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The uneven distribution of open water sources, low flow rates, and a high degree of
mineralization of underground sources are constraining factors for the development of
animal husbandry in West Kazakhstan. The purpose of the study was to evaluate the
hydrochemical characteristics of groundwater in the aquifers in northwestern Kazakhstan
to determine their possibility for pasture water supply. During the study, 85 groundwater
samples were analyzed for the concentration of anions and cations, and total
mineralization and Piper diagrams were used to assess the quality of groundwater for
livestock watering. The hydrochemical analysis of water was carried out using chemical
and physicochemical methods. The analysis of water samples from boreholes and shaft
wells located within the Common Szyrt and the Pre-Szyrt ledge of the studied region
revealing groundwater from Upper Pliocene under-Szyrt sands and the locally aquiferous
lower and upper quaternary horizon of the upper part of the Szyrt stratum showed that in
17.2% of the sources, the water was highly brackish and in 10.3%, it was saltwater. In
boreholes located within the Caspian lowland of the studied region, exposing
groundwater of the Upper Pliocene Absheron deposits, water in 25.7% of the sources was
highly brackish, and in 17.1%, it was saltwater. In a separate area, boreholes with heavily
salted water were found that needed deep desalination. Despite the great diversity of the
composition and mineralization of groundwater, the authors established patterns in
changing hydrochemical parameters. They differed in different areas and aquifer
complexes and depended on the water body feeding conditions, the intensity of water
exchange, and the nature and composition of water-bearing rocks and water-soluble salts.
The findings suggest that the intensive use of pasture lands in a region with poor
freshwater availability is possible using technologies for the desalination of brackish and
salt groundwater. Enhanced water quality will lead to better livestock health and
productivity, contributing to higher agricultural output. This, in turn, will promote
sustainable agricultural practices, reduce the pressure on scarce freshwater resources, and
improve food security.
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1. INTRODUCTION

for livestock drinking water and domestic use accounting for
an estimated 50% of total water production. It is anticipated

Agriculture is the largest water consumption industry in the
world: more than a third of agricultural water is used to
produce animal products [1, 2]. Animal husbandry
successfully develops with sufficient water supply for
livestock and when farm animals can drink directly on pastures
[3]. Sheep farming is prevalent in arid and semi-arid areas,
with Asia and Africa hosting 42.6% and 31.7% of the global
sheep population, respectively, out of a total of 1.2 billion.
These regions primarily struggle with water scarcity [4, 5]. In
arid and semi-arid pastures, water for animals is obtained from
wells [6, 7]. Livestock breeders have to constantly change
pastures due to lack of water [6]. In drought-prone areas like
the semi-arid regions of the United States, South America, and
Australia, groundwater serves as a crucial water source for
grazing livestock. In Queensland's Great Artesian Basin,
grazing is the primary land use, with groundwater extraction
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that the pressure on global freshwater resources will intensify
due to increased meat consumption [8-10].

Providing livestock with high-quality water has the same
benefits as providing high-quality feed [11, 12]. Therefore,
providing livestock with good-quality water should be an
important component of pasture management [13]. Water
quality is crucial for maintaining the quality of livestock
products [14]. The presence of chemical compounds in
concentrations exceeding permissible levels in water
consumed by animals can reduce meat production and
endanger animal health [15]. To establish water quality criteria
for livestock in Argentina, Australia, New Zealand, the
Canadian Council of Ministers of the Environment (CCME),
and the Food and Agriculture Organization (FAQO) have set
maximum permissible values based on the presence of these
compounds in groundwater [16, 17].
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Understanding the hydrochemical properties of water in a
semi-arid climate is essential for sustainable development and
effective management of water resources [18]. Consequently,
hydrochemical characterization of different water sources on
a regional scale is crucial [19]. Hydrogeochemical studies
elucidate the relationship between the chemical composition
of water and the lithology of the aquifer [20-22].

Groundwater serves as a crucial alternative to meet
freshwater demands, as it is more evenly distributed than
surface water [23]. Groundwater resources are vital for food
security, energy supply, and other essential needs [24]. The
chemical composition of deep groundwater is influenced by its
origin and the type of rock it interacts with. The primary
solutes are rock-forming elements, with groundwater
containing NaCl concentrations (equivalent) below 5,000 ppm
being the most prevalent type [25].

The study area, northwestern Kazakhstan, was specifically
chosen due to its significant agricultural potential and the
critical role of groundwater in supporting livestock in this
region [26, 27]. The area faces unique hydrogeological
challenges, including uneven distribution of groundwater,
varying degrees of mineralization, and limited flow rates from
wells and boreholes. The topography, climatic factors, and
geological structure further complicate water availability and
quality [28].

The resource properties of groundwater garner significant
attention due to the high demand for freshwater in human
society. However, its overexploitation has led to numerous
environmental issues [29]. In many regions, groundwater
extraction has surpassed the replenishment rate from surface
water and precipitation [30]. Acute water scarcity in aquifers
is common in areas with concentrated irrigation, where
groundwater serves as the primary irrigation source. The
increasing demand for freshwater has resulted in a continuous
decline in groundwater levels, as precipitation alone has been
insufficient to replenish the deficit. Consequently, surface
waters have begun to recharge groundwater reserves, reducing
river runoff and potentially causing environmental impacts
[31].

2. LITERATURE REVIEW

In studies on pasture water supply in the West Kazakhstan
region, we performed an analysis of the state and problems of
pasture water supply in the natural and climatic zones of the
region [32-34]. The papers analyze the results of underground
source monitoring for pasture water supply. They contain the
results of laboratory hydrochemical analyses of water samples
from underground water supply sources for pasture cattle-
rearing sites.

The presence of groundwater with various degrees of
mineralization is confirmed by the data from the survey of the
territory [32-34]. Pasture water supply is one of the main
conditions for the use of pasture lands for grazing farm
animals [35].

Distant pastures in Kazakhstan are located mainly in desert
and desert-steppe zones and are unproductive in their natural
form, as they are poorly provided with water. Currently, only
32.6% of pastures in Kazakhstan are considered watered
pastures, and significant areas of pasture lands are not used.
The main source of water supply in pasture areas is
groundwater. Its distribution is uneven, and the flow rates of
boreholes, tube, and shaft wells are insignificant (0.1-1.51/s)
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and have low water quality in terms of physicochemical
composition. Of the total number of underground sources used
for water provision and water supply, about 30% have slightly
mineralized (up to 5g/l) or mineralized water (5-10g/1), and
even though their flow rates are high, they are practically not
used [36].

West Kazakhstan has great potential for a natural food
supply, and, with its rational use, significant success can be
achieved in the production of livestock products. The presence
of significant pastureland with high productivity distinguishes
the West Kazakhstan region among other regions in western
Kazakhstan as a region with great prospects for the
development of the livestock industry. The total area of the
region's pastures is 10,144.1 thousand ha, which is 73.3% of
the total territory of the region. The Kaztal district is one of the
largest districts of the region in terms of pasture area (Figure
1).

The presence of significant pasture land makes it possible
to keep cattle, using pasture cattle rearing in most areas of the
region. Since the Kaztal district has the largest number of
agricultural animal livestock in the region, this area was
chosen as the focus of the study (Figure 2).

The formation of groundwater, its distribution, depth of
occurrence, qualitative composition, and amount of resources
are influenced by surface topography, climatic factors, surface
runoff, geological structure, and hydrogeological features of
the territory.
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Figure 1. Pasture areas of the West Kazakhstan region, ha
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Figure 2. Farm animal livestock in the districts of the West
Kazakhstan region



The most promising and used aquifers for pasture water
supply in the Kaztal district are the upper quaternary marine
Khvalynsky aquifer, the locally aquiferous lower-upper
quaternary horizon of the upper part of the Szyrt stratum, the
Upper Pliocene subsurface aquifer, the Upper Pliocene
Absheron aquifer, and the Upper Pliocene Akchagyl
aquiferous horizon.

Aquifers of marine sediments of the Caspian transgressions
are distributed mainly within the Caspian lowland of the
studied region. The groundwater here is confined to interlayers
and lenses of mixed-grained sands with a non-uniform area.
The waters lie at depths from 3-5m in depressions (estuaries,
potholes, sandy plains, etc.) to 15-20m in elevated areas. In the
near-Szyrt plains, the waters open at a depth of 7-25m. The
strong salinity and poor washing of the Caspian sediments, and
the presence of numerous salt marshes, salt lakes, and salt
domes cause high mineralization of groundwater (from 10 to
300g/1 or more). Fresh and slightly saline waters (1-3g/1)
formed by infiltration of atmospheric precipitation lie mainly
along the outer margin of the Caspian lowland at depths of 2-
10 m on an area of about 40-50 thousand km?.

The aquifer complex of undifferentiated quaternary and
combined upper-lower quaternary and Pliocene sediments
occupies Common Szyrt and a strip of the pre-Szyrt ledge of
the studied area. The total thickness of Szyrt deposits varies
from 10-20m on the slopes of valleys to 55m on watersheds.
At the base of the Szyrt stratum, one or two aquifers are
deposited in fine-grained, rarely multi-grained quartz sands,
with a total thickness of 1-2 to 6-10m. In addition to these
("sub-Szyrt") sands, layers of aquifer sands and sandy loams
at depths from 10-15 to 20-35m are found in the sediments of
the pre-Szyrt ledge.

In the northeastern part of the Common Szyrt, the pre-Szyrt
sands do not have a continuous distribution and are often
replaced by interlayers of sandy clays with interlayers of
gravel, light gravel, and sand nests. Groundwater has a
sporadic distribution here. In the rest of the territory, where the
aquifer of the Szyrt stratum is hydraulically connected to the
waters of the Pliocene, it is well maintained along the course

and in some places has a pressure up to 5-12m. The thickness
of the aquifer is insignificant and rarely reaches 10m.

Pliocene deposits occupy the western and central parts of
the Caspian Basin (the Caspian lowland, Szyrt, and Pre-Szyrt
regions), where they are mainly represented by terrigenous,
and along the sides of the depression by continental deposits
of Akchagylian and Absheron layers. Groundwater is mainly
pressurized and is captured in the studied area by tube wells
(boreholes). Within the limits of the Common and Trans-Ural
Szyrt, the pressure height varies from 8 to 100m, and in the
Caspian lowland up to 150-200m or more. The water levels in
the boreholes are set at depths from 5 to 40m. One of the most
important zoohygienic factors contributing to the preservation
of health and increased productivity of animals is
uninterrupted watering with sufficient quantities of good-
quality drinking water.

However, groundwater resources of adequate quality in the
locations of pasture livestock rearing in the northwestern part
of Kazakhstan are very limited. Administratively, the shortage
of water resources is most acute in the pasture lands of the
Kaztal district of the West Kazakhstan region.

Thus, to determine the possibility of using groundwater to
water pastures in the northwestern part of Kazakhstan, we set
a goal to study the hydrochemical characteristics of
groundwater aquifers in the pastures of this region.

3. MATERIALS AND METHODS

These studies were conducted in 2023. The objects under
study were underground water sources for water supply to the
pasture cattle rearing sites in the Kaztal district of the West
Kazakhstan region. In most of the region, groundwater is used
to water pastures.

In the surveyed area, the sources of livestock watering are
shaft wells and tube wells (boreholes). Water samples were
taken from 85 boreholes and shaft wells in the study area to
study the quality of groundwater (Table 1).

Table 1. Composition of the study samples

District/Area Number of Samples Source Type
Karaoba rural area 4 Wells
obaru ¢ 2 Boreholes
7 Boreholes
Kushankul rural area 3 Wells
. 1 Boreholes
Kayindy rural area 4 Wells
Taldykuduk rural area 1 Boreholes
Bolashak rural area 2 Wells
Akpater rural area 1 Boreholes
Kaztal rural area 2 Borcholes
ru ¢ 1 Wells
9 Boreholes
Terenkul rural area 4 Wells
. 10 Boreholes
Brik rural area 7 Wells
8 Boreholes
Bostandyk rural area 4 Wells
1 Boreholes
Zhanazhol rural area 1 Wells
Kukterekrural area 2 Wells
Karasu rural area 1 Boreholes
Tald | 1 Boreholes
aldyapan rural area ’ Wells
Karauzen rural area 2 Wells
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Table 2. Indicators of surveyed boreholes and wells of the Kaztal district of the West Kazakhstan region

Water Sources Quantity, Pieces Depth, m Diameter, m (mm) Debit, dm’/s Mineralization, g/dm3
Shaft wells 39 4.0-21.58 1.0-2.0m 0.06-2.0 0.34-86.92
Boreholes 46 20-93 114-202mm 0.4-3 0.4-41.3

Samples were taken directly from wells and shaft wells that
were used for watering livestock. The location of each water
sample was recorded using a GPS device (Garmin eTrex 10).
Water sampling was carried out according to the regulatory
document "Nature Protection. The hydrosphere. Devices and
tools for sampling, primary processing, and storage of natural
water samples" regulated in the Republic of Kazakhstan for
sampling water from springs. Water samples were collected in
new plastic bottles that had been washed three times on site
with the same sampling water, after a significant pumping time
(more than 30 minutes) to avoid stagnation and contamination
of groundwater in wells, then filled and immediately closed to
avoid exposure to air. Each bottle was labeled to identify it. If
the delivery of samples to the laboratory was delayed for more
than 24 hours, the water samples were preserved.

When examining water sources, the following source
parameters were determined: the flow rate of the source, the
depth of the well, and the diameter of the borehole casing
(Table 2).

To assess underground water sources crucial for supplying
water to pasture cattle rearing sites, we analyzed laboratory
hydrochemical data from water samples. Water samples from
these underground sources were collected to measure
parameters such as total mineralization, and the concentrations
of carbonate, bicarbonate, chloride, sulfate, calcium,
magnesium, sodium, and potassium ions. These specific ions
were chosen due to their significant impact on water quality
and livestock health. High levels of certain ions, such as
chlorides and sulfates, can reduce water palatability and have
laxative effects on animals [37]. Similarly, elevated
concentrations of calcium and magnesium can affect animal
growth and productivity.

The hydrochemical analysis was performed using chemical
and physicochemical methods. The method for determining
the chloride content was based on the precipitation of chlorine
ions in a neutral or slightly alkaline medium with silver nitrate
in the presence of potassium chromate as an indicator.

Total mineralization levels were analyzed to understand the
overall salinity of the groundwater, as high mineralization can
render water unsuitable for livestock consumption without
desalination. The selected ions and mineralization levels are
standard indicators of water quality used in hydrochemical
studies and align with guidelines set by international
organizations such as the Canadian Council of Ministers of the
Environment (CCME) and the Food and Agriculture
Organization (FAO) [38].

The approximate content of chlorine ions was determined
by sediment or turbidity. The chlorine ion content (mg/l) was
determined by calculation. The method for determining the
sulfate content was based on the precipitation of sulfate ions
in a hydrochloric acid medium with barium chloride in the
form of barium sulfate. The content of sulfates (mg/l) was
determined by calculation. Carbonates and bicarbonates were
determined by the titrimetric method. Carbonates and
bicarbonates in terms of the mass of carbonate and bicarbonate
ions were determined by sequential titration visually with such
indicators as phenolphthalein and methyl orange. The mass
concentrations of carbonates and bicarbonates in mg/dm?3 were
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determined by calculation. Calcium determining method:
Calcium was titrated in an alkaline medium (pH=12) with a
solution of trilon B with murexide as an indicator. The mass
concentration of calcium in mg/dm*® was determined by
calculation. In the complexometric method for the
determination of magnesium in the presence of calcium, the
sum of calcium and magnesium was titrated with a solution of
trilon B in the presence of an ammonium-ammonia buffer
solution (pH=9-10) with black chromogen as an indicator.
When processing the results, the volume of the trilon B
solution consumed for the determination of calcium by the
calcium determination method was considered. The mass
concentration of magnesium in mg/dm’ was determined by
calculation. The determination of Na+ and K+ was carried out
by calculation in mg/I.

According to the Sanitary Rules and Regulations (SanPiN)
No. 209 "Sanitary and epidemiological requirements for water
sources, places of water intake for household and drinking
purposes, household and drinking water supply and places of
cultural and domestic water use and safety of water bodies",
approved by Order No. 209 of the Ministry of National
Economy of the Republic of Kazakhstan dated March 16,2015,
permissible concentration in water samples should not exceed
350mg/1 for chloride, 600mg/1 for sulfate, 150mg/1 for calcium,
and 100mg/1 for magnesium.

4. DATA ANALYSIS

Analytical, statistical, and laboratory hydrochemical
(spectrophotometric) research methods were used to assess the
qualitative characteristics of groundwater. When working on
the paper, we performed a comparative analysis of the
obtained information. Statistical data analysis was carried out
using the Excel 2010 Analysis Package.

The classification of hydrochemical facies of the selected
water samples from the study area was analyzed and presented
graphically on the Piper diagram to display the main chemical
components of the waters. The Piper diagram is a widely used
graphical representation in hydrochemical studies to display
the chemical characteristics of water samples. It consists of
two triangular fields, each representing the composition of
cations and anions, and a diamond-shaped field representing
the combined composition. This method allows for a clear
visualization of the water types and comparison of
hydrochemical data across different samples. The Piper
diagram helps in identifying hydrochemical facies,
understanding the geochemical evolution of groundwater, and
comparing the water quality of different sources within the
study area [39].

The trilinear Piper diagram is used to graphically represent
the chemical composition of water samples. This diagram
considers the percentage values of six ionic groups: calcium,
magnesium, and sodium plus potassium cations, along with
sulfate, chloride, and carbonate plus bicarbonate anions. To
compare waters with different mineralization levels and obtain
proportional values, the number of milligram equivalents is
converted into percentage equivalents. The water composition



is listed in ascending order, from low-content ions to
predominant ions, starting with anions and then cations. The
results of the hydrochemical analysis of underground water
sources are displayed in Piper diagrams using the graphical
method in Excel. These diagrams illustrate the degree of
mineralization and the salt composition of the underground
water sources.

5. RESULTS

The concentrations of cations and anions, as well as the
mineralization of water source samples, are shown in Figures
3-5.

As the results shows in the Figures 3-5, Boreholes and wells:

1-4: boreholes; 5, 6: wells (Karaoba rural area); 7-13:
boreholes and 14-21: wells (Kushankul rural area); 22:
borehole and 23-26: wells (Kayyndin rural area); 27, 28: wells
(Bolashak rural area); 29: borehole (Taldykuduk rural area);
30: borehole (Akpater rural area); 31, 32: boreholes and 33:
well (Kaztal rural area); 34-42: boreholes and 43-46: wells
(Terenkul rural area); 47-56: boreholes and 57-63: wells (Brik
rural area); 64-71 boreholes and 72-75: wells (Bostandyk rural
area); 76: borehole and 77: well (Zhanazhol rural area); 78, 79:
wells (Kukterek rural area); 80: borehole (Karasu rural area);
81: borehole and 82, 83: wells (Taldyapan rural area); 84, 85:

wells (Karauzen rural area).

Boreholes and wells: 1-4: boreholes; 5, 6: wells (Karaoba
rural area); 7-13: boreholes and 14-21: wells (Kushankul rural
area); 22: borehole and 23-26: wells (Kayyndin rural area); 27,
28: wells (Bolashak rural area); 29: borehole (Taldykuduk
rural area); 30: borehole (Akpater rural area); 31, 32:
boreholes and 33: well (Kaztal rural area); 34-42: boreholes
and 43-46: wells (Terenkul rural area); 47-56: boreholes and
57-63: wells (Brik rural area); 64-71 boreholes and 72-75:
wells (Bostandyk rural area); 76: borehole and 77: well
(Zhanazhol rural area); 78, 79: wells (Kukterek rural area); 80:
borehole (Karasu rural area); 81: borehole and 82, 83: wells
(Taldyapan rural area); 84, 85: wells (Karauzen rural area).

Boreholes and wells: 1-4: boreholes and 5, 6: wells
(Karaoba rural district); 7-13: boreholes and 14-21: wells
(Kushankul rural area); 22: borehole and 23-26: wells
(Kayyndin rural area); 27, 28: wells (Bolashak rural area); 29:
borehole (Taldykuduk rural area); 30: borehole (Akpater rural
area); 31, 32: boreholes and 33: well (Kaztal rural area); 34-
42: boreholes and 43-46: wells (Terenkul rural area); 47-56:
boreholes and 57-63: wells (Brik rural area); 64-71 boreholes
and 72-75: wells (Bostandyk rural area); 76: borehole and 77:
well (Zhanazhol rural area); 78, 79: wells (Kukterek rural
area); 80: borehole (Karasu rural area); 81: borehole and 82,
83: wells (Taldyapan rural area); 84, 85: wells (Karauzen rural
area).
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However, the results of laboratory chemical analyses of the
concentrations of anions and cations in water samples taken in
the study area show that the concentration of bicarbonate in
water samples varies from 6.1mg/1 to 610mg/l, from 23.7mg/1
to 49,368mg/1 for chloride, from 21.8mg/l to 6,949mg/1 for
sulfate, from 14mg/1 to 2,300mg/1 for calcium, from 4.2mg/1
to 5,600mg/l for magnesium, and sodium and potassium
concentrations in total in all water samples varies from Omg/1
to 31,164mg/l. Thus, a significant number of underground
sources are characterized by exceeding the normative
indicators for these elements.

Of the surveyed boreholes and shaft wells located within the
Common Szyrt and the Pre-Szyrt ledge of the studied region,
where groundwater from the Upper Pliocene subsurface sands
and the locally aquiferous lower-upper quaternary horizon of
the upper part of the Szyrt column is used, the water in 44.8%

of the sources is fresh in terms of mineralization, 27.5% it is
brackish, in 17.2% highly brackish, and in 10.3% it is saltwater.

From the surveyed shaft wells located within the Caspian
lowland of the studied region, where the groundwater of the
upper Quaternary marine Khvalynsky deposits is used, the
water of the sources is mainly fresh in terms of mineralization.

Of the surveyed boreholes located within the Caspian
lowland of the studied region, where groundwater from the
Upper Pliocene Absheron deposits is used, the water in 22.8%
of the sources is fresh in terms of mineralization, in 34.2% it
is brackish, in 25.7% highly brackish, and in 17.1% it is
saltwater.

The classification of hydrochemical facies of selected water
samples from the study area analyzed in the Piper diagram is
shown in Figure 6.
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Figure 6. Chemical characterization of the most heavily mineralized waters of boreholes and wells in the Kaztal district

In Figure 6, Boreholes and wells: F1: borehole (Karaoba
rural district); F2, F3: a borehole and a well (Kushankul rural
area); F4, F5: wells (Bolashak rural area); F6, F7: boreholes
(Brik rural area); F8: borehole (Taldyapan rural area); F9: well
(Karauzen rural area); F10: borehole (Bostandyk rural area);
F11: borehole (Zhanazhol rural area); F12: borehole
(Taldykuduk rural area).

The collected samples of the most highly mineralized
waters from the studied area were plotted on the Piper diagram,
which shows that the main cation in the water samples is
sodium and potassium in total. In all collected water samples,
the main anion is chloride. As can be seen from Figure 6, the
water of the borehole located in the Pashka wintering area (F8)
is magnesium and sodium chloride water in terms of salt
composition, the water from the Shunkyrkul (F10) and
Aykhan (F12) wintering areas contains sodium/magnesium
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chloride, the water from Narolgen (F11) wintering area
contains magnesium/calcium/sodium chloride, the water from
the Akbot (F1), Temirlan (F2), Kadyrbolat (F6), and Aizhanar
wintering areas (F7) contains sodium chloride, the water from
the Karakaduk wintering area well (F3) contains
magnesium/sodium/calcium chloride, the water from the
Akkurai wintering area (F4, F5) contains sodium/magnesium
chloride, and the water from Kazkuduk wintering area (F9)
contains calcium/sodium chloride.

6. DISCUSSION

The organization of pasture water supply is directly
dependent on the availability of water resources.
Hydrochemical analysis of water samples allows for the



assessment of the suitability of these water sources for
supplying water to pasture lands.

Despite the great diversity of the composition and
mineralization of groundwater, we established patterns in the
change of hydrochemical parameters, which, depending on the
water body feeding conditions, the intensity of water exchange,
the nature and composition of water-bearing rocks and water-
soluble salts, are not the same in different areas and aquifer
complexes.

Poor water quality can negatively impact water and feed
intake, nutrient utilization, and overall animal health and
productivity. Reliable water quality assessments are essential
initial information sources for identifying potential water
quality issues. Cows and young calves at the onset of lactation
are sensitive to poor water quality, such as high mineralization
and increased sulfate concentrations, which can result in
inadequate water consumption, poor growth, or reduced
lactation performance.

According to research results, the maximum values of water
quality parameters allowed for watering farm animals are as
follows: calcium and chlorides: 100mg/l, magnesium, sodium,
and sulfates: 50mg/l, potassium: 20mg/l, bicarbonates:
1,000mg/l, and mineralization: 960mg/l. Concentrations
above which problems may occur in farm animals have the
following limits: bicarbonates: 1,000mg/l, calcium: 200 and
more than 500mg/1, sodium: 300mg/1 for all types of livestock
[10], 20mg/1 for calves, chlorides: 300mg/l, sulfates: 300 and
more than 2,000mg/l, magnesium: 100 and more than 125mg/1,
potassium: 20mg/l, and mineralization: 3,000 and more mg/I
[40-42].

Relatively high concentrations of sodium, potassium, and
calcium in natural waters are generally not considered
problematic for cattle and sheep. The presence of salts of
alkaline earth metals like calcium or magnesium in drinking
water is desirable since calcium and magnesium salts are
necessary for the animal body. They give the water a certain
taste and to an extent prevent its contamination. However, a
high content of these salts is undesirable. Studies of the
concentration and effect of chlorides on the animal body show
that disturbances in the physiological reactions of the body are
possible only with fairly large amounts of these elements in
water (500mg/l or more). Sulfates give the water a bitter taste
and have a laxative effect at elevated concentrations (750mg/1
or more). High concentrations of sulfates (1,000mg/l) can
cause disorders of the secretory activity of the stomach,
digestion, and absorption processes. The concentration of
sulfates in drinking water is allowed in the range of no more
than 500mg/1 [30].

Despite the significant attention given to other essential
nutrients by animal scientists and livestock breeders, water
quality has not been adequately studied. Most discrepancies in
water quality recommendations arise from the limited
information on the effects of different concentrations of
drinking water on ruminant health and productivity [43].
Mineral element concentrations, a partial indicator of water
quality, vary significantly not only across the country but also
within specific geographical regions. Natural groundwater and
surface waters, often unsuitable or suboptimal for human
consumption due to high concentrations of chemical
compounds (e.g., certain mineral elements), are already used
in animal husbandry [40-42]. This trend is expected to become
more prevalent in the future. Therefore, it is crucial to
understand whether and how lower-quality water can be
utilized or treated, or both, to make it suitable for the livestock
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industry without compromising animal health, productivity, or
possibly product quality (e.g., dairy products) [44, 45].

In studies of water supply for pasture lands in the West
Kazakhstan region, the problems of pasture water supply were
most severe in the semi-desert zone, where a significant
portion of pastures was underutilized due to the lack of
drinkable water. In pasture livestock rearing, the most
accessible water supply is surface water. The highest density
of surface water sources for pasture water supply is found in
the steppe and dry steppe zones of the region. Approximately
half of the region requires additional water supply for pasture
lands. Many farms rely on shaft wells drilled over 40 years ago,
which have low flow rates (0.01-0.09 1/s). In some farms,
boreholes drilled in recent years for livestock watering have
high water mineralization levels (up to 41,300mg/dm3) and
are not used due to unsuitability, leading to an acute shortage
of suitable water for livestock [46]. It can be seen from
previous studies that, along with measures contributing to the
improvement and development of pasture cattle rearing, which
can be used for water supply pastures and are certainly of great
importance at present in the Kaztal district, the problem of
highly mineralized underground water sources remains
unresolved. Pastures in rural districts are not in common use,
and each farm has the boundaries of its pastures. The animals
do not have the opportunity to move from their pastures to
others in search of water suitable for livestock. Therefore, the
farmers must solve the water problem in their pastures based
on the available water resources. In many farms, groundwater
is highly mineralized, and in this situation, desalination is the
solution to the problem. The territories of Western Kazakhstan
with groundwater resources suitable for domestic drinking
water supply with a predominant mineralization of up to 1g/1
equals 144.2 thousand km? (19.8% of the total area of the
region). The territories with groundwater resources that are
conditionally suitable for domestic drinking water supply
without desalination and everywhere with desalination with a
mineralization of up to 3g/l, is estimated at 142.5 thousand
km? (19.6%); and the area with groundwater resources suitable
for domestic drinking water supply with pre-desalination with
a mineralization of more than 3g/1 equals 269.4 thousand km?
(37.0%). The area of the places with the predominant
distribution of unpromising aquifers and groundwater with a
mineralization of more than 10g/l or practically waterless
territories equals 172.58 thousand km? (23.7%). During the
monitoring of boreholes, it was observed that about 31% of
boreholes in the Kaztal district of the region were not being
operated due to the high mineralization of groundwater. To
solve the problems of the development of pasture cattle rearing,
there is a need for the rational use of groundwater, including
mineralized water, after desalination by various methods that
do not require significant energy costs. In this case, it is
possible to supply the source water with a mineralization of 2-
7g/l to the watering place of animals without treatment.
According to hydrochemical indicators, brackish and saltwater
springs need filtration and desalination, while deep
desalination is necessary for boreholes with heavily salted
water.

The restoration of the water infrastructure due to the
widespread use of groundwater will increase the area of
pastures with sufficient feed productivity for the maintenance
of beef cattle on them.

Studies of water sources for pasture supply allow us to state
the direction of pasture land water supply due to the use of
easily accessible groundwater from the surface of aquifers.



7. CONCLUSIONS

Thus, the vast territory of northwestern Kazakhstan,
covering the Kaztal district of the West Kazakhstan region,
with its rich pasture lands, has favorable conditions for the
intensive development of pasture cattle rearing. These are
prerequisites for the successful development of the area.

For the intensive development of pasture cattle rearing, it is
necessary to take measures to effectively use pasture lands and
provide them with water resources. Underground water
sources play an important role in providing water supply to
pasture lands in the region. Despite the significant diversity of
chemical composition and degree of mineralization, there are
significant reserves of groundwater located at various depths
and aquifers. Many boreholes and wells with highly
mineralized waters require desalination of water, since there is
no alternative source of water for watering livestock in these
pastures.

Future research should establish long-term monitoring
programs to track changes in groundwater quality and quantity
over time, assessing the effectiveness of implemented
desalination technologies. Comprehensive studies on the
impact of improved water quality on livestock health,
productivity, and product quality, including meat and dairy,
are needed.

Improving water quality for livestock has the potential to
significantly = enhance agricultural productivity and
sustainability in the region.
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