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Abstract: For the first time in scientific literature, this work addresses the current situation of the
Ishim River water quality in the Akmola Region (Northern Kazakhstan). This work uses environ-
mental monitoring techniques to analyze the current state of surface waters in the river. The content
of main ions, biogenic and inorganic ions, heavy metals, organic impurities in seasonal and annual
dynamics have been studied. Results show that, despite the tightening of requirements for wastew-
ater discharge into the Ishim River basin, a number of water quality indicators did not fulfill the
regulatory requirements for surface water bodies during 2013-2019. It has been identified that the
greatest pollution in the Ishim River is brought by enterprises of the Karaganda-Temirtau techno-
genic region, located in the upper reaches of the river. Future water quality monitoring is needed
and should include increasing the number of sampling locations and the sampling frequency in
order to characterize the spatial and temporal variability of hydrochemical parameters and allow a
comprehensive monitoring of legally fixed water quality parameters/indicators.
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1. Introduction

Despite the fact that the new millennium is over 20 years old, the problem of providing
the population with high-quality water for household and drinking purposes not only
remains relevant, but also becomes more acute for a number of countries. This problem is of
particular relevance for countries with developing economies, as well as those experiencing
a shortage of water resources [1-3]. Currently, surface waters are contaminated with an
increasing diversity of anthropogenic compounds, giving rise to the presence of complex
contaminant mixtures that represent a real environmental threat [4-10].

The imbalance between the anthropogenic load on water bodies and their ability to
restore can lead to an ecological disadvantage of lakes and rivers, and insufficient funding
for the needs of the water sector can cause an unsatisfactory (in places of emergency) tech-
nical condition of water facilities and a serious aggravation of the problems of supplying
the population with quality water for household and drinking purposes.

One of the most important indicators of water quality is the hydrochemical compo-
sition of surface waters, which is controlled by their geochemical background, natural
climatic conditions and the influence of anthropogenic sources [11].

On the scientific literature, it is generally accepted to divide all the factors influencing
the formation of the quality of natural waters into groups that differ in the nature of the
impact. This group of chemical factors includes pH, chemical composition and redox
properties. Relief features, landscape properties and climate characteristics are combined
into a group of climatic and geographical factors. Some of the direct and main factors are
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the composition of rocks, the geological structure of the basin and hydrological conditions.
Usually, they are all combined into a group of hydrogeological factors. Biological factors
include the activities of the natural environment (animals, plants, microorganisms) and
anthropogenic activities [12].

At the present stage, there is a transformation of the hydrochemical composition
of surface and ground waters as a result of anthropogenic stress [13-18]. The growth of
anthropogenic load on water systems has been going on since the middle of the last century
and continues at the present time.

Substances of natural origin (potassium (K) and sodium (Na) ions, sulfates and
carbonates, metals such as lead (Pb), cadmium (Cd), copper (Cu), manganese (Mn), zinc
(Zn), cobalt (Co), arsenic (As), etc.), and artificial substances alien to nature (surfactants,
pesticides, phenols, drugs, etc.), enter the water bodies with industrial wastewater, washout
from agricultural territories, with unorganized atmospheric flows, which increase the
natural concentration of elements in water tenfold [19-21].

Water supply to the population and the needs of the industrial and agricultural
activities is primarily provided by surface watercourses, the quality and quantity of which,
on the one hand, must correspond to the needs of consumers. On the other hand, it is
precisely as a result of interaction with humans that the quality of surface water deteriorates
significantly, and the amount of water available to humans changes [22,23].

The anthropogenic impact on surface watercourses is diverse and manifests itself first
in changes in the hydrological regime, flow volume and fluctuations in the ionic composi-
tion. The entry of pollutants into natural waters can change the gas regime of the aquatic
environment (transition to the anaerobic state), redox and acid-base conditions. In addition
to the combined action of these factors, the migration ability of ions changes significantly,
and the salt composition of natural waters also changes. An increase in the content of
suspended solids of organic and inorganic nature in the water of reservoirs, macro-and
microions of anthropogenic origin disrupt the natural processes of self-purification, worsen-
ing the vital activity of hydrobionts. Many of the ions present in watercourses in increased
quantities can cause serious illnesses and health problems in humans.

Numerous scientific works have established the effect of the flow of organic substances
on a decrease in the concentration of dissolved oxygen, an increase in the oxidation of
a reservoir and a change in the biological and hydrochemical parameters of the aquatic
environment. Toxic compounds (such as biphenyls, organochlorine compounds, pesticides,
polycyclic aromatic hydrocarbons and sulfur compounds) in surface waters reduce the
biological activity of aquatic organisms [24-26].

Several studies have been focused on researching current water resource systems in
Kazakhstan and Central Asia [27], including anthropogenic impacts on water resources, the
impact of climate change on water availability, water availability and the quality of water
supply, as well as water management and its impact on ecosystems quality. Regarding
water quality, research has been carried out only in a few rivers in Kazakhstan [28-32].

For the first time in scientific literature, this work addresses the current situation of
the Ishim River water quality in the Akmola Region (Northern Kazakhstan). This work
uses environmental monitoring techniques to analyze the current state of the river water.

Therefore, the objective of this study is performing an assessment of the Ishim River
water quality through the systematic analysis of its main hydrochemical parameters.

2. Materials and Methods
2.1. Description of the Study Area

Kazakhstan belongs to the group of countries with a large deficit of water resources
and occupies one of the last places among the Commonwealth of Independent States (CIS)
countries in terms of water availability (37,000 m®/km?). Water resources are distributed
over the territory of Kazakhstan extremely unevenly. According to the State Program for
Water Resources Management of Kazakhstan, more than 8% of settlements use drinking
water that does not meet quality standards. Salinity concentrations are generally above
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1.5 g/L, reaching even higher values in 176 settlements where the salt content is between
2-3 g/L. About 85% of surface water bodies cannot be classified as “clean”. The classifica-
tion of surface water quality in Kazakhstan into “quality classes” until 2015 was carried
out on the basis of calculating the integral assessment of the Water Pollution Index (WPI)
in accordance with [33]. The quality class “clean” was assigned to waters with WPI equal
to 0.3-1.0 units. The calculation of WPI was carried out according to six strictly limited
indicators, regardless of whether they have an excess over the maximum permissible
concentration (MPC) or not, among which the content of dissolved oxygen and biological
oxygen demand (BODs) is mandatory.

Since 2015, the assignment of a specific surface water quality class has been carried out
based on the calculation of the Integrated Water Pollution Index (ICWI) in accordance with
the Rules PR RK 52.5.06-03 of the Republic of Kazakhstan [34]. According to these rules,
the quality class “normatively clean” is assigned to waters with ICWI < 1.0. All pollutants
exceeding the maximum permissible concentration are taken into account in the calculation
of ICWI, broken down into groups: generalized and organoleptic indicators, main ions,
organic and inorganic pollutants.

In addition, the analysis of statistical data shows the absence of a stable positive
dynamics of purification for most of the Kazakhstan Republic’s water bodies. Surface water
bodies of the country are intensively polluted by wastewater from mining, metallurgical
and chemical industries and agriculture activities. About half of all industrial effluents in
the country are discharged into surface water bodies without any treatment.

Accordingly, the quality of drinking water in Kazakhstan lags behind the indicators
of developed countries. In 2014, it was found that approximately 1% of all deaths in
Kazakhstan are due to poor water quality. The rate of mortality and illness from poor water
quality could probably have been higher if deep scientific studies were conducted on the
correlation between water quality and biological effect.

The situation is aggravated by the lack of control over areal flushing into water bodies
and watercourses from the territories of settlements, from agricultural fields, from the
territories where various wastes are placed (dumps of overburden, ash dumps). These
negative changes in watercourses are aggravated against the background of climate drying
and intensification of soil erosion processes [35,36].

Studies on the largest rivers in Russia and Kazakhstan have revealed the deterioration
of aquatic ecosystems as a result of human activities. The results show a significant contri-
bution of the anthropogenic component to the change in the hydrochemical composition of
rivers (from 5% for calcium ions to 39% for chlorine ions) [37-39].

Figure 1 shows the location of the Akmola Region inside the Republic of Kazakhstan.
This region is located inside Northern Kazakhstan, with the city of Kokshetau being the
administrative center and one of the most dynamically developing regions of Kazakhstan
in recent years. It is characterized by an increasing population and employment in both
agricultural and industrial production. Water resources to fulfill the needs of the region’s
economy are provided by the Ishim River and its tributaries, the most significant of which,
in terms of length and water content, are the Kolotun, Zhabay, Iman-Burluk, Akan-Burluk
and Tersakkan rivers [40].

The semi-arid climate and geological and structural features of Northern Kazakhstan
and the Akmola Region, in particular, to a greater extent in comparison with other regions
of Kazakhstan, induce unfavorable conditions for the formation of significant resources of
both surface and groundwater suitable for domestic drinking water supply. In addition, at
the present stage of intensive industrial and agricultural growth, the aquatic ecosystems of
Northern Kazakhstan are also receiving a significant anthropogenic load associated with
an increase in the influx of heavy metals and biogenic elements that change the natural
hydrochemical regime and the quality of surface water courses [41-43].
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Figure 1. Location of the Akmola Region inside the Republic of Kazakhstan.

A limited number of publications devoted to the study of the hydrochemical compo-
sition of surface waters in Northern Kazakhstan have been identified in scientific litera-
ture [38,44-46]. These existing few scientific studies of surface waters are focused mainly
on the Ishim River, the most detailed description of the formation conditions of which was
carried out in the 20th century [47,48]. Modern studies of the river basin are limited to
the study of the Ishim River itself, discarding the study of its tributaries. The analysis of
the state of surface water quality in the region by hydrochemical indicators has not been
undertaken by previous scientific works in recent years. Therefore, the importance of this
study is even more relevant considering the effects of the increase of the population in the
cities of North Kazakhstan which leads to an annual increase in the technogenic load on
the river basin. Under these circumstances, the assessment of the water quality of surface
water bodies on this region is even more relevant.

The economic development of the area affects environmental pollution and induces
changes in water quality. The main sources of pollution of the basin along the entire course
of the river are municipal wastewater, untreated wastewater from industrial enterprises, as
well as ore wastewater from mining enterprises. Most of the surface water pollution comes
from wastewater from industrial plots that do not have sewage systems. The agricultural
activities justify the existence of the flow of organic and mineral fertilizers and pesticides
into the surface waters from agricultural fields located inside the catchment areas [49].

The most typical pollutants of the river basin are organic pollutants (such as phenols
and derivates) that have been identified by chemical oxidation methods. The river basin is
also polluted by other toxic substances: mercury, organochlorine compounds, waste from
mining industries and heavy and non-ferrous metals [50].

Industrialized regions such as the North Kazakhstan region, with the administrative
center in the city of Petropavlovsk, bring oil products, phenols and sulfates to the hy-
drochemical composition of the Ishim River, as well as toxic metals—molybdenum and
copper [51].

A decrease in the water discharge of the river worsened its water quality. Therefore,
in high-discharge years the water quality was assessed as “slightly polluted”, while in
years of average water discharge it was assessed as “polluted” and in dry years (periods of
drought) the water quality was assessed as “very dirty” [52].

Another important factor of anthropogenic impact over the Ishim River Basin is water
consumption associated with population growth and the development of human economic
activity. The following types of water consumption in agriculture are typical for agrarian
development in Northern Kazakhstan: watering of pastures and hayfields, regular and



Water 2021, 13, 1243

50f19

estuary irrigation and direct water supply to agriculture. The housing and utilities sector
and industry also extract water but to a lesser extent than agriculture.

The highest water consumption occurred in the 1970s and was associated with the
construction of reservoirs, the creation of a network of main water pipelines led, at that
time, to an increase in water consumption in the communal housing sector. The growth in
agricultural production also significantly increased the region’s water consumption.

Further changes in the volume and structure of water consumption are associated
with the economic decline after the collapse of the USSR in the1990s and the resumption of
economic development in Northern Kazakhstan after 2000. An important role in the growth
of water consumption in the housing and communal sector during this period is played by
population growth in connection with the construction of the capital (Nur-Sultan) [53].

The amount of untreated wastewater and water withdrawal in the basin during the
period 2014-2018 is shown in Table 1 [54,55].

Table 1. Wastewater discharge into the Ishim River Basin.

Wastewater Discharge (Mm?3/Year)

Discharge Type 2014 2015 2016 2017 2018
Water intake from natural surface water sources 22,215 21,472 23,572 24,247 24,076
Total volume of untreated wastewater discharged into water bodies 6205 5935 5205 5502 5408

Thus, under conditions of anthropogenic pressure on aquatic ecosystems, it becomes
increasingly difficult to solve the problem of ensuring the required water quality. In order
to effectively manage water resources, systemic monitoring of the quality of natural waters
and performing regular analysis of hydrochemical indicators in seasonal and long-term
dynamics are required. This will make it possible to timely identify negative manifestations
of the action of natural and anthropogenic factors in changing the ionic composition of
surface waters, to preserve human health [56].

2.2. General Characteristics of the Water Quality of the Ishim River Basin

The Ishim River Basin occupies an area of 245,000 km? in the Republic of Kazakhstan.
The river originates in the Niyaz mountain range in the Karaganda region and is the only
modern waterway of the Akmola Region. The river crosses the region from the south-east to
the north-west and then flows north, through the North Kazakhstan Region, to the Russian
Federation, where it flows into the Irtysh River. Thus, the Ishim River has a pronounced
transboundary character. Within the region, the river length is 2017 km [57]. Within the
city of Kamenny Quarry, the velocity of the river flow is 0.4-0.6 m/s.

Sampling was tied to gauging stations as shown in Figure 2. This study shows results
obtained at the Kamenny Quarry gauging station, located on the Ishim River which is
installed 0.5 km of North of Esil city. The Kamenny Quarry sampling station is the only
one which is available on the Ishim River within the area. Two more stations are located on
the Zhabay River (Balkashino and Atbasar) and other two sampling stations are located
within the North Kazakhstan Region, upstream and downstream of Petropavlovsk city.

The river catchment area is located within the Kazakh Uplands, where the river
receives waters from its largest tributaries: Koluton, Dzhabai, Tersakkan, etc. Right-bank
tributaries—Koluton, Dzhabai—collect water from the southern slopes of the Kokchetav
Upland, left-bank tributary Tersakkan from the northern slopes of the Dzhaksy-Arganaty
mountains. The Ishim River recurrently shows pronounced flooding and long dry seasons.
Flood duration is 1.5-2 months and increases downstream to 2-3 months. Floods account
for 85-90% of the annual runoff. Melt water formed from snow melting is the main source
of the river’s discharge [58].
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Figure 2. Location of the Kamenny Quarry sampling station inside the Ishim River basin within the Akmola Region.

Water supply within the boundaries of the region is quite enough to maintain a
constant water flow during summer and winter low-water periods. The river does not dry
out and does not freeze. Summer precipitation does not imply noticeable effects on the
water regime of the Ishim River and summer floods are not observed.

The beginning of spring marks the start of the flooding period. Water levels rise
around 10-12 April, reaching a peak by the end of April. The decline in high water usually
ends at the end of May in the southern reaches and at the end of June in the northern
reaches of the river [47].

Summer and autumn correspond to the low-water period, starting in June and lasting
until the end of October or mid-November. The flat relief of the catchment area with many
lake depressions and small slopes of the river contribute to stabilizing water levels during
the summer-autumn low-water period. As water reserves in the basin are depleted, they
decrease by the end of the low-water season. The lowest winter levels are usually observed
at the beginning of freeze-up [59].

One of the features of the Ishim River is the irregularity of the runoff both in the
seasonal and long-term sections. In the years characterized by low runoff, the runoff value
is 6-10 times less than the average according to long-term observations. In high-water
periods the runoff values are 2-3 times higher than the average values. The cycle of high-
water years is between 3 and 4 years, while for low-water years it is between 8 and 11 years.
The average annual volume of natural river runoff is shown in Figure 3. This value varies
from 0.186 km?/year in the section of the dam of the Astana reservoir above Astana city,
2.11 km?3/year in Petropavlovsk city, 2.23 km?/year in Ilyinka village at the border of the
Russian Federation and Kazakhstan and 3.22 km?/year at the mouth of the river.

The coefficient of variation is quite high and reaches its highest values of 0.7-0.75 in
the middle reaches of the Ishim [52].

The share of groundwater supply in the total runoff of river within the Akmola Region
is about 14%, but in especially dry years it sharply increases [60].

River waters within the region are characterized by an increased salt content, the
total mineralization recorded over a number of years decreases downstream, decreasing
from 1500 mg/L near the town of Kamenny Quarry to 450 mg/L at the river mouth.
The hydroclimatic conditions of the basin, characterized by a sharp predominance of
evaporation over the amount of precipitation, are primarily responsible for the increased
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mineralization of water. The moisture coefficient of the basin area, taken as the ratio of the
precipitation to the evaporation, is about 0.5, which reflects the natural discrepancy between
the heat and moisture resources. The aridity of the territory leads to the accumulation of
mineral salts in the soils and in the landscape as a whole. The runoff of melting water inside
the catchment area also leads to an increased supply of these salts to the waters of the Ishim
River and its tributaries [52]. This arid climate also justifies a significant mineralization of
groundwater.

7000
6000
5000 *

4000

3000
2000
1000 111
]
0
1926 1936 1946 1956 1966 1976 1986 1996 2006  Year

Figure 3. Annual runoff of the Ishim River within Northern Kazakhstan (Mm?).

The hydrochemical composition of the river changes depending on the river discharge
of every specific year and season. However, a certain regular pattern is observed: in
the southern course calcium cations predominate while hydrocarbonates predominate
among anions. Downstream the city of Astana, the chloride-hydrocarbonate composition is
noted (the latter during the flood period), among the cations while calcium ions are also
predominant. In the area of the Sergeevskoye reservoir and up to the outlet section of the
village of Dolmatovo the hydrocarbonate class of the calcium or sodium group is dominant.

Water hardness indicators vary within 2.95-3.88 mg/eq. (in spring flood), within
4-5.6 mg/eq. (in summer-autumn low-water period) and within 6.0-8.4 mg/eq. in winter.
The oxygen regime throughout the river has been repeatedly noted as satisfactory. The
minimum oxygen content is observed during the freeze-up period. On average, the
dissolved oxygen concentration at saturation is 88% [52].

Industrial and domestic wastewaters have a noticeable effect on the chemistry of
the river water. A distinctive feature of the hydrochemical regime of the Ishim River is a
well-defined seasonality of water salinity. Previous studies have shown that the salinity in
the study area, depending on the river discharge of the year, ranged from 717 mg/L to 953
mg/L. The flood period naturally dilutes the salt content with snow water, the value of the
total mineralization decreases to 286-350 mg/L, the ice coverage of the river surface and
the introduction of mineral salts by brackish groundwater increases the total mineralization
to 1032-1326 mg/L [61].

According to Zatenatskaya [62], river waters come mainly from alluvial deposits of
the river valley. They are classified as fresh and slightly saline with a total mineralization of
0.5-3.0 g/L. Moreover, strongly brackish and salty waters with a total amount of salts from
3.0 to 27 g/L were identified. Mineralization of groundwater in alluvial deposits varies
with depth and depending on the lithological composition of water-bearing rocks. Fresh
groundwater is usually confined to fine and uneven-grained sands, slightly saline- to loam
and sandy loam, saline- to heavy loam and sandy clays. The waters of the alluvial deposits
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of the Ishim valley are very diverse: hydrocarbonate—calcium-magnesium, hydrocarbonate-
sodium, sulfate—sodium and chloride-magnesium-sodium.

An analysis has been also performed about the variability of the river’s salinity within
the city of Astana in March (the month of the maximum content of dissolved substances).
The maximum mineralization period was found between 1951-1960 when the average
value reached 1728 mg/L. The minimum value of 940 mg/L was recorded in the decade
1971-1980.

2.3. Collection of Samples and Laboratory Treatment

Sampling of surface water was carried out in accordance with the standards of the
Republic of Kazakhstan (ST RK) and specifically the state compulsory standard (GOST R)
51592-2003 “Water. General requirements for sampling”. Sampling was tied to gauging
stations. The only gauging station on the Ishim River in this area is installed above 0.5 km
of the city of Kamenny Quarry.

The number and frequency of water sampling for surface sources taken at the points of
water intake is regulated by Appendix 4 of the Sanitary and Epidemiological Requirements
for Water Sources. These requirements recommend monitoring organoleptic, generalized
indicators, as well as organic and inorganic substances at least four times a year, distributed
by season. In this study, monthly water samples were taken in an amount sufficient for
all analytical measurements. In total, 12 samples were taken per year, 84 samples were
taken for the period 2013-2019. All measurements were performed in accordance with
the metrological requirements of the State Standard RK ST RK GOST R 51232-2003 [63].
Measurement results are considered reliable with the number of measurements performed
(at least three parallel measurements in one sample) if the determination error does not
exceed the norms established by the interstate standard GOST 27384-02. “Water. Rates of
measurement error of characteristics of composition and properties” for each measurement.
Measurements with an error not exceeding the standard value are ensured by the use
of measuring instruments entered in the state register of approved types of measuring
instrument and verified, as well as by the use of standardized methods for measuring
water quality indicators. When studying surface waters, 47 physicochemical quality
indicators were determined in the water samples: temperature, suspended solids, color,
transparency, dissolved oxygen, hydrogen index (pH), biological oxygen demand for
5 days (BOD:s), chemical oxygen demand (COD), the main ions of the salt composition,
biogenic elements, organic substances (oil products, phenols), heavy metals for 2013-2019
in seasonal and annual dynamics. The analysis of water quality indicators was carried
out using standard methods included in the state register of measurement methods of the
Republic of Kazakhstan in accordance with the standards in force in Kazakhstan (ST RK)
Guiding Documents (GD). According to GD 52.24.496-2005, temperature was determined
with a thermometer directly in the reservoir, transparency was determined visually by
the Secchi disk and smell was established by the organoleptic method. The smell was
evaluated by the intensity and nature of the smell at room temperature (20 °C) and when
heated up to 60 °C.

The photometric method was used to analyze water quality in terms of color (GD
52.24.497-2005) using a simulation scale based on potassium chloroplatinate and cobalt
chloride in various ratios.

Photometric methods have also been used to analyze ions capable of forming col-
ored complexes under certain conditions: total iron (GD 52.24.358-2006), total content of
manganese ions (GD 52.24.467-2008), chromium (IV) ions (ST RK ISO 18412-2008), nitrates
(GD 52.24.380-2006), nitrites (GD 52.24.381-2006), ammonium ions (GD 52.24.486-2009).
The volumetric titrimetric method was used to determine the content of chlorides (GD
52.24.407-2006), sulfates (GD 52.24.401-2006), total hardness (GD 52.24.395-2007), calcium
ions (GD 52.24.403-2007), hydrocarbonates (GD 52.24.493-2006), dissolved oxygen (GD
52.24. 419-2005), total oxidizability (GD 52.24.421-2012).
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The biological oxygen demand (BODs) was determined by the flask method based on
the oxygen consumption for the oxidation of organic substances present in natural water
samples. The oxygen content was determined by the titrimetric method by titrating a water
sample with potassium iodide on the day of sampling and by keeping (incubating) water
without access to light and air for 5 days (GD 52.24.420-2006).

Synthetic surfactants were determined by the extraction-photometric method (GD
52.24.368-2006). In the first stage, the complexes of the surfactant with bis (ethylenedi-
amine) copper were extracted with chloroform and the further displacement of the bis
(ethylenediamine) copper cation by the azure cation, which forms a colored complex with
the surfactant, quantitatively identified by the photometric method.

The atomic absorption method (GD 52.24.377-95) was used to analyze the water
quality by the content of ions Al, Ag, Be, Cd, Co, Cr, Cu, Mo, Ni, Pb, V, Zn, etc. This
method is based on the determination of the atomic absorption of metals, for which they
are dried and ashed in graphite tubes with a transmitted electric current. As a result of the
atomization of metals, the value of their absorption was determined by spectral lines.

The list of the main measured indicators, applied measurement methods and detection
limits of analytical methods are shown in Table 2. According to the metrological require-
ments of ST RK GOST R 51232-2003, all applied control methods have the lower limit of
the range of determined contents of not more than 0.5 MPC.

Table 2. Main measured water quality indicators, methods for their determination and detection limits.

Indicator Measurement Method Detection Limit
Temperature Thermometric (GD 52.24.96-2018) 0.2°C
pH Potentiometric (GD 52.24.495-2005) 0.1 units
Color degree Photometric (GD 52.24.497-2005) 1 degree
Transparency Water column (GD 52.24.496-2018) 0.5 cm
Dissolved oxygen Volumetric titrimetric (GD 52.24. 419-2005) 0.01 mg/L
Biological oxygen demand Titrimetric (GD 52.24.420-2006) 0.1mg/L
_ Total oxidizability Volumetric titrimetric (GD 52.24.421-2012) 0.1mg/L
(Chemical consumption of oxygen)
Hydrocarbonates Volumetric titrimetric (GD 52.24.493-2006) 1mg/L
Nitrates Photometric (GD 52.24.380-2006) 0.001 mg/L
Nitrites Photometric (GD 52.24.381-2006) 2 ug/L
Ammonium ions Photometric (GD 52.24.486-2009) 0.001 mg/L
Chlorides Volumetric titrimetric (GD 52.24.407-2006) 2mg/L
Sulfates Volumetric titrimetric (GD 52.24.401-2006) 10 mg/L
Calcium ions Volumetric titrimetric (GD 52.24.403-2007) 0.1mg/L
Magnesium ions Volumetric titrimetric (GD 52.24.395-2007) 0.1mg/L
Mineralization Gravimetric (GD 14.1:2:4.261-2010) 1mg/L
Phosphate ions Photometric (GD 52.24.382-2006) 0.002 mg/L
Sum of sodium and potassium ions Calculated (52.24.514-2002) 1mg/L
Iron total Photometric (GD 52.24.358-2006) 0.001 mg/L
Manganese ions Photometric (GD 52.24.467-2008) 0.001 mg/L
Chromium (IV) ions Photometric (ST RK ISO 18412-2008) 1pug/L
Synthetic surfactants Extraction-photometric (GD 52.24.368-2006) 6 ug/L
Cu, Ni, Cd, Al, Pb, Co, Zn Atomic absorption method (GD 52.24.377-95) 0.1 ug/L

In accordance with national legislation in Kazakhstan, the assessment of the compli-
ance of natural waters with sanitary and hygienic standards was carried out on the basis of
Appendices 1-3, 9 of the Sanitary Regulations “Sanitary and Epidemiological Requirements
for Water Sources, Water Intake Points for Household and Drinking Purposes, Household
and Drinking Water Supply, water use and safety of water bodies”.

In order to ensure the standard water quality for different water use objects in Kaza-
khstan, a water quality assessment system is being introduced, based on the values of the
MPC of chemicals in water.
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In this regard, the results of the quantitative analysis of water for each indicator were
compared with the maximum permissible concentrations in surface water bodies (MPCsw),
when the content of an ion or substance is compared with the maximum permissible
concentration of the corresponding ion or substance in the water of water bodies for
household, drinking and cultural purposes (MPCw) and with the maximum permissible
concentration in water bodies for fishery purposes (MPCfw) [64,65]. At the same time
as MPCsw, more stringent standards were established from the corresponding MPCw
and MPCfw.

Average annual concentrations of all quality indicators were used to assess the tempo-
ral dynamics of water quality. Average annual relative values were obtained as the annual
average of the ratios of pollutant concentrations to the corresponding MPC.

3. Results

This section shows the results found when analyzing the hydrochemical indicators of
the Ishim River at the gauging station of the city of Kamenny Quarry. These indicators were
obtained in the surface water monitoring system of the Republican State Enterprise “Kazhy-
dromet” with the author’s participation. As a result of scientific research, the physical and
chemical indicators for 2013-2019 were analyzed in seasonal and interannual dynamics.

Tables 3 and 4 show the 2013-2019 average of the organoleptic and generalized
indicators of the river waters and their monthly dynamics respectively. Table 5 shows the
seasonal change in the total salinity of the Ishim River in the same period.

Table 3. Organoleptic, generalized and biogenic elements of the Ishim River (2013-2019).

Year
Index MPCsw/MPCw
2013 2014 2015 2016 2017 2018 2019
—23.4 0-22.4 0-23.2 0-20.0 0-23.0 0—21.2 0-22.0
Temperature, °C el 24 T2 80 88 88 76 84
72-8.1 7.1-85 7.7—8.4 7.2-8.6 8.0-8.9 8.0-8.9 7.8-87
pH value -/(6-9) 77 78 82 77 84 84 82
. _ _ _ _ _ 0-0
Smell, points -/2 0 5 0 0 5 0 % 00 5 0 0-0 - 0 OTO N
15-25 10-25 10—40 10—40 10-30 5-30 15-43
Color degree -/20 2 18 24 23 20 16 29
T -/30 3.0-255 14.5-25.0 15.5—-40.0 8.5-25.0 6.0-25.5 11.0-25.5 9.5-25.0
ransparency, cm 215 20.0 245 235 22.0 23.0 22.0
Dissolved 4/4 6.28—9.62 4.48-14.0 5.02-10.2 5.28—11.2 532-1254  5.66—11.64 %
oxygen, mg/L 7.84 9.24 824 8.36 8.24 8.56 -
BODs5, mg 3/3 052-1.52 * 0.32-3.58 0.8-2.24 0.16—2.6 0.50—3.56 0.40—2.58 %
0,/dm3 0.92 1.96 142 1.48 1.44 1.30 .
Permanganate -/5 24.1-60.2 9.3-275 19.4-36.0 31.4-67.2 9.6—96.0 19.2—124.8 %
oxidation, mg/L 402 17.9 27.1 441 51.0 73.6 .
Mineralization, -/1000 4861802 561—1765 353—1856 4891598 3201635 3151489 435-1433
me/L 119 1220 1240 1043 1142 1087 1099
g
Ammonium 0.5/2 0.031-0.302  0.018—0.547  0.078—0478  0.117-0.371  0.089-0.977  0.041—0.609 W
salts, mg/L 0.103 0.283 0.280 0,245 0.366 0.288 -
Nitrate ions, 9.1/45 0210—1.931  0.056—0.525  0.023—-0.569  0.034—0.947  0.017—0.790  0.022—0.962  0.003—0.607
: 0.930 0.291 0.203 0.347 0.283 0.257 0.213
mg/L
Nitrite ions, 02/323 0.000-0034  0.001-0.022  0.001-0006  0.001-0026  0.002-0.025  0.001-0.038  0.002-0.108
L : : 0.010 0.012 0.010 0.009 0.010 0.013 0.017
mg/
Phosphate ions, 0.2/3.5 0.002-0.458  0.002—-0.090  0.004—0.148  0.011-0.049  0.003—0.080  0.002—0.062  0.002—-0.019
mg/L il 0.076 0.046 0.050 0.028 0.033 0.012 0.006

* numerator shows ranges of fluctuations of the indicators from minimum to maximum during the year; ** denominator is the average of
the indicator values over 12 months; *** not standardized.
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Table 4. Seasonal dynamics of the content of organoleptic, generalized and biogenic elements in the water of the Ishim
River for 2013-2019.

Monthly Values
Index MPCsw/MPCw (Minimum-Maximum)
1-3 4-6 7-9 10-12
Temperature, °C -/-* 0 0.4-21.0 14.2-23.4 0-10.0
pH value -/(6-9) 7.1-8.7 7.9-8.4 8.1-8.9 8.2-8.5
Smell, points -/2 0 0 0 0
Color degree -/20 10-20 1043 15-40 10-20
Transparency, cm -/30 24.0-25.0 3.0-25.0 23.0-24.0 22.0-25.5
BODs, mg O, /dm? 3/3 0.79-3.04 0.92-3.57 0.32-2.12 1.21-3.12
Dissolved oxygen, mg/L 4/4 4.47-10.85 8.06-12.20 5.49-10.20 8.44-13.16
Permanganate oxidation, mg/L -/5 19.4-124.8 18.5-56.7 17.9-67.8 14.5-40.8
Mineralization, mg/L -/1000 1326-1856 315-1623 648-1197 852-1367
Ammonium salts 0.5/2 0.041-0.366 0.078-0.977 0.207-0.673 0.018-1.962
Nitrate ions 9.1/45 0.105-1.931 0.023-0.743 0.017-0.212 0.003-0.132
Nitrite ions 0.2/3.3 0.000-0.038 0.003-0.022 0.000-0.009 0.001-0.108
Phosphate ions 0.2/3.5 0.002-0.037 0.003-0.458 0.003-0.148 0.003-0.054

* not standardized.

Table 5. Seasonal changes in the total salinity of water in the Ishim River within the Akmola Region
between 2013-2018 (mg/L).

Year Quarter of the Year
January-March April-June July-September October-December

2013 1500 400 740 1033
2014 1392 338 837 1178
2015 1848 353 472 1178
2016 1552 489 701 1134
2017 1635 320 900 1180
2018 1489 315 918 1021

The dynamics of changes in the main ions (hydrocarbonates, sodium, potassium ions
and total mineralization) was studied in seasonal dynamics according to the 2019 data.

Figure 4 shows results obtained in 2019 about the seasonal dynamics of macroions in
the water of the Ishim River. Figure 5 shows the seasonal changes in biogenic and inorganic
ions in the water of the Ishim River within the Akmola Region in 2019.

500 1600
450 - 1 1400
400
1200  mmm Mineralization
350 -
1000
S0 —@— Chloride ions
250 - 800
_ —&— Hydrocarbonate ions
200 600 Y
150 )
400  ——The sum of sodium and
100 - potassium ions
50 - - 200
0 - T T —t+ 0

January  April May July  October

Figure 4. Seasonal dynamics of macroions in the water of the Ishim River in 2019 (mg/L).
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Figure 5. Seasonal changes in biogenic and inorganic ions in the water of the Ishim River within the Akmola Region in 2019

(mg/L)

The content of microelements in water is an important indicator of its quality. Mi-
croelements are of great biological importance, but their excess can lead to undesirable
physiological consequences in the human body and aquatic organisms and can worsen
the general sanitary state of water bodies. Table 5 shows the content of microelements in
the river waters, for which, in different years, the maximum permissible concentrations
(MPCsw) for surface waters are exceeded.

An important hydrochemical indicator of surface waters is mineralization, including
the content of calcium and magnesium ions (determining the hardness of water) and the
content of sulfates, chlorides and hydrocarbons, which determine the ionic composition of
water. Moreover, the average content of heavy and rare earth metals—Pb, Cd, Co, Al and
Ni have also been obtained. Results show that MPCsw values for Ni and Co are generally
exceeded at the Kamenny Quarry gauging station. The values of all these indicators
are shown in Table 6. Table 7 shows the seasonal dynamics of the content of main ions,
microelements and heavy metals.
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Table 6. Content of main ions, microelements and heavy metals in the Ishim River 2013-2019 (mg/L).

Index MPCsw Year
/MPCw (*,**) 2013 2014 2015 2016 2017 2018 2019
ca2r 180/ #++ 44.7 — 180.1 33.6 —115.3 34.7 — 150.2 69.1 —132.3 334 —1474 36.4 —130.0 28.4 —130.0
a 85.4 74.6 82.7 99.7 92,5 86.1 86.1
Ma2* 40/- 15.2 — 68.1 10.7 — 86.2 17.8 — 96.8 55—45.6 9.4 —58.6 8.8 —53.8 14.8 —47.2
& 33.9 485 414 29.8 38.1 47.3 48.6
HCO- . 123 — 411 146 — 426 144 — 496 26 — 427 147 — 367 126 — 389 216 — 362
3 233 286 333 252 297 281 341
o 300/350 700 — 408 42 — 330 57 — 420 129 — 369 41 — 470 47 — 351 63 — 350
240 1865 266 266 269 251 226
” 100,500 60 — 360 60 — 350 60 — 410 70 — 290 40 — 380 50 — 280 60 — 270
SO} 180 200 250 190 220 220 200
Na* + Kt 170,- 50 — 321 44 — 331 65 — 298 55 — 310 43 — 380 23 —313 47 — 307
a + 166 188 171 174 228 209 199
c 0.001/1.0 0.0032 — 0.0077 0.0007 — 0.0054 0.0023 — 0.0093 0.0008 — 0.0073 0.0006 — 0.0012 0.0001 — 0.0028 0.0004 — 0.0018
u ’ ' 0.0043 0.0031 0.0044 0.0019 0.0010 0.0010 0.0009
7 0.01/5.0 0.0029 — 0.0252 0.0054 — 0.0241 0.0004 — 0.0216 0.0007 — 0.0690 0.0002 — 0.0437 0.0014 — 0.0184 0.0009 — 0.0356
n ' ' 0.0178 0.0157 0.0146 0.0204 0.0096 0.0066 0.0112
N 0.01/0.1 0.012 — 0.081 0.028 — 0.329 0.63 — 0.129 0.065 — 0.187 0.043 — 0.412 0.017 —0.114 0.046 — 0.185
n ’ ' 0.033 0.179 0.097 0.108 0.128 0.055 0.079
Fe total 01/03 0.040 — 0.080 0.010 — 0.260 0.014 — 0.282 0.040 — 0.153 0.030 — 0.860 0.030 — 0.190 0.050 — 0.160
¢tota S 0.060 0.140 0.095 0.058 0.190 0.130 0.070
cd 0.01/0.001 0.0001 — 0.0002 0.0000 — 0.0002 0.0001 — 0.0002 0.0001 — 0.0002 0.0000 — 0.0006 0.0000 — 0.0005 0.0000 — 0.0005
' ' 0.0001 0.0001 0.0002 0.0002 0.0001 0.0001 0.0001
- 0.1/0.03 0.0012 — 0.0076 0.0005 — 0.0011 0.0004 — 0.0034 0.0001 — 0.0036 0.0003 — 0.0012 0.0004 — 0.0016 0.0006 — 0.0015
o 0.0025 0.0008 0.0010 0.0020 0.0006 0.0010 0.0010
Ni 0.01/0.1 0.0023 — 0.0082 0.0014 — 0.0102 0.0019 — 0.0086 0.0007 — 0.0041 0.0011 — 0.0089 0.0004 — 0.0057 0.0012 — 0.0035
! ' ' 0.0060 0.0054 0.0042 0.0019 0.0027 0.0025 0.0022
c 0.01/0.1 0.0003 — 0.0012 0.0004 — 0.0026 0.0001 — 0.0014 0.0002 — 0.0007 0.0003 — 0.0009 0.0002 — 0.0015 0.0002 — 0.0018
0 ' ' 0.0007 0.0023 0.0008 0.0005 0.0005 0.0009 0.0010
Al 05/05 0.0388 — 0.3820 0.1714 — 0.3717 0.0339 — 0.1172 0.0080 — 0.1770 0.0253 — 0.1518 0.0037 — 0.1996 0.0479 — 0.2010
R 0.2258 0.2716 0.0594 0.0867 0.0814 0.0927 0.1031

* numerator shows ranges of fluctuations of the indicators from minimum to maximum during the year; ** denominator is the average of the indicator values over 12 months; *** not standardized.
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Table 7. Seasonal dynamics of the content of main ions, microelements and heavy metals in the water
of the Ishim River 2013-2019 (mg/L).

Monthly Values
Index MPCsw/ (Minimum-Maximum)
MPCw
1-3 4-6 7-9 10-12
Ca?* 180/-* 42.4-180.1 33.6-104.0 28.4-90.7 34.0-102.0
Mg?* 40/- 10.7-86.2 5.5-96.8 13.8-77.2 27.2-69.0
HCO; -/- 304-496 123-380 26-329 123-458
Cl~ 300/350 321-470 41-374 111-270 71-408
5017 100/500 251-380 41-331 106-329 164-426
Na*+ K* 170/- 247-380 43-193 126-331 171-306
Cu 0.001/1.0 0.0006-0.0054 0.0006-0.0093 0.0001-0.0053 0.0004-0.0044
Zn 0.01/5.0 0.0004-0.0241 0.0002-0.0463 0.0024-0.0690 0.0007-0.0204
Mn 0.01/0.1 0.033-0.168 0.016-0.412 0.017-0.111 0.012-0.081
Fe total 0.1/0.3 0.021-0.468 0.023-0.860 0.010-0.143 0.028-0.094
Cd 0.01/0.001 0.0000-0.0012 0.0000-0.0002 0.0000-0.0001 0.0000-0.0006
Pb 0.1/0.03 0.0001-0.0020 0.0006-0.0076 0.0003-0.0015 0.0003-0.0016
Ni 0.01/0.1 0.0004-0.0042 0.0010-0.0089 0.0007-0.00086 0.0013-0.0056
Co 0.01/0.1 0.001-0.0026 0.0002-0.0015 0.0003-0.0012 0.0004-0.0013
Al 0.5/0.5 0.0338-0.2975 0.0610-0.3820 0.0073-0.2210 0.0339-0.2535

* not standardized.

4. Discussion

Results obtained show that the greatest pollution in the Ishim River is brought by
enterprises of the Karaganda-Temirtau technogenic region, located in the upper reaches of
the river. Thus, comparing with the MPC, the content of mercury in the early 2000s was
recorded at 72 MPC. The decrease in the content of phenols occurred downstream of the
river from 50 MPC within the city of Nur-Sultan to 4.7 MPC within the city of Kamenny
Quarry [66].

In the 2000-2015 period, high concentrations of particularly persistent pollutants
and pesticides (hexachlorocyclohexane and DDT) were also detected in the river along its
entire length. The content of these particularly toxic substances varied from 0.001 pg/L to
0.03 pg/L. High concentrations in fresh waters of oil products (up to 6 MPC), manganese
(up to 20 MPC) and copper (6-7 MPC) were recorded.

Modern regulation of water quality in Kazakhstan is based on the principle of priority
of ensuring human safety and is based on sanitary and hygienic standards, taking into
account the concentration of pollutants in a dissolved state in the aquatic environment
(Tables 6 and 7).

In terms of organoleptic and generalized indicators, the requirements for surface
waters are met: pH value is within the normal range (average pH = 8.15), oxygen saturation
is at least 82% with a regular decrease to 52% in winter low-water periods; average
indicators of chromaticity (24 degrees), transparency (25 cm), odor (0 points) as shown in
Tables 3 and 4. Analysis of generalized and organoleptic indicators for compliance with
sanitary requirements for drinking water shows that additional purification of water from
organic pollutants is required before using it for drinking needs.

Besides, the river in the study area belongs to brackish waters with a salinity exceeding
this indicator downstream in the area of the Petropavlovsk city, where the average value of
the total mineralization usually did not exceed 820 mg/L [51]. If for surface waters this
indicator is not standardized, then the maximum permissible concentration for drinking
water is 1000 mg/L, exceeded in the autumn-winter period by 1.1-1.86 times (Table 6).
Due to the arid climate, the excess of evaporation over precipitation leads to salinity of
groundwater, feeding the river during the freeze-up period and increasing the total content
of salts in them, including magnesium and calcium ions (Table 6). Analysis of seasonal
dynamics (for 2013-2019) showed that during the freeze-up period, due to the groundwater
supply to the river, salinity increases to 1433-1802 mg/L, decreasing in the summer period
to 315-561 mg/L.

Similar seasonal dynamics were noted for the rest of the main ions (Figure 4). For
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example, due to the melting of the ice cover and an increase in the ambient temperature the
content of bicarbonate ions decreases from 362-496 mg/L in January to 112-216 mg/L in
May, which is associated with a decrease in the solubility of carbon dioxide in warm periods.

The seasonal dynamics of the main ions and the total mineralization content allows us
to conclude that natural geomorphological and climatic factors are decisive in the formation
of the water hydrochemical composition of the river for the main ions. The content of
the main ions in the river water naturally increases during the freeze-up period due to
the influx of more brackish groundwater, the value of the total mineralization during this
period has a maximum value (Figure 4).

Since the catchment area of the studied river is a zone of active farming, a zone of
intensive agricultural production, the content of biogenic ions, and primarily nitrogen and
phosphorus compounds, in the river water will be observed in all seasons (Figure 4).

The greatest values of biogenic elements are observed during the flood period, in
March (for nitrogen compounds), as well as in the summer-autumn period, when the
organic matter of water bodies decays. The content of Fe ions passes through a maximum
in June (2.82 MPCsw), according to the average annual value not exceeding 0.9 MPCsw.
In terms of nutrients, the river complies with the standards for surface water bodies and
for water for household and drinking purposes, and there is no excess of MPCw in all
observed years.

Results shown in Figure 4 and Table 6 demonstrate that the Ishim River meets the
requirements for drinking water for the content of iron ions; however, the requirements of
surface water bodies for this indicator are not met.

The analysis of results shown in Tables 6 and 7 shows that, in terms of the content
of heavy and rare earth metals, the river meets the requirements for drinking water, and
does not meet the requirements for surface waters exceeding the legal content of Cu, Zn
and Mn.

These high concentrations of Fe ions, as well as Cu, Zn and Mn are due to both the
anthropogenic influence of the capital, whose intensive industrial development has been
observed in recent years, and natural processes. The catchment area of the river is located
in the zones of ore occurrences of Mn, Cu—Au and Pb ores, confined to intrusive rocks of
various compositions, participating in the formation of the chemical composition of surface
waters. The entry of microelements into the water is also possible during weathering, as a
result of which cations of Cu, Zn, Mn, etc. are released and enter the surface water [50,67].

Analysis of the content of toxic ions (cyanides, Hg, synthetic surfactants, oil products,
phenols, Cr (+VI)) showed that during the entire analyzed time period (2013-2019), an
excess of sanitary standards in relation to the MPCw and MPCsw was not found.

5. Conclusions

The hydrochemical composition of the water of the Ishim River within the Akmola
Region in Kazakhstan is controlled by a complex combination of geological and geo-
morphological conditions as well as natural hydroclimatic and anthropogenic processes
occurring in the catchment of the river. It has been found that in the formation of the main
hydrochemical indicators, the prevailing role belongs to natural factors. The arid climate of
the basin and the peculiarities of the river catchment area lead to seasonal patterns in the
dynamics of the salt composition of water (total mineralization, Ca and Mg ions, Na ions,
chlorides and hydrocarbonates).

Results obtained show that the greatest pollution in the Ishim River is brought by
enterprises of the Karaganda-Temirtau technogenic region, located in the upper reaches of
the river. In order to ensure the standard water quality for different water-use objects, a
water quality assessment system is being introduced, based on the values of the maximum
permissible concentration (MPC) of chemicals in water, physical ingredients (mineral
particles, radioactive contamination, heat and cold) and microorganisms (coli index, titer,
etc.), as well as complex indicators of contamination.
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The river waters belong to the hydrocarbonate type with a predominance of calcium
ions. During the freeze-up period, waters are enriched with sodium, chlorine, and hydro-
carbonates. During the flood period, the total mineralization of the water decreases. The
greatest values of biogenic elements are observed during the flood period, in March (for
nitrogen compounds), as well as in the summer-autumn period, when the organic matter
of water bodies decays.

Despite the tightening of requirements for wastewater discharge into the Ishim River
basin, a number of water quality indicators did not fulfill the regulatory requirements for
surface water bodies during 2013-2019. The river along the alignment of the Kamenny
Quarry city is assessed as “normatively clean” in terms of generalized and main ions,
biogenic elements, organic and toxic substances, most heavy and rare earth metals. There
is a lack of compliance with the sanitary requirements for drinking water in terms of oxidiz-
ability and total mineralization. It has been noted that sanitary standards for surface waters
are exceeded in terms of the content of sulfates, Cu, Zn and Mn ions. The development of
occurrences of Mn, Cu-Au and Pb ores confined to intrusive rocks of various compositions
in the Ishim River Basin leads to increased concentrations of sulfate, Cu, Zn and Mn ions.

Future water quality monitoring is needed and should include increasing the num-
ber of sampling locations and the sampling frequency [68], in order to characterize the
spatial and temporal variability of hydrochemical parameters and allow a comprehensive
monitoring of legally fixed water quality parameters/indicators.
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