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Heavy Metals Contamination in Snow Cover of Pavlodar (Kazakhstan)

A study of the concentration of heavy metals in snow cover was carried out in Pavlodar in the area of influ-
ence of the Pavlodar Petrochemical Plant and other industrial facilities. Significant excesses of background
concentrations of manganese, chromium, vanadium and other metals were detected. The distribution of met-
als in the snow cover showed that the elements have high values near the oil refinery and decrease at a dis-
tance of 700 m. The possible influence of other industrial enterprises and the direction of winds from CHP-3
are also noted. Manganese and barium show more stable values, and chromium, zinc, lead and cadmium have
increased concentration near JSC “Kaustik”. The total concentration of manganese, strontium, cobalt and ar-
senic varies slightly across all sites, indicating uniform contamination by these substances. Lead is highest in
industrial areas and in populated areas with highways. Aluminum and iron are widespread, with the lowest
values in the Zhanaul village at a distance of 3 km from the Petrochemical Plant. The results of the study
highlight the importance of controlling and monitoring heavy metal pollution and the need to take measures
to reduce anthropogenic impacts on the natural environment.
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Introduction

Pavlodar city is one of the industrial centers of Kazakhstan. Almost all industries are represented in the
city. The main part of the industry is in metallurgy — 42.6 %, the second place is electric power — 17.8 %,
the share of petroleum products production is 13.3 %. The city also has a developed mechanical engineering
and chemical industry.

The high productive capacity of the factories in Pavlodar determines the successful economic develop-
ment of the region, but the downside of this development is the consequences of the impact of production on
the environment. Every year, tons of pollutants are released into the air, including heavy metals, which have
a negative impact on the health of city residents.

Industrial activities result in the release of a large number of elements into the atmosphere, including
metals of various hazard classes. These elements settle on the surface of the earth, polluting the soil, vegeta-
tion and water bodies. They can also enter the body of humans and animals, which poses a serious danger.
The most toxic are heavy metals of classes 1 and 2 (lead, cadmium, mercury, nickel, cobalt, chromium, va-
nadium, copper, zinc, arsenic, selenium and antimony) [1].

The most polluted areas are near metallurgical plants and roads, and wastewater, slag and exhaust gases
from smelting operations contain high levels of heavy metals. Various [1-4] studies provide evidence of ex-
tensive pollution in surrounding areas, reaching 40-70 % of the area. A study examining heavy metal pollu-
tion in agricultural land around a smelter in China found that smelting activities were the main source of
metal pollution in the surrounding area, accounting for 48.62 % of the total pollution [2].

Also, due to the large amount of industrial emissions and traffic in the city, industrial areas and areas
along city roads suffer the most [3]. In particular, metals are emitted from brake linings, tire rubber, exhaust
emissions, lubricants and oils, gasoline and diesel fuel, and asphalt pavements [4]. Cumulative heavy metal
pollution depends on factors such as climate, road design, traffic volume, distribution of vehicles into differ-
ent classes and road maintenance, which is especially important in cool temperate climates with seasonal
snow [5].

The environmental impact of heavy metals on the environment is determined by many factors, includ-
ing their behavior in the atmosphere. Chemical transformations in the atmosphere can lead to the formation
of more or less toxic forms of elements than those originally emitted, as well as affect the mechanism and
rate of their discharge from the atmosphere [3].

Atmospheric metals are absorbed by particulate matter, migrate as particulate matter moves, and then
settle in various ecosystems through wet (precipitation) and dry deposition [6-8].
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For example, during deposition with precipitation, metals are mainly in a soluble state, their percentage
being 30-100 %. Analysis of sediment samples in some studies showed that the average percentage of water-
soluble Cr, Cd and Pb reached 80 %, 87 % and 93 %, respectively [9, 10]. In addition, the bioavailable frac-
tion of trace metals from recent metal deposits was found to be higher than the fraction of metals previously
present in the soil, suggesting that recently deposited metals have a greater impact on terrestrial ecosystems.

Aerosol particles are an important factor influencing the behavior of heavy metals in the atmosphere.
Their chemical composition and size determine how long heavy metals remain in the atmosphere and how

far they can spread [3]. The transmission distance of atmospheric metals depends mainly on meteorological

conditions and particle size, as well as on the physicochemical properties of aerosols. The impact of air pol-
lution varies greatly between urban and rural areas [11]. Metals from precipitation have an impact on urban
neighborhoods or remote areas due to their widespread distribution. The main factor in air pollution is related
to distance, and the closer to the source, the higher the degree of pollution. The main effect of atmospheric
metals is their wide transport range and their ability to migrate [12].

Factors influencing long-range transport of metals are complex and depend on emission sources, parti-
cle size, meteorological conditions and terrain. Sources of emissions and their remoteness are the main fac-
tors determining the supply of microelements to remote areas.

Solid precipitation does not infiltrate into the soil or enter water bodies, but accumulates pollutants that
enter the atmosphere from precipitation, gases, aerosols, and particulate matter. The chemical composition of
melt water reflects the degree of air pollution in the most soluble forms of elements. This makes the eco-
geochemical assessment of snow cover pollution an important tool for environmental monitoring [1].

The chemical composition of atmospheric aerosols in snow can be used to track the paths of air masses,
as well as the sources and intensity of emissions of certain chemical components [13-18].

The safety of agricultural land is critical to human health, but metals have become an important source
of pollution in many agricultural areas [19, 20]. According to statistics, more than 50 % of the total load of
As, Cd, Cr, Hg and Pb in agricultural soils over the past decade was due to atmospheric deposition of metals.
Whether from natural or anthropogenic sources, elevated concentrations of heavy metals in the environment
worldwide pose a threat to human health [21-23].

Excess metals in soil can affect crop growth and soil ecology and can also lead to soil degradation.
Therefore, highly contaminated areas (near smelters, along roads) must be managed in a sensible and effec-
tive manner, such as waste disposal, fencing off the contaminated area, and identifying environmental risks
within the contaminated area [3]. In other areas, mainly agricultural land, the soil needs to be monitored to
ensure that metal concentrations are below the risk value, preventing them from entering the human body
through the food chain and thus affecting human health.

This study will analyze heavy metal pollution in the northern industrial zone of the city of Pavlodar.
Snow cover was chosen as an object of research as one of the depositing medium, capable of accumulating
pollutants and being very informative about real pollution in a certain period of time (snow accumulation).

Experimental

The snow cover study was carried out on the territory of the city of Pavlodar. The entire city was divid-
ed into squares, taking into account industrial and residential areas [3]. Further, sampling points were identi-
fied (Fig. 1). The choice of sites was determined by the presence of industrial facilities, their type, and dis-
tance from the source of pollution. Thus, the northern industrial area with the metallurgical industry was al-
located in the city; energy industry; chemical industry; mechanical engineering and other industries.

Samples were taken at various distances from industrial facilities, in the eastern, southern and north-
eastern and southeastern directions of the wind, based on the wind rose to determine the boundary of the ob-
ject’s zone of influence on the atmosphere. The wind rose was constructed based on Kazhydromet data for
2022 (Fig. 2). The main wind direction for the entire 2022, according to the plotted schedule, is south. West-
ern and southeastern also predominate. Thus, sampling points were selected according to the direction of the
prevailing winds. In addition, the direction of the wind in winter was taken into account, that is, during the
accumulation of snow cover (Fig. 3).

Cepus “bBuonorus. MeanumHa. Meorpadus». 2024, 29, 2(114) 165



A.A. Faurat, G.S. Azhaev et al.

| Moyyidy Lake /\
L g |

Legend
E  sampling sites

52°25'N
52°25'N

21  industry

E§ background sampling sites (Bg)
——— Omsk Highway
main road
auxiliary road
railways

52°20'N
T
52°20'N

SV N LT TR A
3 — Pavlodar branch of “KSP Steel” LLP; 4 — Pavlodar branch of “Casting” LLP;
6 — CHPP-2 of “Pavlodarenergo” JSC; 7 — CHP-3 of “Pavlodarenergo” JSC; 8 — Pavlodar Petrochemical Plant JSC;
9 — “Neftekhim Company LTD” LLP; 10 — “Kaustik” JSC; 11 — UPNK-PV LLP; 12 — Kazenergokabel JSC;

14 — “Pavlodar Pipe Rolling Plant” LLP; 15 — “PMZ DAMAK?” LLP; 16 — Cardboard and Ruberoid Plant;
17 — Pavlodar TcGOS;18 — JSC “Pavlodar River Port”; 19 — “Company of Industrial Materials (KPM)” LLP

Figure 1. Map of the city of Pavlodar indicating the study area
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Figure 2. Wind rose for the city of Pavlodar (2022), constructed by the authors
based on data from the Meteorological database of the RSE “Kazhydromet” [24]
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Figure 3. Wind rose for the city of Pavlodar (October, November, December 2022),
constructed by the authors based on Kazhydromet data

The beginning of the accumulation of snow cover usually occurs in October, when the southern and
western directions predominated; in November and December — the southern, southwestern, and southeast-
ern directions. Thus, the main air masses and, accordingly, pollutants were directed away from the city, but
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reached the northwestern direction of the Pavlodar region (the village of Pavlodarskoye — 3-5 km from the
industrial plant), where samples were taken for analysis. To the east of the city, at a distant distance (13 km)
in the village of Zhetekshi, sampling was also carried out.

The distance between samples varied from 100 m, the further sampling point was 13 km from industrial
facilities, the background (lowest impact) points were located at a distance of 56 km. Due to the fact that the
background indicators of our study had high indicators due to the proximity of the settlement, in this study
we also used the background values obtained in previous studies [3] conducted in the city of Pavlodar, for
those values that were not presented in these sources, our background values were used.

The environmental gradient was taken into account, i.e. gradual reduction in the influence of factories,
thermal power plants and other objects. Sampling points were located at a distance of 100 m, 500 m, 1000 m,
2000 m, 3000 m, 4000 m and 5000 m from Pavlodar Petrochemical Plant JSC, “KSP Steel” LLP, CHP-2,
CHP-3, since these objects are leading environmental factors. Sampling locations also included the vicinity
of ash dumps of thermal power plants, residential areas of the city (Lesozavod district), the villages of
Zhanaul and Pavlodarskoye, suburban area with cultivation vegetables and fruits for own use (dacha), and
vegetable gardens of residential areas. Dacha plots were allocated because the main goal of the study is to
determine the impact of pollutants on the quality of plant products grown in the immediate vicinity of the
industrial zone. In order to reduce the impact of automobile exhaust on the samples, samples were taken at
least 25 m from the road route, according to literature sources [25-27].

Sampling was carried out in January, with an average snow cover height of 60 cm. The methods used
for sampling were the pit method: the pit (depth, width, height) in the snow cover was measured. Snow was
collected in plastic bags; the average sample weight was 6 kg.

Next, the snow was processed under laboratory conditions, and the snow melted under natural condi-
tions within 8-12 hours.

Melt water was filtered through ash-free “Blue Ribbon” filters, specialized filters for separating fine-
crystalline sediments such as cold-precipitated barium sulfate, copper oxide, etc. from the solution. The re-
sulting sediment, after filtering the melt water, was dried, weighed and packaged for further work on deter-
mining the concentration of heavy metals. Laboratory tests were carried out in the laboratory of the branch
“Institute of Radiation Safety and Ecology” of the RSE on PVC “National Nuclear Center of the Republic of
Kazakhstan” of the Ministry of Energy of the Republic of Kazakhstan.

The analysis of the concentration of chemical elements in the solid phase of snow was carried out by
mass spectrometry with inductively coupled plasma using an Agilent 7700 X ICP-MS according to: Meas-
urement procedure No. 499-AES/MS MKHA “Methods of quantitative chemical analysis. Determination of
the elemental composition of rocks, soils, soils and bottom sediments by atomic emission with inductively
coupled plasma and mass spectral with inductively coupled plasma methods” KZ.07.00.03351-2016.

The concentration coefficient of a chemical element, K., is calculated based on the ratio of the real
(anomalous) concentration of the pollutant in a natural object (C) to its background level (Cyg) in a similar
object:

K,=—. 1
‘¢ 1)

The total pollution indicator Z, is equal to the sum of the concentration coefficients K. of chemical ele-

ments concentration of which exceeds background values, and is expressed by the following formula:

Z,=> K,—(n-1), ()

where: n is the number of anomalous elements taken into account.
Results and Discussion

As a result of the analysis of environmental reports of Pavlodar enterprises, the main pollutants emitted
by industrial enterprises in Pavlodar were identified. The volume of actual emissions of pollutants into the
atmospheric air of Pavlodar Petrochemical Plant JSC — 22275.1 tons, “Pavlodarenergo JSC —
35096.8 tons, CHP-2 of “Pavlodarenergo” JSC — 6795.5 tons, CHP-3 of “Pavlodarenergo” JSC —
28 301,2 tons, “KSP Steel” — 2837 tons (Table 1).
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Table 1

Emissions of pollutants from industrial enterprises Northern industrial zone of Pavlodar (kg/year)

Petrochemi “KSP “Casting” | “Neftekhim w -
Name of pollutant| "~ T | CHP-2 | CHP-3 Stool” P g T JSC “Caustic
Iron 1.1 5.2 2176.3 16915.4 1450.8 6.0 265.01
Manganese and 0.1 11,5 50,6 18000.84 5.29 1.0 5.56
its compounds
Aluminum 78877.7 1322.7 0.0037
Chromium 0.1 0.3 1.46 6.0 0.04 0.03
Chlorine 175.2
Nickel oxide 0.005 0.2 0.01 0.0003 0.0039 0.0029
Lead 0.02 0.002 0.0004
Copper 1.7 20.92 0.05 0
Zinc 0.03 3135 0
Petrol 48740.9 50.77 35.2 675.9
Kerosene 5.6 14.2 81.5 0
Inorganic dust | 188492 | 1177692 | 4885213 | 304247.2 | 220000 790 1436.55

(+ suspended solids)

Abrasive dust 1,1 65.42 150.66 3080.8 33.36 1 209.72
Wood dust 76.71 563.8 6741.1 191.46
Rubber dust 10.3
Metal dust 165.68 456.1

Information on the volume of actual emissions of pollutants into the atmospheric air of industrial enter-
prises from January 1 to December 31, 2020 is presented in the table. For research purposes, only emissions
of heavy metals were isolated, because of interest is their accumulation in the snow cover.

As a result of the analysis, it was revealed that the maximum emissions of interest in this study occur at
CHP-3 4888.68 t/year, “KSP Steel” — 350.7 t/year and Pavlodar Petrochemical Plant — 316.1 ton/year. The
main volume of emissions comes from inorganic dust with varying silicon concentration, abrasive, wood and
metal dust. The leaders in dust emissions are CHP-2, CHP-3, followed by “KSP Steel”. Next, in terms of
emissions, follows aluminum — 78.877 t/year, petrol — 48.74 t/year, emitted by Pavlodar Petrochemical
Plant, manganese — 18 t/year, iron — 16.915 t/year, emitted by “KSP Steel”, as well as 1.45 t/year of iron
emitted by “Casting” LLP. The largest volumes of chromium (6 t/year), zinc (0.3135 t/year), and wood dust
(6.741 t/year) come from the pipe rolling plant. JSC “Kaustik” (chemical plant) emits 0.175 t/year of chlo-
rine. It should be noted that according to the results of industrial environmental monitoring, none of the in-
dustrial facilities exceeds the standard indicator for emissions of pollutants.

As can be seen from the table, the amount of heavy metals emitted in pure form is small, but the con-
centration of various elements in dust and ash far exceeds these values. According to research [3], the chemi-
cal composition of ash and dust from Pavlodar CHP is: lead — 2.86 mg/kg; cadmium — 0.23 mg/kg; mercu-
ry — 6.59 mg/kg; arsenic — 0.28 mg/kg; fluorine — 10.0 mg/kg; antimony — 0.37 mg/kg; beryllium —
0.017 mg/kg; selenium — 0.53 mg/kg; tellurium — 0.1 mg/kg.

As a result of the laboratory analysis for the concentration of heavy metals in snow sediment in Pavlo-
dar, the results presented in Table 2 were obtained.

Among the concentration of elements of hazard class 1, there is quite a wide variability; the coefficient
of variation in all cases exceeds 50 %, in all classes exceeds 30 %. Thus, it can be assumed that contamina-
tion with these substances is confined to specific objects. V, Cr, Cu have the greatest variability. The varia-
tion series is represented by the following order:

V116>Cry05 13> CUgr>Cdgy>ZN75>Phgs>Mns,>ASs35>Bas> >M040>C037>Sr3:>Nis.
The highest concentration of elements in the samples is presented in the following row
Ba1076.4>Mne3g 1>Cr316 6>ZN286.2> Sl 267.1>PD15g 5> V141, 7>ClU127 > Nizp 6>AS14>C011 §>M0, 5>Cdy 67

However, other trends prevail among the classes, for example, among the elements of the first hazard
class, zinc (286.2 mg/kg) and lead (158.5 mg/kg) are of greatest importance, which apparently is associated
with vehicle emissions. In the second class, chromium (316.6 mg/kg) and copper (127.3 mg/kg) predomi-
nate, in the third class the leaders are barium (1056.4 mg/kg) and manganese (638.6 mg/kg).
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Table 2

Statistical indicators of the concentration of chemical elements in solid snow filtrate (SSF)
Pavlodar-Northern industrial zone, mg/kg

The coeffi- Bgckground concentra- Cochntration_
Concentra- . tion of metal. Data of coefficient of this
Element . Mean STD cient . . i
tion range L this study/literature study/literature
of variation
sources [3] sources [3]

Toxicity class 1

Zn 63-800 286.2+55.3 206.8 72.2 175/48.3 1.6/5.9

As 7-37 14+1.99 7.5 53.4 7/ 2/

Cd 0.3-6.1 1.7+0.36 1.37 81.89 0.8/0.16 2/10.49

Pb 26-430 158.5+2702 101.9 64.3 42.5/23.2 3.7/6.8
Toxicity class 2

Cr 59-1200 316.6+88.9 332.8 105.13 755/18.4 0.4/17.2

Co 7-22 11.8+1.18 4.42 37.45 7.5/7.9 1.6/1.49

Ni 15-49 32.9+£2.71 10.1 30.8 20.5/21.1 1.6/1.56

Cu 35-430 127.3£29.7 1114 87.5 70/20.5 1.8/6.2

Mo 1-4.2 2.5+0.26 0.9 39.5 1.1/0.29 2.3/18.7
Toxicity class 3

\Y 70-720 141.7+45 168.6 119 64/9.8 2.2/14.5

Mn 400-1800 638.6+92.7 347.1 54.4 560/24.3 1.1/26.3

Sr 200-490 267.1422.2 82.9 31 205/29.8 1.3/8.9

Ba 570-2200 | 1076.4+£120.4 450.7 41.8 990/ 1.08/

Note — The sample size is 15 sampling sites. Mean is the arithmetic mean of the content of heavy metals at 15 sampling sites and
error

Next, the concentration coefficient was calculated relative to the background concentration of the sub-
stance. Snow samples for background indicators were collected at a distance of 40 km from the city border.
Thus, the background indicators had an anthropogenic impact, but without the direct influence of urban in-
dustry. As a result, concentration coefficients are low and range from 0.4 to 3.7. The concentration coeffi-
cient series represents:

Pb3 7>M0, 5>V ,>Cd; 09>AS,>Cu; 21 6>Niy 6>C0;1 57>Sr1 3>Mny 14>Bay 05>Cro 4.

Lead, molybdenum and vanadium have the greatest difference in metal concentration in the city and in
the background area; other elements gradually reduce the difference. According to these results, we can as-
sume 2 options: first — pollution of snow cover in the city and in the northern industrial zone depends on the
location of industrial enterprises, and pollutants are carried away and dispersed by the wind according to the
wind rose; second — the main pollution in winter is emissions from coal combustion during heating of pri-
vate houses, as well as vehicles.

To compare the data obtained in the study, data on the background concentration of heavy metals from
literary sources were used [3]. Thus, in 2002-2003, similar studies were carried out in the city of Pavlodar;
the background sites were located 80 km from the city in the opposite direction from the wind rose, where
there were no anthropogenic sources of pollution. Comparing our concentrations with background data, the
following results were obtained.

The series by concentration coefficient, constructed on the basis of literary sources of background con-
centrations, has the following form:

Mn>Cr17.,>V146>Cd10.5>Srg > MO0g 71>Pbg 53>CUg >ZN5 6> AS;>Niy 56>C01 49>Bay gs.

Thus, the magnesium concentration in the city’s snow is 26 times higher than the background value.
This is followed by chromium, vanadium, cadmium with indicators of more than 10 times, the lowest value
is barium, the urban concentration of which exceeds the background level by only 4.9 times. Analyzing the
hazard classes, it is clear that in the first class cadmium (10.49) in the urban environment is many times
higher than the background one, in the second class — chromium (17.2), and in the third — manga-
nese (26.3) and vanadium (14.5) have high concentration coefficients.

Thus, a completely different picture emerges. Manganese, chromium, vanadium, etc. have significant
excesses of background concentrations. Comparing how many times the concentration in the background
area with the anthropogenic impact (40 km) differs from the concentration in the background area without

Cepus “bBuonorus. MeanumHa. Meorpadus». 2024, 29, 2(114) 169



A.A. Faurat, G.S. Azhaev et al.

anthropogenic intervention (80 km), the following data were obtained. The difference in the concentration
coefficient of chromium is 40 times, manganese is 23 times, i.e. these metals are a direct indicator of pollu-
tion from anthropogenic sources, industry, and vehicles. Next, in descending order, are vanadium (7 times),
strontium (6.6 times), cadmium (5 times). The concentration coefficients for nickel and cobalt are practically
the same in both studies, which indicates background contamination with these metals.

To determine the impact of industrial facilities on the spread of pollutants, the concentration of heavy
metals in snow depending on the distance from the source of pollution (Pavlodar Petrochemical Plant). A
total of 5 sites are presented, located at different distances from the Pavlodar Petrochemical Plant (Table 3).

Table 3
Characteristics of snow sampling sites
Site number Site name ' Coordinates . Altitude
Latitude Longitude above sea level, m
1 North of Pavlodar Petrochemical Plant 52.3828782 76.9209185 166
2 JSC “Caustic” 52.3832968 76.9319969 122
3 “PMZ DAMAK” LLP 52.3833187 76.9534616 124
4 North of the ash dump 52.3819332 76.9806923 127
5 Northeast of the ash dump 52.3818403 76.9898166 128

Thus, a correlation analysis was carried out for all elements; the most correlated elements were selected
and placed together for ease of analysis (Fig. 4).
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Figure 4. Concentration of heavy metals in solid snow sediment at different distances
from the Pavlodar Petrochemical Plant

Substances V, Ni, Mo, Cd, Cu, Mo, Fe and Al have a similar distribution trend. All elements in the im-
mediate vicinity of the Pavlodar oil refinery have high indicators, further, a decrease is at a distance of
700 m. Emissions of aluminum and iron, and, accordingly, their presence in solid snow sediment indicates
general contamination of the northern industrial zone with these elements, i.e. the values are always at a high
level. All substances have a sharp rise at a distance of 2000 m from the plant (Fig. 5). This may be due to the
natural transfer and sedimentation of pollutants, but it can be assumed that this is also influenced by the over-
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lap of the zone of influence by other industrial enterprises — JSC “Kaustik” — chemical production, LLP
“Pavlodar Mechanical Plant “DAMAK?”, and also this area lies in the direction of the prevailing winds from
CHPP-3. With distance from sources of pollution, the concentration of elements in the snow cover also de-
creases. At a distance of 4500 m from the Pavlodar Petrochemical Plant, a slight increase in indicators is ob-
served, which may also be due to the transfer and sedimentation of particles, as well as the location of the
thermal power plant ash dumps to the south.
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Figure 5. Concentration of heavy metals in solid snow sediment
at different distances from the Pavlodar Petrochemical Plant

The heavy metals Mn and Ba behave differently; at all sample collection points they show more or less
the same value, except for the point at a distance of 2000 m, where all elements have extremely high values.
The elements Cr, Zn, Pb, Cd have an increased concentration 700 m from the Pavlodar Petrochemical Plant,
but in close proximity to JSC Kaustik.

Of interest is the distribution of elements in general across the sampling points presented in Fig-
ures 6, 7.
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Figure 6. Concentration of heavy metals in solid snow sediment
at different distances from the Pavlodar Petrochemical Plant
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Figure 7. Concentration of heavy metals in the solid phase of snow at sampling sites
in the northern industrial zone of Pavlodar

The concentration of manganese (except for point 3), strontium, cobalt and arsenic in all areas does not
differ very much. It follows from this that contamination by these substances is uniform.

The concentration of other heavy metals varies from site to site.

The highest concentration of vanadium is observed in site 6 and amounts to 720 mg/kg; in other sites
the concentration varies about 100 mg/kg. An increased concentration of chromium Cr is observed in sites
adjacent to the Pavlodar Petrochemical Plant, as well as JSC “Kaustik”, in other sites it varies, reaching the
lowest values at sites 4 and 5, near the ash dumps at a distance of about 5 km from the sources, as well as in
the northern direction from the Petrochemical Plant — in the village Pavlodarskoye (5 km).

The value of nickel is approximately uniform at all sampling sites; the lowest values are observed in the
dacha sites south of the oil refinery. The maximum value of magnesium Mn concentration was found at the
5th site, the ash dump, which is anomalous and amounts to 1800 mg/kg, with average values of 400—
600 mg/kg for uniformly contaminated remaining areas. Cobalt shows values from 7 to 22 mg/kg, the lowest
values in industrial areas (1, 2, 6, 7, 3, 4 sites), while in sites of populated areas the cobalt concentration has
the highest values. The concentration of copper also does not depend on the location of industrial facilities;
dacha sites and vegetable gardens of populated areas have high values of this metal, which may be associated
with pollution from vehicles. The presence of zinc in the snow cover is ubiquitous, the highest value is in
remote eastern areas, while the highest value is noted in the northeast direction (the village of
Pavlodarskoye), which may be due to the prevailing southern winds. Arsenic has values in the solid fraction
of snow on average from 8-14 mg/kg, the highest value is 37 mg/kg in the urban area of the Lesozavod
(large amount of transport, stove heating), also, in this area there is a large amount of strontium 490 mg/kg,
with an average concentration of 200-250 mg/kg. Molybdenum concentration in snow cover varies signifi-
cantly at each site (from 1.1 to 4.2 mg/kg), which makes it difficult to identify patterns in the distribution of
this heavy metal. The highest lead concentration is confined to the industrial areas of the territory of Pavlo-
dar Petrochemical Plant, JSC “Caustic” — 430 mg/kg, as well as settlements with large highways, on aver-
age 180-200 mg/kg, with minimum values — 26 mg/kg. Aluminum and iron are ubiquitous and have high
values; the village of Zhanaul, located in the south-west direction, at a distance of 3000 m from the Pavlodar
Petrochemical Plant, has the lowest values of these metals.

Figure 8 presents the results of a study of the concentration of heavy metals in the snow cover of the
city of Pavlodar in a cartographic representation. Here are the elements that have the most pronounced asso-
ciation with industrial facilities.
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Figure 8. Map of the concentration of heavy metals in the solid phase of snow in Pavlodar

The increased chromium concentration is clearly visible in the southern direction from the factories,
along the transport road. Chromium contamination is observed everywhere despite the location of dacha
sites, in contrast to lead and zinc, the contamination of which is also linear in nature, but with low concentra-
tions in dachas. Manganese pollution is confined to the city center and the concentration of harmful sub-
stances decreases towards the north.
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There are no separate maximum permissible concentrations for snow cover. However, its contamination
needs to be analyzed according to contamination standards. Since this study studied solid snow sediment af-
ter filtration of melt water, it is possible to use and compare the obtained values with the maximum permissi-
ble concentration (MPC) of heavy metals in the soil. For lead and arsenic, MPCs were used in accordance
with the Kazakhstan standard; for other metals, data from literary sources or Russian State Standard were
used [28] (Table 4).

Table 4

Exceeding the maximum permissible concentration (MPC) values of soils by the average values
of the concentration of heavy metals in solid snow sediment in the Northern industrial zone

Metal _ Met_al concentra_tion The maximum permissiblg cor!centration Exceeding the MPC value
in solid snow sediment of heavy metals in soil

Pb 6.83 32 4,95
As 14 2.0 7
V 141.7 150 [28] 0.94
Cr 316.57 100 [3] 3.16
Mn 638.57 700 [28] 0.91
Co 11.82 5 [28] 2.36
Ni 32.92 20 [28] 1.64
Cu 127.28 33 [28] 3.85
Zn 286.21 55 [28] 5.20
Sr 267.14 10 [3] 26.71
Mo 2.52 53] 0.5
Cd 1.67 0.5 [28] 3.35

According to the Table 4, the greatest excess of MPC relates to strontium — 26 times, arsenic —
7 times, zinc — 5 times, lead — 5 times. The concentration of other metals also exceeds the soil MPC value,
except for molybdenum, vanadium and manganese, which do not exceed the maximum permissible soil con-
centration. Thus, we can conclude that the concentrations of heavy metals in the soil are high and their levels
are many times higher, because the depositing medium retains solid sediment every year. Some of the heavy
metals are washed out with precipitation during melting and rain, some are absorbed by the soil and pene-
trate into deeper layers, and some of the metals are concentrated in plants, which poses a threat especially in
summer cottages where the population grows plant products. The study of the migration of heavy metals in
these environments is the subject of further study within the framework of this study.

To determine the total pollution of the Northern industrial zone of Pavlodar, pollution coefficients for
each element were calculated in accordance with the background data of this study and literature sources [3].
As a result, the total pollution of this study was 10.9, which corresponds to a low level of pollution, but some
authors attribute values from 16-24 to the general urban pollution level. However, such a low index of the
total industrial area may indicate high values of the background concentration of heavy metals, i.e. the area
for collecting background samples was influenced by anthropogenic factors. In calculations used in literature
sources (without anthropogenic intervention), the coefficient of total snow cover pollution was101.28, which
corresponds to an average moderately hazardous level of pollution (Zc 64-128). Also in published stud-
ies [29] there is data on the total pollution of the eastern industrial zone of Pavlodar. The eastern industrial
region is characterized by the metallurgical industry: Aluminum of Kazakhstan JSC, Kazakhstan Electrolysis
Plant JSC. Zc is 18.2, which is higher than the value of the northern industrial zone, but also relates to the
general urban pollution level. Also, Zc calculated from literature studies exceeds that of the northern indus-
trial zone and is 127.7.

Conclusion

Thus, we can conclude that the pollution of the snow cover of the northern industrial zone occurs due to
emissions into the atmospheric air from industrial enterprises, as well as widespread pollution from motor
vehicles. There is an excess of the maximum permissible concentration in the soil of the snow filtrate, be-
cause when the snow melts, all the sediment will end up in the soil; accordingly, it will deposit heavy metals
and large concentrations in the soil are predicted.
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The concentration of chromium and lead, according to interpolation from data from research points,
corresponds to the location of petrochemical production plants at a distance of dispersion and sedimentation.
Large concentrations of manganese are confined to ferrous and non-ferrous metallurgy; steelmaking and fer-
roalloy production make a special contribution.

The magnesium concentration in the city’s snow is 26 times higher than the background (natural) indi-
cator. This is followed by chromium, vanadium, cadmium with indicators of more than 10 times, the lowest
value is barium, the urban concentration of which exceeds the background level by only 4.9 times.

All heavy metals show a tendency to decrease their concentration in snow at a distance of up to 2000 m,
then an increase in concentration is observed, which may be due to the deposition of polluting particles, or
cross-contamination with other industrial enterprises.

From the presented data the following conclusions can be drawn:

Manganese, chromium, vanadium, strontium, cadmium and arsenic are direct indicators of anthropo-
genic impacts associated with industry and motor vehicles.

Distance from the source of pollution affects the concentration of heavy metals in snow. Proximity to
industrial facilities leads to increased concentration of many metals and a further decrease in concentration at
a distance of 2 km.

Some metals, such as nickel, cobalt, copper, aluminum and iron, have a uniform distribution and are not
dependent on a specific source of contamination.

Significant variations in metal concentration at different sites indicate the influence of various factors
such as wind directions, precipitation and the presence of other industrial plants.

These results highlight the importance of controlling and monitoring heavy metal pollution and the need
to take measures to reduce anthropogenic impacts on the natural environment.
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A.A. @aypar, I'.C. Axaes, III.K. Kakexxanosa, M.T. JlocoBa

IaBaoxap KajacbIHAAa KAp *KaMbLIFBICBIHBIH aybIP MeTalapMeH JIACTaHYbI

Kap »aMBUIFBICBIHIAFB! aybIp MeTaliap/AblH KypaMblH 3eprrey [laBnomap xamaceianars! IlaBnomap myHaii-
xumus 3aybITHIHBIH (IIMX3) xoHe O6acka ga @HEpPKACINTIK 0OBEKTIIEPIIH acep €Ty ayMarbIHAA JKYPTi3iimi.
Mapraren, XpoM, BaHaJHi JxoHe 0acka MeTaqmapAblH (OHIBIK KOHIEHTPAIMSCHIHBIH afTapibIKTai achln
KeTyi aHbIKTanabl. Kap skaMBITFBICEIHAAFEI METANIApABIH Taparybl SJIeMEHTTepIiH MyHall OHIeY 3ayBITHIHBIH
JKaHBIHIA JKOFapbl MoHAepre ue ekeHmirin »xoHe 700 M KalIbIKTBIKTa TOMEHACHTIHIIriH kepcerTi. backa
OHEPKACINTIK KACIMOPBHIHAAPABIH BIKTUMaN ocepi xoHe XKDO-3-TeH xesigiH OarbIThl 1a aHBIKTAJIBI.
«Kayctuk» AK MaHpIHZa Maprasen neH Oapuil TypaKThl MeIIEPAi KOPCETTi, al XpOM, MBIPHIII, KOPFACHIH
JKOHE KaJMHUH JKOFapbl Meuiuepre ue 0oiipl. MapraHel, CTpOHIMiL, KOOAIbT KOHE MBIIIBIKTHIH KaJIlbl
Meiepi OapIbIK xKepiaepae OipKelKi JacTaHybH KepceTei. KopFachkIHHBIH eH YJIKEeH MeJIepi OHepKacCiNTiK
aymaHIap/a jkoHe aBTOMOOWIIb >KOJaphl 0ap eniMeKeHaepie Keszmecedi. AOMUHHN MEH TeMip KeHiHeH
TapajfaH, €H TOMeHri Meimepi MyHal-XxuMus 3aybITBIHAaH 3 KM KaIIBIKTBIKTa OpHanackaH JKaHaaybur
ayBUTBIHZA Ke3/1eCTi. 3epTTey HOTIDKeIepi KopIlaraH OpTaHBIH ayblp MeTajlapMeH JIaCTaHybIH OaKblIay MeH
OakpUTayIBIH MAaHBI3IBUIBIFBIH JKOHE KOpILIaFaH OpTara aHTPOIOTEHMIIK ocepii a3alTy YIIiH MIapaiap
KaObUIay KaXETTUIITiH KopceTei.

Kinm ce30ep: ayblp MeTanaap, eHIIpiCTiK aiiMaK, Kap >KaMbIIFBICHL, SKaJIbl JJACTaHy, IIAIbIPaY, TYHIBIPY.

A.A. @aypar, I'.C. Axaes, II1.K. Kakexxanosa, M.T. [locoBa

3arpsizHeHHe CHEKHOTO MOKPOBA TsxKeJbIMHU MeTaiamu B . [laBnogape

HccenenoBanue colepixaHus TSKENIBIX METAIOB B CHEXHOM IOKpPOBE MPOBOAMIOCE B I. [TaBnogape Ha Tep-
putopuu BiusiHuA [laBiomapckoro Hedrexummueckoro 3aBoga (ITHX3) m mpyrux mpoOMBIIIIEHHEIX 00BEK-
TOB. BBUTH BBISABICHBI 3HAYHUTEIbHBIC TIPEBBIICHNS ()OHOBBIX KOHIIEHTPAIMH MapraHIia, XpoMma, BaHaJIus U
JPYTHX METauioB. PacrpezieneHre MeTauioB B CHEKHOM TTOKPOBE TI0KA3aJI0, YTO 3I€MEHTHI HMEIOT BBICOKHE
3Ha4YeHUs BOIM3M HedrenepepabaThIBAIONIETO 3aBOJA M CHIDKAIOTCA Ha paccrosHuu oT 700 M. Bo3moskHoe
BIIMSIHUE APYTUX MPOMBIIUICHHBIX NPEATIPUSATHI 1 HanpasieHue BeTpos oT TOLI-3 Takke oTmedeHsl. Map-
raHen u Oapuii ZEMOHCTPHUPYIOT Oojiee CTaOMIbHBIC 3HAYEHMS, @ XPOM, I[HHK, CBUHEI U KaAMHH HMEIOT M0-
BHIIICHHOE cojepkanne BOmm3n AO «Kayctuk». OOmiee conmepkaHne MapraHia, CTPOHIHS, KoOanbTa U
MBIIIbsIKAa BapbUPYET HE3HAYUTEIBHO HA BCEX YJacTKaX, yKa3blBas Ha PaBHOMEPHOE 3arpsi3HEHHE STHMH Be-
mectBaMu. CBUHEIl UMeeT HauOoJIblIee CoAepKaHue Ha MTPOMBIIIIEHHBIX y4acTKaxX ¥ B HACEJICHHBIX ITyHKTaX
C aBTOCTpagaMu. AIOMHHHH U XKeJIe30 pacHpOCTPaHEeHbI MOBCEMECTHO, C HAMMEHBIIUMHU 3HAYSHUSIMU B T10-
cenke XKanayn Ha paccrosHuu 3 kM oT IIHX3. PesysnbraTsl HccnenoBaHus MOJUYEPKUBAIOT BaKHOCTh KOH-
TPOJISL U MOHUTOPHHTA 3aTPSI3HEHHUS] OKPYKaromel Cpeabl THKEIBIMI MeTaulaMHi M He0OXOANMOCTh MPUHS-
THSI Mep 0 COKPAIIEHHIO aHTPOIIOT€HHOTO BO3/ICHCTBHS HA OKPYKAIOIIYIO IPUPOJHYIO CPETY.

Kniouesvie cnosa: TsKeIble METAJUIBI, TIPOMBIIIIICHHAsA 30HA, CHEKHBIN IMOKPOB, CYMMapHO€ 3arps3HCHUC,
paccenBaHnUE, OCAXKICHHUE.
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