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Abstract. The purpose of the conducted study was to identify the spatial and temporal distribution of heavy metals 
and arsenic in a gas condensate field for the period from 2019 to 2025. The annual increase in manganese, arsenic, 
and nickel concentrations exceeding the estimated permissible concentrations allowed for a clear assessment of the 
relationship between the intensity of development in the gas production zone and the level of negative impacts from 
the release of these elements into the soil. In accordance with the objectives, a critical analysis of all production units 
on the industrial site was conducted to assess the potential for pollutants to enter the soil. The coefficients of element 
accumulation were obtained relative to the global clarks according to Vinogradov. Thus, arsenic, manganese, and nickel 
showed an increased accumulation coefficient of Kk ≥ 1.5. Geoecological processes associated with technogenesis in 
the area of the gas condensate field are accompanied by the formation of soil contamination halos, which was deter-
mined using geoinformation system technologies. Geochemical parameters of soils, as indicators of their conditions, 
reflect high functionality under the adverse impacts of gas production and provide a realistic assessment of the geoeco-
logical situation at the field. It is shown that the spatial distribution of manganese and nickel elements is primarily related 
to technological processes, regular production works and welding. The excessed contents of arsenic may be due to the 
inherited geological and geochemical features of the Baikal natural territory with the elevated content of this metalloid 
in the soil imported for the Kovykta gas condensate field development. Thus, the integration of geoinformation system 
technologies and geochemical survey results is an effective tool for the comprehensive geoecological assessment of 
the territory in the technogenic zone and serves as a basis for the development of effective, modern, object-oriented 
monitoring in the gas condensate field zone.
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Пространственно-временное распределение  
элементов в техногенных почвах Ковыктинского 

газоконденсатного месторождения
Д.И. Пыжьяновa, Г.И. Сарапуловаb

a,bИркутский национальный исследовательский технический университет, Иркутск, Российская Федерация

Резюме. Цель проведенного исследования заключалась в выявлении характера пространственно-временного рас-
пределения тяжелых металлов и мышьяка на территории газоконденсатного месторождения за период 2019–2025 гг.  
Динамика повышения содержаний по годам для марганца, мышьяка, никеля с превышением ориентировочно до-
пустимых концентраций позволила наглядно оценить зависимость между интенсивностью освоения территории в 
зоне добычи газа и уровнем негативного воздействия в виде поступления этих элементов в почву. В соответствии 
с задачами проведен критический анализ всех промузлов на площадке с позиции потенциального поступления 
загрязняющих веществ в почвенный слой, получены коэффициенты накопления элементов относительно миро-
вых кларков по Виноградову. Так, обнаружен повышенный коэффициент накопления мышьяка, марганца, никеля 
(Кк ≥ 1,5). Геоэкологические процессы техногенеза в районе газоконденсатного месторождения сопровождаются 
формированием ореолов загрязнения почв, что определено посредством геоинформационных систем технологий. 
Геохимические показатели почв как индикаторы их состояния отражают высокую функциональность в условиях 
негативного воздействия при добыче газа и реально оценивают геоэкологическую обстановку на месторождении. 
Показано, что пространственное распределение марганца, никеля преимущественно связано с технологическими 
процессами, регулярными производственными работами и сваркой. Превышение же содержаний мышьяка может 
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Introduction
The geoecological state of gas condensate 

field territories is influenced by increasingly in-
tensive production and is associated with the 
problem of taiga landscape disturbance and the 
risks of soil contamination by drilling products, 
gas treatment, and transportation [1, 2]. This 
process involves mechanical soil destruction, 
adverse physical and chemical impacts with the 
fragmentary or complete annihilation of humus, 
and topsoil compaction. Chemical impact on the 
soil cover occurs both as a result of atmospheric 
deposition from industrial units and due to leaks 
and losses of process fluids from operating in-
stallations. This also occurs due to violations of 
equipment operating regulations and accidents. 
In gas production areas, there is a threat of per-
sistent and sometimes irreversible transformation 
of natural ecosystems, leading to the formation 
of a mining industrial natural-technogenic system 
with a dominant technogenic component. More-
over, the boundaries of such an impact signifi-
cantly exceed the territory of the immediate field 
development area [3].

The spatiotemporal distribution of pollutant el-
ements, including heavy metals in soils, is charac-
terized, as a rule, by high heterogeneity, concen-
trating near pollution sources and accumulating 
over time due to the absence of biodegradation. 
Maximum concentrations are characteristic of the 
upper humus horizon; the contamination is cumu-
lative in nature, and under prolonged technogenic 
impact, the concentrations of heavy metals in the 
soil increase.

In this regard, forecasting the scale of the neg-
ative impact of gas production areas on soils is a 
relevant and necessary long-term task for identify-
ing the most vulnerable natural components of the 

territory under the influence of intensifying mining 
industrial technogenesis [4, 5].

Despite a number of studies on the geoecologi-
cal state of territories in the gas production zone, the 
problem of establishing object-oriented ecological 
and geochemical monitoring within field territories, 
as well as the prospects of technogenic impact on 
soils, remains relevant [6–8].

It should be taken into account that at a high 
level of contamination exceeding the soil’s capacity 
to bind toxicants, the accumulation of pollutants 
in the soil profile and their subsequent migration 
may occur [9–12]. Global research and soil con-
dition monitoring record a dangerous global trend 
of increasing heavy metal concentrations, which 
is most acutely observed in the zone of subsur-
face development and mineral extraction. As a 
result, hazardous endogenous processes form 
in these territories, local geochemical anomalies 
with elevated toxicant contents arise, and a global 
technogenically altered geochemical structure of 
the lithosphere is formed [13]; therefore, the de-
velopment of new approaches for the geoecolog-
ical assessment of dynamically changing natural 
systems under conditions of intensifying techno-
genesis is a pressing problem [14].

In this work the main emphasis is placed on 
studying the spatiotemporal dynamics of the geo-
ecological state of the soil cover, which serves as 
a natural depository for all pollutants entering it 
during the operation of numerous production units 
involved in gas extraction. The most effective and 
illustrative method is the use of geoinformation 
system technologies (GIS technologies), which 
allow for a highly informative assessment of chang-
es in the state of the territory, including soils, and 
forecasting the development of the situation under 
technogenesis conditions.

быть обусловлено наследованием геолого-геохимической особенности Прибайкальской природной территории с 
повышенным содержанием этого металлоида в составе привозного грунта для планировки территории Ковыктин-
ского газоконденсатного месторождения. Таким образом, интеграция геоинформационных систем технологий с 
результатами геохимических исследований является эффективным инструментом комплексной геоэкологической 
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As part of our systematic research in the tech-
nogenesis zone on the topic “Theory and methods 
of geoecological assessment of ecosystems, engi-
neering protection, and forecasting the state of the 
technogenically altered natural environment”, the 
following goals and objectives of this work have 
been formulated.

The purpose of the study is to identify, using 
geochemical parameters of soils and GIS techno- 
logies, the spatiotemporal distribution dynamics 
of heavy metals – cobalt, manganese, copper, 
nickel, lead, cadmium, zinc (included in the main 
list of priority pollutants), as well as arsenic – in 
technogenically transformed soils on the territory 
of a gas condensate field.

Research objectives:
1) to identify potential sources of technogenic 

pollutant input into the soils at the industrial site 
of the field;

2) to obtain quantitative parameters of the geo-
chemical state of technogenic soils in dynamics 
over the years for the period 2023–2026 and ear-
lier (for comparison), considering the priority list 
of pollutants;

3) to obtain the GIS distribution (halo maps) of 
the controlled elements in the soils on the field terri-
tory, to identify geochemical anomalies and associa-
tions, as well as the directions of pollutant migration.

1 State Standard 17.4.4.02-2017. Nature protection. Soils. Methods for sampling and preparation of soil for chemical, 
bacteriological, helmintological analysis. Moscow: Standartinform; 2018, 20 p.
2 State Standard 26212-91. Soils. Determination of hydrolytic acidity by Kappen method modified by CINAO. Moscow: 
Izdatelstvo Standartov; 1992, 7 p.

Materials and research methods
Object of the study. The object of the study was 

technogenic soils on the territory of the Kovykta gas 
condensate field, located in the north of the Irkutsk 
region. Fig. 1 shows the location area of the gas 
condensate field and the industrial installations at 
the industrial site, where soil sampling for research 
was conducted over a period of three years.

Subject of the study. The subject of the study 
was the soil in the zone of influence of industrial 
facilities (units) at the industrial site of the Kovykta 
gas condensate field and its geochemical param-
eters, which serve as indicators of the ecological 
state.

Research methods. To achieve the set ob-
jectives, the following methods were applied in 
the work: a systems approach, comparative and 
geoecological analysis, mathematical and GIS 
modeling. Sample preparation was carried out in 
accordance with State Standard 17.4.4.02-2017 1. 
The elemental chemical composition of soils (total 
contents) was determined using standard geo-
chemistry methods: atomic absorption spectrosco-
py (on certified equipment) and X-ray fluorescence 
analysis using a portable SciAps X‑200-30453 
series instrument.

Soil pH values were obtained potentiometrically 
according to State Standard 26212-91 2. Organic 

Fig. 1. Location of the Kovykta gas condensate field and industrial installations at the industrial site
Рис. 1. Расположение Ковыктинского газоконденсатного месторождения 
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carbon content was determined photometrically 
according to State Standard 26213-2021 (clause 
6.1) 3, and total nitrogen content was determined 
by the photometric method according to State 
Standard R 58596-2019 (clause 7.2) 4. Statistical 
data processing was performed in Statistica 10; 
schematic maps were built in Surfer 23.1.162 using 
GIS techniques 5 [15–17].

Results and discussion
To support economic activities during the opera-

tion period of the Kovykta field, more than 7,500 km²  
of land have been utilized, which, under intensive 
gas production and adverse impacts on soils, in-
evitably leads to soil degradation. However, the 
production area continues to expand. Loamy soils 
on the field territory have formed as technozems, 
which are distributed across the entire industri-
al site. Soil materials for site development and 
grading were imported from nearby quarries and 
borrow pits within the Irkutsk region, particularly 
from the Zhigalovo and Kazachinsko-Lensky dis-
tricts. Mudstones and clay rocks were imported 
from local quarries of the Yaraktinsky field and 
nearby locations.

In accordance with the objectives, a critical 
analysis of production units at the industrial site 
was conducted from the perspective of the poten-
tial release of pollutants into the soil layer.

Gas wells. Gas wells are a critically important 
initial technological facility that determines the 
operational capacity and overall efficiency of the 
field. During well operation, drill cuttings, petroleum 
products and condensate, methanol (as a hydrate 
formation inhibitor), and brine rich in heavy metals 
and salts enter the soil. Drilling fluids used during 
drilling may also contain reagents such as poly-
mers and rheological modifiers [18, 19].

The gas gathering header. The gas gathering 
header is a pipeline system for collecting gas and 
condensate. Pollutants from leaks may include 
gas condensate and hydrocarbons, methanol, and 

3 State Standard 26213-2021. Soils. Methods for determination of organic matter. Moscow: Russian Institute of Standardization; 
2021, 11 p.
4 State Standard R 58596-2019 (clause 7.2). Soils. Methods for determination of total nitrogen. Moscow: Standartinform; 
2019, 11 p.
5 Getting to know ArcView GIS: the geographic information system (GIS) for everyone by Environmental Systems 
Research Institute (Redlands, Calif.). Available from: https://archive.org/details/isbn_9781879102460/page/n9/
mode/2up [Accessed: 15th November 2025].

brine containing large amounts of heavy metals 
and salts that seep into the ground due to metal 
corrosion or damage [20].

Low-temperature separation unit. This tech-
nology involves separating liquid from gas and 
separating condensate and water-methanol solu-
tion by cooling it to -40°C using a turboexpander, 
heat exchanger, ejector, and throttle. Leaks result 
in the release of light hydrocarbons, methane, re-
frigerants, and methanol into the soil.

Compressor station. At the station, gas is 
compressed by screw, piston, or centrifugal com-
pressors to maintain pressure in the network and 
transport gas through the main gas pipeline. Sub-
stances contaminating the soil as a result of leaks 
include: lubricants, oils, gases, and condensates.

Condensate stabilization unit. This unit carries 
out the process of heating and rectifying unstable 
condensate to remove light hydrocarbon frac-
tions. Leakage waste includes: raw condensate, 
propane-butane fraction, and wastewater pene-
trating into the ground.

Methanol regeneration unit. This unit recovers 
methanol from the rich mixture through heating 
and rectification for reuse in preventing hydrate 
formation. Leaks contain methanol and water im-
purities with salts.

Methanol storage park. The methanol storage 
park is a tank farm with cylindrical vessels on foun-
dations. Leaks cause methanol to seep into the 
soil, leading to toxic contamination of the territory.

Gas condensate storage park. The gas con-
densate storage park is a tank complex for light 
hydrocarbons. The main waste entering the soil 
due to corrosion or overflows includes: raw con-
densate and gasoline fractions.

In the soils of the studied field territory, ex-
ceedances of total forms were identified for 
manganese – up to 1,700 mg/kg (maximum 
permissible concentration (MPC) – 1500 mg/
kg), arsenic – up to 11–14.4 mg/kg (estimated 
permissible concentration (EPC) – 2 mg/kg), and 
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nickel – up to 85 mg/kg (EPC – 40 mg/kg). The 
EPC of arsenic in soil is regulated by Hygiene 
standards 2.1.7.020-94 6 and depends on the 
physicochemical properties of the soil, includ-
ing the granulometric composition; specifically, 
for loams, the EPC of arsenic is 10 mg/kg. The 
current regulation of arsenic content does not 
take into account its speciation in soils. How-
ever, when addressing the degree of soil con-
tamination by arsenic, the form in which arsenic 
accumulates in a given object is of significance. 
The toxicity of arsenic depends on its oxidation 
state: trivalent arsenic is 2–3 times more toxic 
than pentavalent arsenic, which is less mobile 
and more strongly adsorbed. Determination of 
the chemical forms of arsenic in soil waters has 
shown that in aerobic soils it is contained mainly 
in the form of As3O4³⁻ anions, and in anaero-
bic soils – as AsO3⁻. Arsenic oxides are water-
soluble, whereas haloarsenates, conversely, are 
hydrophobic. However, naturally, these nuances 
are not taken into account when assessing the 
level of soil contamination and are not monitored 
as part of environmental control.

The value of the key parameter of soil condi-
tion, the pH of the aqueous extract, ranges from 
4.2 to 5.5, which characterizes acidification of the 
surface soil layer in the industrial site zone. This 
may lead to an increase in the mobility of heavy 
metals entering from the subsurface during drilling 
as associated elements and to their immobilization 
in the soil.

Over the period from 2019 to 2025, a compar-
ative temporal analysis of heavy metal and arsenic 
contents in soils was conducted at the GIS points 
of regular sampling (geoecological monitoring – 
spring–autumn) across all the specified techno-
logical areas (units).

A preliminary background assessment of 
chemical element contents was carried out outside 
the industrial site at a distance of 10 km from it. In 
addition, the geochemical background for soils was 
calculated using the clarke method (according to 
A.E. Fersman). The values of total element content 
in soil are most commonly used in geochemistry 
and technogeochemistry. Based on the total con-

6 Hygienic Standards 2.1.7.020-94. Tentative allowable concentrations (TAC) of heavy metals and arsenic in soils with 
different phisical and chemical properties (gross contens, mg/kg). Addendum no. 1 to the list of MAC and TAC no. 6229-91-91.

tent values, the contrast and capacity of geochem-
ical barriers are assessed, and the formation of 
anomalous geochemical modules is determined. 
The use of the clarke allows for evaluating the 
intensity of a natural or technogenic anomaly, both 
positive (when exceeding the clarke) and nega-
tive (when below the clarke level).

In our case, compared to the clarks of world 
soils, the following elements in the studied soils 
are at or above the accumulation level:

–  arsenic, manganese, nickel (accumulation 
coefficient Kk ≥ 1.5);

–  the near-clarke association includes copper 
and zinc (accumulation coefficient Kk – 0.8–1.5);

–  lead and cobalt are recorded with a content 
deficiency (accumulation coefficient Kk ≤ 0.7).  
Median values were used for the comparative geo-
chemical characterization relative to the global 
clarks of world soils according to A.P. Vinogra-
dov – arsenic – 5 mg/kg, nickel – 40 mg/kg, man-
ganese – 850 mg/kg.

The temporal dynamics of increasing contents 
for three elements – manganese, arsenic, and nick-
el – from the beginning of the field operation were 
revealed by year. Histograms (box-and-whisker  
plots) were obtained, allowing for a clear assess-
ment of the relationship between the intensity of 
territory development in the gas production zone 
and the level of adverse impact manifested as the 
release of these elements into the soil from indus-
trial units (Fig. 2).

To elucidate the varying nature of the observed 
distribution of controlled elements in soils, an 
analysis of the pace and scale of industrial site 
development and infrastructure construction was 
conducted for the specified years.

All industrial facilities (the integrated gas treat-
ment unit, well clusters, warehouses, terminals, 
etc.) occupy approximately 7 km².

The years 2019–2022 are characterized by 
the commencement of works; this represents the 
pilot operation stage of the facility, involving the 
installation and preparation of the main industrial 
facilities. Operation of gas wells had not yet begun.

2023 was marked by intensive welding works 
and the installation of all equipment.
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2024 represents the period of maximum pro-
duction capacity and the scaling-up of production 
capabilities.

2025 is the stage of technological process 
stabilization and reaching the design parameters.

It has been shown that the soils are charac-
terized by an acidic and slightly acidic environ-
ment, low organic carbon content, and low nitro-
gen enrichment (pH = 4–5 units), organic carbon 
(Corg = 10%), and total nitrogen (Ntot = 0.6%). Soil 
acidification and the lack of the necessary amount 
of organic matter and nitrogen in the soil may de-
termine the mobility of certain heavy metals and 
arsenic, which also contributes to the migration of 
these elements.

Continuous welding operations, especially on 
pipelines laid across the entire territory of the indus-
trial site, cause an active input of manganese into 
the soils. Concurrently, a high content of total iron in 
the technogenic soils was also identified. This has 
resulted in the accumulation of manganese in the soil 
layer at the geochemical barrier represented by iron 
oxides and their concretions. Moreover, regardless 
of the concentration of manganese entering the soil, 
the geochemical barrier in the form of iron oxides in 
the soil effectively fulfills its accumulative role.

A similar stable accumulation relationship is 
observed in the case of nickel distribution in soils. 
However, in the case of arsenic distribution in 
technogenic soil, the nature of the process, the 
binding of arsenic by iron, changes substantial-
ly (Fig. 3).

A negative correlation (a noticeable, moder-
ate, statistically significant relationship) was found 
between the content of iron and arsenic, with a 
coefficient of determination R² = 0.5636. This 
means that, unlike manganese and nickel, arsenic 
is weakly sorbed onto the solid ferruginous phase. 
The reason for the observed effect may be the high 
sensitivity of this metalloid to the pH environment: 
it is maximally bound in a high oxidation state V 
in an alkaline environment compared to an acidic 
one. Since the observed pH of the soil environ-
ment at the industrial site is acidic (pH = 4–5), 
arsenic is not immobilized on iron hydroxides. It is 
also evident that, under these conditions, the total 
forms transition into more mobile ones; therefore, 
a decrease in the effectiveness of the ferruginous 
barrier for binding total arsenic is observed.

For the visualization of geochemical data, GIS 
distributions of the dominant pollutant elements in 
the soil layer were obtained for the entire observa-
tion period. A GIS based on the spatial referencing 
of geochemical data to the territory represents a 
multifunctional tool for the comprehensive as-
sessment of its condition and for forecasting the 
resilience of territories to adverse environmental 
impacts. Using the year 2025 as an example, vi-
sualized results of the geochemical analysis of 
soils and the direction of element migration are 
presented (Fig. 4–6).

The conducted temporal and spatial GIS anal-
yses confirmed the results of the technological 
analysis of production units at the industrial site 

Fig. 2. Dynamics of manganese (a), nickel (b), arsenic (c) contents  
in the soils of the industrial site relative to average values

Рис. 2. Динамика содержаний марганца (a), никеля (b), мышьяка (c)  
в почвах промплощадки относительно средних значений
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Fig. 3. Dependence of arsenic content on iron content
Рис. 3. Зависимость содержания мышьяка от содержания железа
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Fig. 4. Geoinformation system distribution of manganese in soils  
at the Kovykta gas condensate field site, mg/kg:

1 – gas well cluster; 2 – low-temperature separation unit;
3 – central booster compressor well;

4 – condensate stabilization unit; 5 – methanol recovery unit;
6 – methanol storage facility; 7 – stable condensate storage facility

Рис. 4. Геоинформационное системное распределение марганца в почвах на территории 
промплощадки Ковыктинского газоконденсатного месторождения, мг/кг:

1 – куст газовых скважин; 2 – установка низкотемпературной сепарации; 
3 – центральная дожимная компрессорная скважина;  

4 – установка стабилизации конденсата; 5 – установка регенерации метанола; 
6 – парк хранения метанола; 7 – парк хранения стабильного конденсата
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Fig. 5. Geoinformation system distribution of nickel in soils  
at the Kovykta gas condensate field site, mg/kg:

For a description of the symbols, see Fig. 4
Рис. 5. Геоинформационное системное распределение никеля в почвах на территории  

промплощадки Ковыктинского газоконденсатного месторождения, мг/кг:
Описание условных обозначений см. на рис. 4
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Fig. 6. Geoinformation system distribution of arsenic in soils  
at the Kovykta gas condensate field site, mg/kg:

For a description of the symbols, see Fig. 4
Рис. 6. Геоинформационное системное распределение мышьяка  в почвах на территории 

промплощадки Ковыктинского газоконденсатного месторождения, мг/кг:
Описание условных обозначений см. на рис. 4 
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from the perspective of soil contamination: in one 
case, this represents a natural input of an element, 
and in the other, a technogenic origin of elevated 
heavy metal concentrations in the soil layer. Thus, 
manganese predominantly accumulates in soils 
in the pipeline zone and where welding is regu-
larly performed: up to 700 m of pipes are welded 
per day, reaching up to 5,000 m per week. During 
welding, a welding aerosol is formed in the arc 
discharge zone, containing manganese and nickel 
oxides from electrode coatings. The presence of 
sodium fluorides in the electrodes also contributes 
to the generation of large amounts of manganese 
that settles onto the soils.

The GIS distribution of nickel may also be 
associated with ongoing metal repair operations, 
pipe welding, and the abrasion of machine parts 
due to heavy vehicle traffic. At peak operations, 
100–300 vehicles pass through the field daily, in-
cluding 50–100 trucks and 20–50 units of special 
machinery, which is equivalent to 3,000–9,000 
vehicles per month.

The areal exceedance of arsenic content in 
soils identified through GIS is linked to the import-
ed soil material from the Yaraktinsky field used 
for the grading and infrastructure development 
of the gas production site. This is consistent with 
data on the exceedance of the EPC for arsenic in 
the soils of this region, which is attributable to the 
natural geological and geochemical background of 
the Irkutsk region in the Baikal area. Furthermore, 
the development of drilling pads and the laying of 
geophysical seismic survey profiles continuously 
disturb the soil cover, bringing arsenic from the 
lower horizons to the surface. The exceedances of 
arsenic content are also related to the underlying 
rocks of the production area. The imported soil 
used for backfilling and grading of the industrial 
sites of the Kovykta gas condensate field is rich 
in arsenic.

It should also be emphasized that the accu-
mulation of the indicated elements in the soil may 
be influenced by the sorption activity of mobile 
ions (cations) of calcium, magnesium, potassium, 
and sodium in the soil absorption complex, which 
enter the territory of the industrial site in the form 
of brine (a highly concentrated salt solution) from 

well drilling. This may additionally lead to the im-
mobilization of certain elements at the chemical 
barrier due to the formation of compounds with 
low migration rates, such as hydroxo complexes 
involving heavy metals.

Conclusion
The nature of the spatiotemporal distribution 

of heavy metals and arsenic on the territory of the 
gas condensate field for the period 2019–2025 
has been identified. The temporal dynamics of 
the increase in the contents of manganese, ar-
senic, and nickel from the beginning of the field’s 
operation by year allows for a clear assessment 
of the relationship between the intensity of ter-
ritory development in the gas production zone 
and the level of adverse impact manifested as 
the release of these elements into the soil. Geo-
chemical indicators reflect their high functionality 
under the conditions of adverse impacts during 
gas production and provide a realistic assessment 
of the geoecological situation at the field. The co-
efficients of element accumulation relative to the 
global clarks according to A.P. Vinogradov were 
obtained: an elevated accumulation coefficient was 
found for arsenic, manganese, and nickel (Kk ≥ 
1.5). Illustrative GIS distributions of the controlled 
elements – the dominant pollutants (manganese, 
nickel, arsenic) – revealed their dispersion halos 
and migration directions. It has been shown that 
the spatial distribution of manganese and nickel 
is related to technological processes, regular pro-
duction operations, and welding.

Cases of arsenic content exceeding the regula-
tory standard may be attributed to the inheritance 
of the geological and geochemical features of the 
Baikal natural territory, with an elevated content 
of this metalloid in the composition of the import-
ed soil used for grading the gas condensate field 
territory.

Thus, the integration of GIS technologies with 
the results of geochemical surveys is an effective 
tool for the comprehensive assessment of the ter-
ritory in the technogenesis zone and serves as a 
basis for the development of effective, modern, 
object-oriented monitoring in the gas condensate 
field zone.



2026;49(1):72-83Pyzhianov D.I., Sarapulova G.I. Spatiotemporal distribution of elements in technogenic soils... 
Пыжьянов Д.И., Сарапулова Г.И. Пространственно-временное распределение элементов...

www.nznj.ru 81

References

1. Shavina E. V. World gas industry development trends in modern conditions. Geoeconomics of Energetics. 2020;12(4):40-
58. (In Russ.). https://doi.org/10.48137/2687-0703_2020_12_4_40.

2. Shafigullin R. I., Sagatov R. F., Aslyamov A. I., Pavlov E. I., Abakumov A. V., Mukhametzyanov R. F., et al. On guard 
for environmental safety. Burenie i neft’. 2023;7-8:34-36. (In Russ.).

3. Alenichev V. M. Criteria for system assessment of changes in natural and technological systems in subsurface use. 
Mining information and analytical bulletin (scientific and technical journal). 2021;5-1:207-216. (In Russ.). https://doi.org/10
.25018/0236_1493_2021_51_0_207.

4. Pashkevich M. A., Danilov A. S. Ecological security and sustainability. Journal of Mining Institute. 2023;260:153-154. 
Available from: https://pmi.spmi.ru/pmi/article/view/16233 [Accessed 28th January 2026].

5. Ismagilova V. S., Chekushina T. V. Transportation of pipeline and liquefied natural gas: comparative analysis of pros and 
cons. Earth Sciences and Subsoil Use. 2023;46(1):61-71. (In Russ.). https://doi.org/10.21285/2686-9993-2023-46-1-61-71.

6. Belozertseva I. A. Experience of integrated assessment of soil cover state at production of underground energy resource 
in Middle Angara catchment. Eurasian Soil Science. 2020;2:244-258. (In Russ.). https://doi.org/10.31857/S0032180X20020021.

7. Okmyanskaya V. M. Topical issues of local environmental monitoring of an industrial site on the example of an oil 
and gas producing region. International Agricultural Journal. 2022;65(6):1084-1102. (In Russ.). https://doi.org/10.55186/2
5876740_2022_6_6_27.

8. Galchenko Yu.P., Eremenko V. A. Model representation of anthropogenically modified subsoil as a new object in the 
lithosphere. Eurasian Mining. 2019;2:3-8. https://doi.org/10.17580/em.2019.02.01.

9. Kozhevin P. A. Soil “health” indicators in soil assessment (review). Moscow University Bulletin. Series 17. Soil Science. 
2023;2:16-25. (In Russ.). https://doi.org/10.55959/MSU0137-0944-17-2023-78-2-16-25.

10. Koptsik S. V., Koptsik G. N. Assessment of current risks of excessive heavy metal accumulation in soils based 
on the critical loads concept (review). Eurasian Soil Science. 2022;5:615-630. (In Russ.). https://doi.org/10.31857/
S0032180X22050033.

11. Yakovets L. Migration of heavy metals in the soil profile. Norwegian Journal of Development of the International 
Science. 2021;54-1:8-12. https://doi.org/10.24412/3453-9875-2021-54-1-8-12.

12. Gayrabekov U. T. Geoecological aspects of oil and gas development in the mountain and foothill areas (using 
the example of the Chechen Republic). Sustainable development of mountain territories. 2016;8(2):127-134. (In Russ.). 
https://doi.org/10.21177/1998-4502-2016-8-2-127-134.

13. Gulieva G. A. Environmental pollution as a result of geological exploration at the Filizchay Pyrite-polymetallic deposit. 
Gornyi Zhurnal. 2024;7:75-79. https://doi.org/10.17580/gzh.2024.07.12.

14. Sarapulova G. I. Geochemical approach in assessing the technogenic impact on soils. Journal of Mining Institute. 
2020;243:388-392. (In Russ.). https://doi.org/10.31897/PMI.2020.3.388.

15. Sidikov F. U. Geoinformation system: prospects and rational use of ArcGIS software. Molodoi uchenyi. 
2012;4(39):86. (In Russ.).

16. Dzhalilova G. T. Development and implementation of information-analytical systems in mountain soil degradation 
processes monitoring. Molodoi uchenyi. 2018;19(205):18-20.

17. Glazovskaya M. A. Problems and methods of assessment of the ecogeochemical resilience of soils and the soil 
cover towards technogenic impacts. Eurasian Soil Science.1999;32(1):99-108.

18. Gizatullin R. R., Dvoynikov M. V., Romanova N. A., Nikitin V. V. Drilling in gas hydrates: managing gas appearance 
risks. Energies. 2023;16(5):1-13. https://doi.org/10.3390/en16052387.

19. Makwashi N., Zhao D., Abdulkadir M., Ahmed T., Muhammad I., et al. Study on waxy crudes characterization and 
chemical inhibitor assessment. Journal of Petroleum Science and Engineering. 2021;204:108734. https://doi.org/10.1016/j.
petrol.2021.108734.

20. Kozlov A. A., Aleksandrov I. S., Shestakov R. A. The method of detecting the coordinates of gas leak as a way to 
improve the safety and environmental friendliness of the operation of the main gas pipeline. Ecology and industry of Russia. 
2024;28(8):32-37. https://doi.org/10.18412/1816-0395-2024-8-32-37.

Список источников 

1. Шавина Е. В. Тенденции развития мировой газовой отрасли в современных условиях // Геоэкономика энер-
гетики. 2020. Т. 12. № 4. С. 40–58. https://doi.org/10.48137/2687-0703_2020_12_4_40.

2. Шафигуллин Р. И., Сагатов Р. Ф., Аслямов А. И., Павлов Э. И., Абакумов А. В., Мухаметзянов Р. Ф. [и др.].  
На страже экологической безопасности // Бурение и нефть. 2023. № 7–8. С. 34–36.

3. Аленичев В. М. Критерии системной оценки изменений природно-технологических систем при недропользо-
вании // Горный информационно-аналитический бюллетень (научно-технический журнал). 2021. № 5–1. С. 207–216. 
https://doi.org/10.25018/0236_1493_2021_51_0_207.

www.nznj.ru
https://doi.org/10.48137/2687-0703_2020_12_4_40
https://doi.org/10.25018/0236_1493_2021_51_0_207
https://doi.org/10.25018/0236_1493_2021_51_0_207
https://pmi.spmi.ru/pmi/article/view/16233
https://doi.org/10.21285/2686-9993-2023-46-1-61-71
https://doi.org/10.31857/S0032180X20020021
https://doi.org/10.55186/25876740_2022_6_6_27
https://doi.org/10.55186/25876740_2022_6_6_27
https://doi.org/10.17580/em.2019.02.01
https://doi.org/10.55959/MSU0137-0944-17-2023-78-2-16-25
https://doi.org/10.31857/S0032180X22050033
https://doi.org/10.31857/S0032180X22050033
https://doi.org/10.24412/3453-9875-2021-54-1-8-12
https://doi.org/10.21177/1998-4502-2016-8-2-127-134
https://doi.org/10.17580/gzh.2024.07.12
https://doi.org/10.31897/PMI.2020.3.388
https://doi.org/10.3390/en16052387
https://doi.org/10.1016/j.petrol.2021.108734
https://doi.org/10.1016/j.petrol.2021.108734
https://doi.org/10.48137/2687-0703_2020_12_4_40
https://doi.org/10.25018/0236_1493_2021_51_0_207


2026;49(1):72-83
Earth sciences and subsoil use / ISSN 2686-9993 (print), 2686-7931 (online) 

Науки о Земле и недропользование / ISSN 2686-9993 (print), 2686-7931 (online)

www.nznj.ru82

4. Pashkevich M. A., Danilov A. S. Ecological security and sustainability // Journal of Mining Institute. 2023. Vol. 260.  
P. 153–154. Режим доступа: https://pmi.spmi.ru/pmi/article/view/16233 (дата обращения: 28.01.2026).

5. Исмагилова В. С., Чекушина Т. В. Транспортировка трубопроводного и сжиженного природного газа: срав-
нительный анализ достоинств и недостатков // Науки о Земле и недропользование. 2023. Т. 46. № 1. С. 61–71.  
https://doi.org/10.21285/2686-9993-2023-46-1-61-71.

6. Белозерцева И. А. Интегральная оценка экологического состояния почвенного покрова при добыче газа 
в Среднем Приангарье // Почвоведение. 2020. № 2. С. 244–258. https://doi.org/10.31857/S0032180X20020021.

7. Окмянская В. М. Актуальные вопросы локального экологического мониторинга промышленной площадки 
на примере нефтегазодобывающего региона // International Agricultural Journal. 2022. Т. 65. № 6. С. 1084–1102. 
https://doi.org/10.55186/25876740_2022_6_6_27.

8. Galchenko Yu.P., Eremenko V. A. Model representation of anthropogenically modified subsoil as a new object  
in lithosphere // Eurasian Mining. 2019. № 2. P. 3–8. https://doi.org/10.17580/em.2019.02.01.

9. Кожевин П. А. Показатели почвенного «здоровья» в оценке почв (обзор) // Вестник Московского университета. 
Серия 17: Почвоведение. 2023. № 2. С. 16–25. https://doi.org/10.55959/MSU0137-0944-17-2023-78-2-16-25.

10. Копцик С. В., Копцик Г. Н. Оценка современных рисков избыточного накопления тяжелых металлов в почвах 
на основе концепции критических нагрузок (обзор) // Почвоведение. 2022. № 5. С. 615–630. https://doi.org/10.31857/
S0032180X22050033.

11. Yakovets L. Migration of heavy metals in the soil profile // Norwegian Journal of Development of the International 
Science. 2021. Vol. 54–1. P. 8–12. https://doi.org/10.24412/3453-9875-2021-54-1-8-12.

12. Гайрабеков У. Т. Геоэкологические аспекты освоения нефтегазовых месторождений в горных и предгор-
ных районах (на примере Чеченской Республики) // Устойчивое развитие горных территорий. 2016. Т. 8. № 2.  
С. 127–134. https://doi.org/10.21177/1998-4502-2016-8-2-127-134.

13. Гулиева Г. А. Загрязнение окружающей среды в результате геологоразведочных работ на Филизчайском 
колчеданно-полиметаллическом месторождении // Горный журнал. 2024. № 7. С. 75–79. https://doi.org/10.17580/
gzh.2024.07.12.

14. Сарапулова Г. И. Геохимический подход в оценке воздействия техногенных объектов на почвы // Записки 
Горного института. 2020. Т. 243. С. 388–392. https://doi.org/10.31897/PMI.2020.3.388.

15. Сидиков Ф. У. Геоинформационная система: перспективы, рациональное использование программного обе-
спечения ArcGIS // Молодой ученый. 2012. № 4 (39). С. 86.

16. Джалилова Г. Т. Разработка и внедрение информационно-аналитических систем в мониторинге деградаци-
онных процессов горных почв // Молодой ученый. 2018. № 19. С. 18–20.

17. Glazovskaya M. A. Problems and methods of assessment of the ecogeochemical resilience of soils and the soil 
cover towards technogenic impacts // Eurasian Soil Science.1999. Т. 32. № 1. С. 99–108.

18. Gizatullin R. R., Dvoynikov M. В., Romanova N. А., Nikitin V. V. Drilling in gas hydrates: managing gas appearance 
risks // Energies. 2023. Vol. 16. № 5. P. 1–13. https://doi.org/10.3390/en16052387.

19. Makwashi N., Zhao D., Abdulkadir M., Ahmed T., Muhammad I. Study on waxy crudes characterization and chemical 
inhibitor assessment // Journal of Petroleum Science and Engineering. 2021. Vol. 204. Р. 108734. https://doi.org/10.1016/ 
j.petrol.2021.108734.

20. Козлов А. А., Александров И. С., Шестаков Р. А. Методика обнаружения координаты утечки газа как способ 
повышения безопасности и экологичности эксплуатации магистрального газопровода // Экология и промышленность 
России. 2024. Т. 28. № 8. С. 32–37. https://doi.org/10.18412/1816-0395-2024-8-32-37.

Daniil I. Pyzhianov,
Postgraduate Student, 
Institute of Subsoil Use, 
Irkutsk National Research Technical University,
Irkutsk, Russian Federation,
* dan555inx@gmail.com 
https://orcid.org/https://orcid.org/0009-0002-6059-7008
Пыжьянов Даниил Игоревич, 
аспирант, 
Институт недпорользования, 
Иркутский национальный исследовательский технический университет, 
г. Иркутск, Российская Федерация,
* dan555inx@gmail.com
https://orcid.org/https://orcid.org/0009-0002-6059-7008

Information about the authors / Информация об авторах

https://pmi.spmi.ru/pmi/article/view/16233
https://doi.org/10.21285/2686-9993-2023-46-1-61-71
https://doi.org/10.31857/S0032180X20020021
https://doi.org/10.55186/25876740_2022_6_6_27
https://doi.org/10.17580/em.2019.02.01
https://doi.org/10.55959/MSU0137-0944-17-2023-78-2-16-25
https://doi.org/10.31857/S0032180X22050033
https://doi.org/10.31857/S0032180X22050033
https://doi.org/10.24412/3453-9875-2021-54-1-8-12
https://doi.org/10.21177/1998-4502-2016-8-2-127-134
https://doi.org/10.17580/gzh.2024.07.12
https://doi.org/10.17580/gzh.2024.07.12
https://doi.org/10.31897/PMI.2020.3.388
https://doi.org/10.3390/en16052387
https://doi.org/10.1016/j.petrol.2021.108734
https://doi.org/10.1016/j.petrol.2021.108734
https://doi.org/10.18412/1816-0395-2024-8-32-37
https://orcid.org/
https://orcid.org/


2026;49(1):72-83Pyzhianov D.I., Sarapulova G.I. Spatiotemporal distribution of elements in technogenic soils... 
Пыжьянов Д.И., Сарапулова Г.И. Пространственно-временное распределение элементов...

www.nznj.ru 83

Galina I. Sarapulova, 
Dr. Sci. (Chem.), Professor, 
Professor of the Department of Mineral Processing  
and Environmental Protection, 
Institute of Subsoil Use, 
Irkutsk National Research Technical University,
Irkutsk, Russian Federation,
sara131@mail.ru
https://orcid.org/0000-0002-5056-3181
РИНЦ Author ID: 110513
Scopus Author ID: 7004366174
Researcher ID WoS: AAA-9993-2019
Сарапулова Галина Ибрагимовна, 
доктор химических наук, профессор,
профессор кафедры обогащения полезных ископаемых  
и охраны окружающей среды, 
Институт недпорользования, 
Иркутский национальный исследовательский технический университет, 
г. Иркутск, Российская Федерация,
sara131@mail.ru
https://orcid.org/0000-0002-5056-3181
РИНЦ Author ID: 110513
Scopus Author ID: 7004366174
Researcher ID WoS: AAA-9993-2019

Contribution of the authors / Вклад авторов

Daniil I. Pyzhianov – investigation, resources, validation, visualization, writing – original draft.
Galina I. Sarapulova – conceptualization, data curation, formal analysis, supervision, writing – editing.
Д.И. Пыжьянов – проведение исследования, предоставление ресурсов, валидация результатов, визуализация, 

написание черновика рукописи. 
Г.И. Сарапулова – разработка концепции, курирование данных, формальный анализ, научное руководство, 

редактирование рукописи.

Conflict of interests / Конфликт интересов

The authors declare no conflict of interests.
Авторы заявляют об отсутствии конфликта интересов.

The final manuscript has been read and approved by the authors.
Авторы прочитали и одобрили окончательный вариант рукописи.

Information about the article / Информация о статье

The article was submitted 13.02.2026; approved after reviewing 25.02.2026; accepted for publication 05.03.2026
Статья поступила в редакцию 13.02.2026; одобрена после рецензирования 25.02.2026; принята к публикации 

05.03.2026. 

www.nznj.ru
mailto:sara131@mail.ru
https://orcid.org/0000-0002-5056-3181
mailto:sara131@mail.ru
https://orcid.org/0000-0002-5056-3181

