHI AHMPONO2EeHH GNIUBU,
MAaKi K CibCbKO20CHOOAPChKA OLLIbHICMYb | HEKOHMPOLbOBAHI 3eMIsAHI pobomu nobausy 600o3abopie. Kpim moeo,
ananiz 0oszocmpokosux oanux (1990-2024) cgiouumes npo mosciusi KOMUSAHH MiHepanizayii nio3emHux 600,
NO6'sA3aHI 3 KIIMAMUYHUMU 3MIHAMU MA NPAKMUKAMU 3POULEHHS, WO GNIUBAIOMb HA 2iOPONIOSTUHUL PedCUM DIUKU
3apagwan. Omoice, icnyioui Odicepena eodonocmauanusi Camapkanoa € HAOMHUMU MA CMAOLTbHUMU, Hpome
DPEKOMEHO0BAHO CMBOPEHHSL 000AMKO8UX 80003a060pia, ocobnuso nobauzy cera Yybom na piuyi 3apadwan. e
CmMpame2iyHull po36UMOK 00360UMb 3HAYHO RNIOBUWUMU CAHIMAPHY HAOIUHICMb | 00820CMPOKOBY CMANICIb
iHpacmpykmypu 6odonocmayauts micma, 3adesneyyouu 6e3nexy epomadcbko2o 300p08’s ma NOKpauyiodu
3a2anbHe YRPAGAiHHs AKICII0 800U.

Knrouosi cnosa: sodonocmavanus, numna 600a, cicieniuna oyinka, Camapkano, axicmos 600U, CAHIMAPHA 0OXOPOHA
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