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Brazhinsky Stream, This study presents a multicomponent assessment of pollution and the ecological status of
surface water quality, surface waters in the Brazhinsky Stream, located within the city of Ust-Kamenogorsk (Eastern
heavy metals, Water Kazakhstan). The assessment is based on the analysis of water turbidity and hydrochemical
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composition. The results show that turbidity values range from 47.7 to 54.3 NTU, indicating
a high content of suspended solids and their significant role in the transport of pollutants.
Hydrochemical analysis revealed persistent exceedances of maximum permissible
concentrations for several elements, with copper, zinc, aluminum, and iron making the greatest
contribution to overall contamination. Copper concentrations reach up to 44.2 times the
permissible limit, while zinc concentrations are as high as 9.8 times the allowable level,
indicating pronounced anthropogenic impact. An integrated assessment of water quality was
carried out using the Water Pollution Index (WPI), with values of 2.27, 2.75, and 3.68 recorded
for the upper, middle, and lower sections of the stream, respectively. According to the
classification scheme, these values correspond to the category of “polluted water,” with a clear
trend of increasing contamination downstream. It is shown that the Brazhinsky Stream, despite
not directly discharging into the Irtysh River, plays an important role in the redistribution of
pollutants within the system of surface and groundwater. The findings indicate a significant
anthropogenic load on the watercourse and highlight the need for regular hydrochemical
monitoring of small streams in urbanized areas.

1. INTRODUCTION

Under conditions of intensive industrial development, the issue of surface water quality
is becoming increasingly important, particularly in urbanized regions with a well-developed
mining and metallurgical sector [1...3]. The city of Ust-Kamenogorsk is one of the largest
industrial centers in Kazakhstan, where non-ferrous metallurgy, energy production, and
mechanical engineering enterprises are concentrated. Long-term anthropogenic impact has led
to the release of substantial amounts of pollutants into the environment, including heavy metals,
which are capable of accumulating in ecosystem components and exerting prolonged adverse
effects on the hydrosphere [4...6].

Small watercourses play a particularly important role in shaping the ecological status of
aquatic systems, yet they are often excluded from regular monitoring programs [7, 8]. At the
same time, they act as primary accumulators of pollutants and as pathways for their transfer into
larger water systems [9]. The Brazhinsky Stream is one such watercourse — a small stream
flowing within the urban area of Ust-Kamenogorsk and subjected to complex anthropogenic
pressures. Despite the absence of direct discharge into the Irtysh River, this stream may exert an
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indirect influence on both surface and groundwater systems through infiltration processes and
the redistribution of contaminants.

An important aspect in the assessment of surface water quality is the comparison of
obtained data with regulatory standards, in particular maximum permissible concentrations
(MPCs), which allows for the evaluation of anthropogenic pressure on a watercourse. At the
same time, it should be taken into account that elevated concentrations of certain elements may
be associated with the natural geochemical features of a region. For example, studies of the
Olgokhta River have shown that concentrations of several elements (e.g., Fe and Mn) may
exceed regulatory levels without a direct link to anthropogenic impact [10]. In this regard, the
use of regulatory criteria in combination with consideration of natural background conditions
enables a more accurate interpretation of hydrochemical data and the identification of
components of anthropogenic origin.

Results of studies on small watercourses show that elevated concentrations of heavy
metals may form not only under the influence of anthropogenic factors, but also under conditions
of minimal human impact due to the natural geochemical characteristics of a territory. For
example, in small rivers on the western slope of the Irandek Ridge, exceedances of MPCs have
been recorded for elements such as Cu, Fe, Pb, Zn, and Cd, which is attributed to the leaching of
ore-bearing and bedrock formations and the specific geological structure of the area [11]. These
findings indicate that, when assessing surface water quality based on regulatory standards, it is
necessary to consider the potential influence of natural factors, which enables a more
substantiated interpretation of results and the differentiation between natural and anthropogenic
components of pollution.

Thus, the integrated consideration of regulatory indicators and natural factors is a
necessary condition for an objective assessment of the water quality of small watercourses.
Contemporary approaches to water quality assessment are based on a comprehensive analysis of
hydrochemical parameters and the application of integrated indices that allow for the
generalization of multicomponent information on pollution [12, 13]. Particular attention is given
to heavy metals such as copper, zinc, iron, and aluminum, which are characterized by high
toxicity, persistence in the natural environment, and the ability to bioaccumulate [14...16]. In
addition, turbidity is an important indicator of the ecological status of aquatic systems, reflecting
the content of suspended solids and their role in the transport of pollutants [17].

The Brazhinsky Stream is a small watercourse located within the city of Ust-
Kamenogorsk, flowing from north to southwest through an urbanized area. It originates in the
northern foothills of the Uba Ridge and belongs to the Irtysh River Basin. The total length of the
stream is approximately 14.3 km, with a catchment area of 36 km?. The width of the riverbed
between the banks reaches about 10 m, while the actual width of the water flow during the low-
flow period is significantly smaller. The water depth during the low-flow period does not exceed
0.3 m.. The bed is predominantly sandy-silty with inclusions of fine gravel. The hydrological
regime is characterized by a predominance of snowmelt feeding: peak discharges occur in spring,
whereas during the low-water period the flow decreases significantly and may be intermittently
disrupted by rainfall-driven flood events.

Thus, the studied watercourse is characterized by pronounced seasonal variability in
runoff and increased sensitivity to external, including anthropogenic, impacts. According to
design and environmental documentation, the Brazhinsky Stream serves as a recipient of
stormwater and industrial wastewater, which determines its vulnerability to pollution [18].

It should be noted that the Brazhinsky Stream is not among the water bodies subject to
regular state hydrological monitoring with publicly available observation data. Therefore,
information on its hydrological regime and individual extreme hydrological events is limited and
is available mainly from open-access published sources.

In regional media publications, cases of anthropogenic impact on the watercourse have
been reported, including the discharge of contaminated waters from energy infrastructure
facilities. An incident of pollution of the Brazhinsky Stream associated with an accidental release
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of clarified water from the territory of the Ust-Kamenogorsk CHP Plant used for the transport of
ash-and-slag waste has been documented [19]. A sudden deterioration in water quality has also
been reported, accompanied by changes in water color and signs of severe contamination [20].
Additional sources of pollution include organic waste, such as grain residues entering the stream,
as well as littering of the riparian zone, indicating a persistent nature of anthropogenic impact
[21]. According to publicly published sources, the stream is characterized by pronounced flood
activity and is considered a potentially hazardous element of the urban drainage system, as
evidenced by flooding events during the snowmelt period [22]. In this regard, regular hydraulic
engineering works are carried out on the Brazhinsky Stream, including dredging of bottom
sediments and channel deepening, aimed at preventing flooding and maintaining the drainage
function of the watercourse.

The presented data indicate the complex nature of anthropogenic impacts on the
Brazhinsky Stream and highlight its significant role in shaping the ecological condition of the
urban aquatic system.

Despite the existence of individual studies devoted to the hydrochemistry of large rivers
in Eastern Kazakhstan [23, 24], small watercourses in urbanized areas remain insufficiently
investigated, which limits the ability to provide an objective assessment of environmental risks
and to develop effective environmental protection measures. In this regard, there is a need for
detailed multicomponent studies aimed at identifying spatial patterns of pollution and assessing
the ecological status of such aquatic systems. The aim of the present study is a comprehensive
assessment of pollution and the ecological condition of surface waters in the Brazhinsky Stream
based on the analysis of turbidity, hydrochemical composition, and the calculation of the
integrated Water Pollution Index (WPI), as well as the identification of the role of this
watercourse in the redistribution of pollutants within the urban area. The scientific novelty of
this study lies in obtaining new data on the spatial distribution of pollutants in the Brazhinsky
Stream, identifying priority pollutants, comprehensively assessing the ecological status of a
small urbanized watercourse using the Water Pollution Index and visualizing the spatial
distribution of pollutants through a heat map.

2. MATERIALS AND METHODS

2.1 Study area and sampling

The object of the present study was the Brazhinsky Stream (Figure 1), located within the
city of Ust-Kamenogorsk (Eastern Kazakhstan) (Figure 2).
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Figure 1. Surface waters of the Brazhinsky Stream within the urban area of Ust-
Kamenogorsk. (a - 61a Nursultan Nazarbayev Street (the actual width of the water
flow during the sampling period: 2.9 m); b - 1/5 Mostovaya Street (the actual width of
the water flow during the sampling period: 2.6 m).)

The watercourse flows through an area of intensive industrial development and is subject
to significant anthropogenic impact (Figure 3). Water sampling was carried out at three sites
representing different sections of the stream: the upper reach (Brazh 1), the middle reach (Brazh
2), and the lower reach (Brazh 3). The sampling points were selected taking into account the
hydrological regime and the location of potential pollution sources. Surface water sampling was
conducted in August-September 2025 in accordance with the hydrochemical monitoring
program (Table 1, Figures 2...3).

Table 1
Actual sampling sites
No. | Site | Sampling date | Coordinates of sampling point ] Remarks
1 Brazh 1 26.08.2025 50°02721.27" N, 82°35%09.11 F  Brazhinsky Stream tributary,
headwaters
2 Brazh 2 24.09.2025 49°5903.52" N, 823544527 Middle reacgt‘;‘;;‘: Brazhinsky
3 Brazh 3 24.09.2025 49°5904.24" N, 82°33727.937 . -OWer (outlet) reach of the Bra-

zhinsky Stream
Brazhinsky Stream ; 4 Legend
- » Brazhinsky Stream
S rash &s Irtysh River
iy \ A Low hazard level
i & & Medium hazard level
B\
»
)

O sampling points
® Source of the Brazhinsky Stream
© Tailings Storage Facities

Figure 2. Overview map of the Brazhinsky Stream and locations of sampling sites
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Figure 3. Scheme of the distribution of anthropogenic impact sources within the
Brazhinsky Stream catchment area

According to the information bulletins of RSE "Kazhydromet" [25], the study was
conducted within the same summer—autumn hydrological season, which is characterized by a
unified hydrochemical monitoring regime for surface waters. The obtained results were
interpreted to assess the spatial distribution of hydrochemical parameters along the Brazhinsky
Stream.

Surface water samples were collected in accordance with ST RK ISO 5667-6-2017 [26]
and GOST 59024-2020 [27]. At each sampling site, three point samples were collected from
different parts of the cross-section of the watercourse, namely from both banks and the central
part of the channel. Sampling was carried out in flowing water, avoiding areas of stagnant water,
accumulated bottom sediments, and dense aquatic or riparian vegetation. Samples were collected
at a depth of 20...30 cm below the water surface to avoid collecting the surface film and
disturbing bottom sediments.

The volume of each point sample was 0.5 dm®. The three point samples were then
combined in equal proportions to obtain one composite sample with a total volume of 1.5 dm?,
representing the water composition at each sampling site.

Pre-cleaned polyethylene containers with tightly sealed lids were used for sample
collection. During transportation, the samples were stored in a thermal container and protected
from direct sunlight. Since the Brazhinsky Stream is located within the city of Ust-Kamenogorsk,
all samples were delivered to the laboratory within one hour after collection, and the analyses
began immediately upon their arrival. For metal analysis, a separate aliquot of each sample was
acidified with nitric acid to pH < 2 and stored at a temperature of 2...5 °C.

2.2 Methods

Within the framework of this study, stream discharge was not measured. Therefore, the
interpretation of the spatial distribution of pollutants is based on the analysis of the
hydrochemical composition and turbidity of the surface waters.

Water turbidity was measured in field conditions using a Hanna HI 93414-02 turbidimeter
with an accuracy of £0.1 NTU. At each sampling site, three replicate measurements were taken,
and the results were averaged [28]. Turbidity of surface waters was considered as an integral
indicator of suspended solids content and was used to assess their role in the migration of
pollutants. All measurements were carried out prior to chemical analysis.

Chemical analyses were performed at the Laboratory of Analytical Research of the
VERITAS Center of Excellence, D. Serikbayev East Kazakhstan Technical University.
Chemical element analysis was performed using inductively coupled plasma mass spectrometry
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(ICP-MS) after sample filtration through 0.45 pm membrane filters and acidification for
preservation (HNOs, pH < 2) [29]. Macro- and microelements, including heavy metals, were
determined. Quality control of the analytical measurements was performed using standard
calibration solutions, and the reported results represent the mean values of parallel
determinations [30]. The combined analysis of turbidity and the chemical composition of the
Brazhinsky Stream water was used to identify spatial patterns in the distribution of pollutants
and to assess the influence of natural and anthropogenic factors.

In the present study, the assessment of surface water quality in the Brazhinsky Stream
was carried out using the Water Pollution Index (WPI) to process and integrate information on
the chemical composition of surface waters, with the aim of obtaining a comprehensive
evaluation of their pollution level. According to the methodology, the degree of water pollution
in a water body can be assessed based on a set of pollutants at any sampling site, over any defined
time period, and using any set of hydrochemical parameters [31]. In this study, maximum
permissible concentrations (MPCs) of harmful substances for fisheries water bodies were used
as reference standards [32], as these standards are the most stringent among the existing surface
water quality standards and are widely applied in the environmental assessment of natural water
body pollution. The use of fishery MPCs makes it possible to assess the potential impact of
pollutants on aquatic ecosystems and ensures the comparability of the obtained results with those
of both domestic and international studies.

The exceedance factor of the maximum permissible concentration (MPC) was calculated
for each chemical element as the ratio of the measured concentration of the substance to the
corresponding regulatory limit value:

Ci
MPCi

where Ci - is the measured concentration of the iii-th element in water (mg/dm?);

MPCi - is the maximum permissible concentration of the corresponding element
(mg/dm?3).

For the integrated assessment of water pollution in the Brazhinsky Stream, the Water
Pollution Index (WPI) was calculated as the arithmetic mean of the MPC exceedance factors for
all considered components:

1)

WPl =21y G @)

n“=i=1ypc;

where Ci - is the measured concentration of the element; MPCi - is the maximum
permissible concentration; n - is the number of considered parameters.

This index is an integrated dimensionless indicator of water pollution level and is used
for comparative assessment of water quality at different sampling sites. Only regulated
substances with established MPC values were included in the calculation. Exceedance factors
below unity (in cases where MPCs were not exceeded) were also included in the WPI calculation,
which allows for consideration of the overall chemical load on the water body. Based on the
obtained results, the pollution level was assessed (Table 2) and priority pollutants were
identified.

Table 2
Water classification according to WPI
No. | WPI Water quality
1 <0,3 very clean
2 03...10 clean
3 10...25 moderately polluted
4 25...40 polluted
5 40...6,0 dirty
6 >6,0 very dirty
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3. RESULTS AND DISCUSSION

The cartographic scheme of the Brazhinsky Stream (Figure 1) illustrates its spatial
location within the city of Ust-Kamenogorsk, as well as its relationship with the main natural
and anthropogenic components of the environment. The watercourse is situated within the right-
bank part of the valley of the Irtysh River and has a total length of approximately 14.3 km. The
stream originates in the northern part of the study area (approximately 49.99° N, 82.63° E) and
flows predominantly from north to southwest, passing through agricultural lands and further
across the urbanized territory of the city. In the middle reach (site “Brazh 17), the watercourse
retains a relatively natural character; however, downstream (site “Brazh 2”) it intersects an area
of intensive industrial development. In the lower reach (site “Brazh 3”), the stream loses a well-
defined channel and, according to cartographic data, has no direct surface connection to the
Irtysh River, partially discharging into topographic depressions and the groundwater system.

Morphologically, the Brazhinsky Stream belongs to gully—ravine type watercourses. The
channel is meandering and unbranched, with steep banks 2...3 m high. The stream width within
the main banks is about 10 m, while the actual width of the flowing water during the autumn
sampling period was significantly smaller, ranging from 2.6 to 2.9 m at the study sites (Figure
1). The banks are steep and unstable with respect to erosion, which promotes the active transport
of suspended matter, especially during rainfall-induced flood events. The average water depth is
approximately 0.1 m, the flow velocity is 0.25 m/s, the channel roughness coefficient is 0.04,
and the mean monthly discharge (95% exceedance probability) is 0.01 m*/s. The channel bed is
predominantly sandy-silty with inclusions of fine gravel and vegetation. The watercourse is
perennial, with a pronounced increase in discharge during periods of intensive precipitation [18].

The hydrological regime of the stream is characterized by pronounced seasonal
variability. During the spring flood period (late March to early April), increases in water levels
and discharge are observed due to snowmelt, and rainfall-induced flood events may also occur.
The low-water (baseflow) period, which typically establishes in May under conditions of no
precipitation, is marked by a substantial decrease in runoff, which may be intermittently
interrupted by rainfall events. The highest discharges and water levels are recorded during the
spring flood. Thus, the Brazhinsky Stream is a small watercourse with predominantly snowmelt-
fed hydrology and a significant contribution of short-term rainfall-driven flood events to runoff
formation. In combination with the morphological characteristics of the channel, this promotes
the active transport of suspended solids.

Within the Brazhinsky Stream catchment area, the main sources of anthropogenic impact
are localized. In the middle reach, along the left bank over a distance of approximately 0.9 km,
the industrial site of KAZ CERAMICS is located, from which stormwater and meltwater runoff
is discharged directly into the stream channel. The buffer zone between the facility fence and the
stream bank is partially occupied by tree plantations; however, further upstream, approximately
70 m from the channel, the tailings storage facility of the Ulba Metallurgical Plant (Figure 2) is
situated, the influence of which may be manifested through surface runoff formed along the
fence and entering the watercourse. In the lower reach, the stream flows through the northern
industrial zone of the city, which includes large enterprises such as Kazchrome (Kazzinc) LLP
and Vostokmashzavod, corresponding to the area of maximum anthropogenic pressure.

Thus, the Brazhinsky Stream is a small urban watercourse flowing through the city of
Ust-Kamenogorsk, which is characterized by a high degree of industrial development. Its
morphological features, hydrological regime, and spatial location relative to industrial facilities
create favorable conditions for the formation and transport of pollutants. At the same time, the
absence of a direct surface connection to the Irtysh River indicates its important role in the
redistribution of contaminants between surface and groundwater systems within the studied
basin.

Under these conditions, the assessment of factors controlling the mechanisms of pollutant
transport within the watercourse becomes particularly important. One such factor is the content
of suspended particles, which can participate in the migration of contaminant compounds. In this

183



Seraya et al

Hydrometeorology and Ecology Ne3 (123), 2026

regard, to provide a more comprehensive characterization of pollutant redistribution processes
in the Brazhinsky Stream, an analysis of water turbidity was carried out as an indicator reflecting
the development of the suspended phase and its role in transport processes. Elevated turbidity
values recorded at all studied sites of the Brazhinsky Stream (Table 3) indicate a high content of
suspended matter in the watercourse. The maximum turbidity was observed in the headwaters
(Brazh 1), reaching 54.3 NTU, while in the middle and lower reaches (Brazh 2 and Brazh 3),
values were 47.7 NTU. Such a distribution may be attributed to the input of suspended material
from the catchment area and active channel erosion processes in the upper part of the stream.

Table 3
Mean turbidity values (NTU) by sampling sites
No. | Mean turbidity (NTU) | Site description
1 54.3 Tributary, headwaters of the stream
2 47.7 Middle reach of the Brazhinsky Stream
3 47.7 Lower (outlet) reach of the Brazhinsky Stream

Heavy metals are capable of adsorbing onto the surface of suspended particles, which
facilitates their transport in association with the solid phase. Under the conditions of the
Brazhinsky Stream, this creates prerequisites for the migration of pollutants along the channel,
as well as for their accumulation in bottom sediments and in zones of reduced flow velocity.
Given the absence of a direct surface connection between the stream and the Irtysh River,
increased water turbidity may promote the involvement of pollutants in infiltration processes and
their subsequent transport within the groundwater flow system.

The obtained results are consistent with current understanding of the role of suspended
solids in the migration of heavy metals in small urbanized watercourses. According to previous
studies, an increase in the concentration of suspended particles promotes the adsorption of
cadmium, zinc, lead, and other metals onto the surface of the solid phase, thereby increasing
their transport capacity and facilitating their subsequent accumulation in bottom sediments.
These processes are particularly pronounced in small watercourses with unstable banks and
active channel erosion, where suspended matter becomes one of the main carriers of pollutants
[33].

A hydrochemical study of the Brazhinsky Stream waters was conducted at three cross-
sections representing different parts of the watercourse: the headwaters (Brazh 1), the middle
reach (Brazh 2), and the mouth section (Brazh 3). The obtained results of chemical element
concentration analyses (Table 4) made it possible to perform a comprehensive assessment of the
water pollution level. The analysis showed that the chemical composition of the Brazhinsky
Stream waters is characterized by significant spatial variability. For most elements, an increasing
trend in concentrations is observed downstream, indicating the accumulation of pollutants as the
stream flows through the urbanized area of Ust-Kamenogorsk. The most pronounced changes
are observed for alkali and alkaline earth elements. In particular, the sodium concentration
increases from 4.79 mg/dm? in the headwaters to 42.84 mg/dm? in the middle reach, followed by
a slight decrease to 28.31 mg/dm® in the mouth section. A similar trend is observed for
magnesium, whose concentration rises from 3.65 mg/dm® to 31.48 mg/dm?, which may be
associated with the input of mineral salts from surface runoff and anthropogenic sources.

Calcium concentrations range from 10.30 to 31.23 mg/dm?, remaining well below the
maximum permissible concentrations, which indicates the predominantly natural origin of this
element.

The Eastern Kazakhstan region is characterized by a complex geological structure and a
widespread occurrence of ore deposits, which determines the presence of a natural geochemical
background of a number of elements in natural waters. In this regard, elevated concentrations of
certain components may be partly associated with natural factors. In particular, the increased
concentrations of iron and aluminum (Table 4) may be attributed to the leaching of rock-forming
minerals, as well as to the transport of fine-dispersed particles within suspended matter. At the
same time, the identified exceedances of maximum permissible concentrations, which are of a
persistent nature, indicate that natural factors are not the sole source of these elements. This
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suggests a significant role of anthropogenic impact in the formation of the chemical composition
of the Brazhinsky Stream waters.

In this context, particular attention should be paid to the distribution of heavy metals,
which serve as key indicators of anthropogenic pollution in aquatic systems. The concentration
of aluminum exceeds the maximum permissible concentration (MPC) at all sampling sites. In
the upstream section, the concentration reaches 0.147 mg/dm?, corresponding to 3.7 MPC. In the
middle reach, the aluminum level decreases to 2.4 MPC; however, in the mouth section, it
increases again to 4.8 MPC, which may indicate an additional input of this element in the lower
part of the stream. Iron concentrations also exceed regulatory limits at all studied sites. The
highest exceedance is observed in the headwaters of the stream, reaching 3.2 MPC, whereas in
the middle reach the level decreases to 1.2 MPC. In the mouth section, the concentration
increases again to 2.2 MPC. Elevated iron content may be associated with both the natural
geochemical characteristics of the area and anthropogenic pollution sources.

It should be noted that, in areas with well-developed mining and metallurgical industries,
distinguishing between the natural and anthropogenic sources of pollution is a challenging task.
Under such conditions, elevated aluminum concentrations are often associated with a
combination of natural rock weathering and additional inputs from industrial emissions and
surface runoff, as has been repeatedly reported in studies of mining regions [34]. The review by
[35] showed that, in mining areas, Fe is among the elements that most frequently exceed
background levels and water quality standards, together with Cu, Zn, Mn, and Pb.

Table 4
Mean turbidity values (NTU) by sampling sites
Eleme Brazh 1 Brazh 2 Brazh 3
n n n
| Mec, Jooe yal ¢ |Yal o | o |y
mg/dm? | €, mg/dm MPC; LMPQ mgiam® | MPC, | S MPCi| mgam | mMPc, | & MP
Be 0.0001 0.00007 0.70 0.00002 0.20 0.00003 0.30
B <0.5 0.24630 0.49 0.23420 0.47 0.17820 0.36
Na 120 4.79 0.04 42.84 0.36 28.31 0.24
Mg <20 3.65 0.18 31.48 157 20.25 1.01
Al 0.04 0.14702 3.68 0.09557 2.39 0.19371 4.84
P 0.1 0.11320 1.13 0.10790 1.08 0.12060 121
K 50 1.07 0.02 3.27 0.07 3.14 0.06
Ca 180 10.30 0.06 31.23 0.17 23.83 0.13
Cr 0.1 0.00350 0.04 0.00539 0.05 0.00601 0.06
Mn 0.01 0.00760 0.76 43.22 0.00488 0.49 52.21 0.00659 0.66 69.97
Fe 0.1 0.32093 3.21 0.12453 1.25 0.22242 2.22
Co 0.005 0.00108 0.22 0.00062 0.12 0.00077 0.15
Ni 0.008 0.00334 0.42 0.00388 0.49 0.00462 0.58
Cu 0.001 0.02422 24.22 0.03257 32.57 0.04424 44.24
Zn 0.01 0.05846 5.85 0.07026 7.03 0.09821 9.82
As 0.002 0.00243 1.22 0.00286 143 0.00394 1.97
Mo 0.001 0.00066 0.66 0.00222 2.22 0.00153 1.53
Cd 0.001 0.00014 0.14 0.00014 0.14 0.00019 0.19
Pb 0.006 0.00109 0.18 0.00065 0.11 0.00239 0.40
WPI 2.27 2.75 3.68
Water quality Moderately polluted Polluted Polluted

The most significant exceedance of regulatory limits is observed for copper. Its
concentration amounts to 24.2 MPC in the headwaters, 32.6 MPC in the middle reach, and
44.2 MPC in the mouth section. Thus, copper represents the principal contaminant of the
Brazhinsky Stream waters. Such high concentrations may be related to industrial activities
characteristic of the Ust-Kamenogorsk area. A similar pattern is observed for zinc, with
concentrations of 5.8 MPC in the headwaters, 7.0 MPC in the middle reach, and 9.8 MPC in the
mouth section. The increase in zinc concentration downstream also indicates its anthropogenic
origin. Arsenic is present at concentrations exceeding regulatory limits by 1.2 ... 2.0 times, which
likewise suggests potential anthropogenic impact (Figure 4).
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The spatial increase in copper and zinc concentrations downstream is consistent with the
results of studies conducted in urbanized catchments, which have shown that land use, industrial
activities, and the condition of riparian zones have a significant impact on heavy metal
concentrations in small watercourses. In industrial catchments, a significant proportion of the
heavy metal load can be directly attributed to industrial sources and surface runoff from
urbanized areas [36, 37].
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Figure 4. Multiples of maximum permissible concentration (MPC) for major
pollutants at the studied sampling sites of the Brazhinsky Stream

The analysis of the heat map of maximum permissible concentration (MPC) exceedance
for major elements (Figure 5) shows that copper and zinc make the greatest contribution to the
overall pollution level, exhibiting the highest MPC multiples.

Element Brazh 1 Brazh 2 Brazh 3 Scale
Cu
Zn
Al
Fe
As
Mo
Mn
Mg
P 1.13 1.08 1.21 13.00
Ni 11.00
B 9.00
Be 7.00
Co 5.00
Pb 3.00
Cd 2.00
Ca 1.00
Na
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Cr

Figure 5. Heat map of the spatial distribution of maximum permissible
concentration (MPC) exceedance factors for elements across the sampling sites of the
Brazhinsky Stream

The obtained results indicate that pollution in the Brazhinsky Stream is dominated by a
limited number of priority pollutants.

Elevated values are also observed for aluminum and iron, indicating their significant role
in forming the overall chemical composition of the stream waters.

The spatial distribution of the indicators demonstrates an increase in the degree of
pollution downstream of the stream, which is particularly pronounced for copper and zinc. A
number of elements (Be, Cr, Mn, Co, Ni, Cd, Pb) occur at concentrations significantly below the
maximum permissible levels. For example, beryllium concentrations range from 0.2 to 0.7 MPC,
chromium from 0.04 to 0.06 MPC, and nickel from 0.42 to 0.58 MPC. This indicates that these
elements do not have a substantial impact on the overall pollution level of the studied
watercourse and can be considered part of the background contamination.

The identified patterns are confirmed by the results of the water pollution index (WPI)
calculation, the values of which increase from 2.27 in the headwaters to 3.68 in the lower reach

of the stream (Figure 6).
4 A Brazh 1
2,27

2,75

Brazh 2 - Brazh 3

Figure 6. Spatial distribution of the water pollution index (WPI) across the
sampling sites of the Brazhinsky Stream

This indicates the cumulative nature of pollution within the urbanized area. Thus, the heat
map and WPI values consistently reflect the spatial differentiation of pollution, allowing the
identification of priority pollutants and confirming the intensification of anthropogenic impact
downstream of the Brazhinsky Stream.

According to the adopted water quality classification, WPI values in the range of 2.5...4
correspond to the “polluted water” category. The obtained index values demonstrate a clear
trend of increasing pollution downstream: Brazh 1 < Brazh 2 < Brazh 3 (Figure 7). This indicates
a gradual accumulation of pollutants within the stream channel and confirms the influence of
anthropogenic factors on the formation of the water chemical composition. The greatest contri-
bution to the integrated pollution index is made by the following elements: copper, zinc, alumi-
num, iron, and arsenic. These components determine the overall level of environmental pressure
on the aquatic system.

The consistency between the results obtained from the analysis of MPC exceedance ratios
and those derived from the calculation of the integrated Water Pollution Index (WPI) indicates
the high informative value of an integrated approach to water quality assessment. Such an
approach is widely used in contemporary surface water studies because it accounts for the
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combined effects of multiple pollutants and provides a more objective assessment of the
ecological status of a water body [38].

Despite its small size, the Brazhinsky Stream may serve as a significant local accumulator
and transporter of anthropogenic pollutants within the urban area. Given the detected
concentrations of copper and zinc exceeding regulatory limits by several tens of times, this
stream should be considered a potential pathway for the migration of heavy metals within both
surface and, likely, groundwater systems. According to cartographic data, the Brazhinsky
Stream does not directly discharge into the Irtysh River; instead, in its lower reach it likely loses
surface runoff and partially discharges into subsurface horizons. This suggests the possibility of
further pollutant transport not only via surface flow but also through subsurface pathways. The
obtained results confirm the need for regular monitoring of the chemical composition of small
streams in urbanized areas, as even in the absence of direct inflow into major rivers, they may
play a significant role in the redistribution of pollutants within a river basin.

45 1

Brazh 2;
contaminated

WPI
w

Brazh 1;
moderately
polluted

15 * ! ! ! t ! ! ! ! t ! : : : t
0 1 2 3 4

Sampling sites

Figure 7. Variation in the level of water pollution along the flow of the
Brazhinsky Stream

The obtained results emphasize that small watercourses, despite their relatively low
discharge and local scale, can play an important role in the accumulation and redistribution of
pollutants within urbanized areas. Such watercourses are often the most sensitive indicators of
local industrial impacts and make it possible to identify pollution sources much earlier than they
become evident in larger rivers. Therefore, monitoring of small watercourses should be
considered an important element of the environmental monitoring system in industrial regions.

4. CONCLUSION

The conducted study made it possible to perform a comprehensive assessment of the
ecological state of the waters of the Brazhinsky Stream located within the city of Ust-
Kamenogorsk. It was established that the formation of the stream’s chemical composition is
governed by both natural and anthropogenic factors, with a predominant role of anthropogenic
pressure. The spatial location of the stream within an area of intensive industrial development,
as well as its morphological and hydrological characteristics, creates favorable conditions for the
active input, transport, and accumulation of pollutants.

It should be noted that the identified spatial differences significantly exceed the possible
seasonal variations in the measured parameters during the study period, making it possible to use
the obtained data to assess the spatial distribution of pollution in the watercourse.

The turbidity analysis revealed a high content of suspended solids at all investigated
sampling sites (47.7...54.3 NTU), which facilitates the migration of heavy metals in the solid
phase and their accumulation in bottom sediments. Hydrochemical analysis identified persistent
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exceedances of maximum permissible concentrations (MPC) for a number of elements, among
which copper, zinc, aluminum, and iron make the greatest contribution to pollution. Copper
concentrations reach 24.2...44.2 MPC, while zinc levels range from 5.8 to 9.8 MPC, indicating
a pronounced anthropogenic origin of the contamination.

A specific feature of the Brazhinsky Stream is the absence of a direct surface inflow into
the Irtysh River, which determines its role as an element in the redistribution of pollutants
between surface and groundwater systems. Under these conditions, the stream may act as a local
accumulator and conduit of anthropogenic contaminants, including their potential further
migration into subsurface horizons.

Thus, the Brazhinsky Stream is a small urbanized watercourse subjected to significant
anthropogenic impact. Its ecological condition is characterized as polluted, while the transport
processes of contaminants are complex and spatially differentiated. The obtained results confirm
the necessity of regular hydrochemical monitoring of small watercourses in urbanized areas as
important components in the formation of the ecological state of aquatic systems.
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XKympicta BpaxkuHckuii OyJ1aFbIHBIH OETKI CYJIapbIHBIH JIACTaHYbl MEH DKOJIOTHSUIBIK
JKarJallblHa KOIIKOMITOHEHTTI 0ara Oepy YCBIHBUIFaH. 3epTTey CY JIAWIBUIBIFBI MCH
THIPOXMMHUSUIBIK ~ KYpaMBIH —Tanjay Heridigae okyprizinmi. Cy  JNaiIbUTBIFBI
47,7..54,3 ®E apanpifblHOa ©3TepeTiHi aHBIKTANABI, OYI KaJKbIMa 3aTTapIblH
JKOFapbl MOJILEPiH JKOHE OJNapAblH JiacTayllbl KOMIIOHSHTTEpAiH KeIlyiHIeri
MaHBI3BI POITiH KepceTeai. [ MapoXuMHSIIHIK Tanmay OipkaTap 3JeMeHTTep OoMbIHIIa
IIEKTI PYKCAT eTLreH KOHLCHTPAUUIapIbIH TYPAKThl apTybIH KOPCETTi, OJapIblH
ilIiH/e JlacTaHyFa €H YJKeH YJeC KOCAThIHAAP - MBIC, MBIPBILI, aJIOMUHHN JKOHE
Temip. MbIcThIH KoHIEeHTpauusicel 44,2 IIIPK-ra neiiin, mpipbimTiki - 9,8 HIPK-ra
Jeiiin okereni, Oyl alKbIH TeXHOTeHIIK ocepai Oummipeni. CynplH camachlH
MHTETpajpl Oarasnay yiuiH cy jacrany unaekci (WPI) konganbuiasl, OHBIH MoHIEP1
JKOFapbl, OpPTa KOHE TOMEHT'l yyackesiep YLIiH Tuicinure 2,27; 2,75 xoHe 3,68 6oabl.
XikTeme OoiiblHIIA OyJI «JIacTaHFaH Cy» CaHaThbIHA COMKEC KeJedi JKOHE arbIC
OolfbIMEH TOMEH Kapaii JacTaHy ACHTeHiHIH apTy YpAiCiH Kepcereni. bpaxuackuit
Oyarsl Eptic e3eHiHe Tikenel KyWbUTMaraHBIHA KapamacTaH, OCTKi )KOHE KepacThl
Cynapsl OKyHeciHAe JacTaylibl 3aTTapAblH Kaiita OelliHyiHZEe MaHBI3IbI POl
aTKapaThIHBl KOPCeTUIHI. AJIBIHFAH HOTIDKENEp CY arbiChlHA aHTPOIOreHMIK
JKYKTEMEHIH JKOFaphl eKeHIH JAJeNIeii/i )koHe ypOaHn3alusUIaHFaH ayMaKTapIaFbl
IIAFBIH CY aFbIHAAPBIH TYPAaKThl THIPOXUMHSIBIK MOHUTOPHHITEYIIH KAaKSTTUIIriH
pacraisl.
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bpaxxuHckuit pyuei, KauecTBO
MOBEPXHOCTHBIX BO/I, TSKEIBIC
METaJITBl, HHACKC 3arpsI3HEHUS
Boxbl (WPI), MyTHOCTE BOJIBI,
aHTPOITOTEHHOE BO3ICHCTBHE,
THIPOXUMHUIECKUI aHAITN3

B pabore mnpencraBieHa MHOTOKOMIIOHEHTHAss OLEHKAa 3arps3HEHHS U
JKOJIOTUYECKOTO  COCTOSIHAS ~ IOBEPXHOCTHBIX BOJX  bpakuHCKOro  pyuss,
PacIIoI0KEeHHOTO B Ipeaenax ropoja Ycrs-Kamenoropek (Boctounstit Kazaxcran).
HccrnenoBanue BBINOJIHEHO HAa OCHOBE aHAIM3a MYTHOCTH M THIPOXMMHUYECKOTO
cocTaBa BOJBL. YCTAaHOBJIEHO, YTO MYTHOCTH BOJABI BapbUpPYyeT B IIpeaenax
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47,7..54,3 ®E, 4TO CBUAETENBCTBYET O BBICOKOM COJCPIKAHUHM B3BCIICHHBIX
BEIIECTB M WX 3HAYMMON pOJIM B MHIPAlWU 3arpA3HSIOMNX KOMIIOHEHTOB.
I'mapoxumuydeckuil aHaiyu3 NoKa3an HAJIMIUE YCTOMUMBBIX IPEBBILIEHUN IPEJEIbHO
Io craTne:

IMonyueno: 17.04.2026
[epecmoTtpeno:11.08.2026
Ipunsro: 14.09.2026
Ony6nukosano: 30.09.2026

JOITyCTUMBIX KOHICHTPAIHU IO PSAAY SJIEMEHTOB, CPEOH KOTOPBIX HAMOOIBIIHUN
BKJIJ B 3arps3HCHHE BHOCAT Me/b, IWHK, aJIOMHHUN W jkene3o. KoHmeHTparmm
Memu nocturatot 44,2 TT1/IK, muaka - 1o 9,8 I1/IK, 4To yka3pIBaeT Ha BRIPaKCHHOE
TEXHOT€HHOE Bo3jaelcTBUe. JIyis MHTErpajibHOW OLEHKM KauecTBa  BOAbI
WCIONB30BaH MHAEKC 3arps3HeHus Boabl (WPI), 3HaYeHHs KOTOPOTO COCTAaBIIU
2,27; 2,75 u 3,68 a5 BepXHEro, CPeIHETO U HUIKHETO CTBOPOB COOTBETCTBEHHO.
CornacHo KiIacCU(HUKAIMH, 3TO COOTBETCTBYET KaTErOPUHU «3arps3HEHHAS BOJa» C
TEHIICHIMEH YBEIMYCHUS CTEIICHH 3arps3HCHUS BHU3 MO TeucHHI0. [lokazaHo, 4To
BpaxkuHckuit pydeii, HSCMOTPSL Ha OTCYTCTBHE MPSIMOTO BMAaJCHUA B peky WpThil,
WUTrpaeT BaXHYIO pOJIb B TepepacrnpeiefieHuu 3arps3HAIOIIUX BEIIECTB B CUCTEME
ITOBEPXHOCTHBIX M MOI3eMHBIX BOJ. IlodydeHHBIE pe3yabTaThl CBHACTEIBCTBYIOT O
3HAYUTEIFHOM aHTPOIIOTEHHOH HAarpy3keé Ha BOJOTOK W  MOJATBEPKIAIOT
HEOO0XOIUMOCTh PETYIIPHOTO THAPOXUMHUIECKOTO MOHUTOPHHTA MAaJIbIX BOJIOTOKOB
ypOaHU3UPOBAHHBIX TEPPUTOPHIA.
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