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Abstract 
Introduction. Environmental pollution with heavy metals is one of the most pressing environmental problems, as these 
substances can have a negative impact on ecosystems and living organisms. In particular, the accumulation of heavy 
metals in plants in urban ecosystems is an issue that has been widely studied, but many aspects of the problem remain 
unintelligible. For example, existing research does not always consider the influence of different environmental factors 
on metal sorption processes. This creates gaps in understanding the mechanisms of interaction between plants and 
pollutants. The current study aims to investigate the dependence of heavy metal sorption by the Scots pine (Pinus 
sylvestris) on the level of environmental pollution. The goal is to determine how metal accumulation indicators change 
depending on the growing conditions, allowing for a more accurate assessment of this plant's role in urban ecology. 
Materials and Methods. The research was conducted in the city of Chita in the Trans-Baikal Territory. Scots pine is a 
widespread species of pine in this region, therefore, the bark of the Scots pine, as well as soil samples from sites in 
Chita that were exposed to high levels of human activity served as the basis for the study. Selection of sites was based, 
among other factors, on complex air pollution index (API5) in Chita. After collecting samples, they were quartered, 
dried, and ground into a fine powder. Then, the bark and soil were heated in a muffle furnace at 600°C. The burnt soil 
and pine bark ash were analyzed using methods commonly used in wood chemistry, including a spectrometric analysis 
on a Shimadzu AA-6200 atomic absorption spectrometer. The acidity was determined by the potentiometric method in a 
chloride extract. For this purpose, a 1M KCl solution (pH = 6.0) was used, as well as standard buffer solutions  
(pH 4.01; 6.86; 9.18) for instrument calibration. Suspensions were prepared by adding 75 ml of extractant to 30 g of 
soil, stirring for one minute. The pH was then measured after the readings stabilized. In parallel, a control experiment 
was conducted without a soil sample. 
Results. Analysis of the data on seasonal changes in the ash and moisture content of Scots pine bark showed that they 
slightly increased in the summer and autumn months. During the study, we also obtained data on the distribution of 
heavy metals in the soil and bark of Scots pine depending on the season of the year. It was found that the highest levels 
of copper in the soil and bark of Scots pine were observed in Batareinaya Sopka, exceeding the maximum permissible 
concentration by 11 times, followed by Granitnaya Street, where the maximum permissible concentration was exceeded 
by 5 times. Zinc levels in the soil were high at three locations: Sosnovy Bor, Memory Park, and Batareinaya Sopka, 
exceeding the maximum permissible concentration by 1.77, 1.74 and 1.5 times, respectively. Lead levels were within 
the MPC at all seven locations. There were no seasonal changes in the content of heavy metals in the soil and bark. 
Thus, the study revealed the dependence of the content of heavy metals in the soil and bark of the Scots pine on the 
degree of anthropogenic load in the districts of Chita in the Trans-Baikal Territory. 
Discussion. The results of the study demonstrated the correlation between the concentration of heavy metals in soil and 
bark samples of Scots pine and the degree of anthropogenic load. Therefore, the Scots pine can be considered a valuable 
object for monitoring heavy metal pollution, as it combines high sensitivity to man-made effects, resistance to adverse 
conditions and long-term ability to accumulate toxic substances. The data obtained support the idea of including the 
Scots pine in environmental monitoring systems, particularly in areas with developed industrial and transportation 
infrastructure. Future research could focus on developing standardized methods for using pine in bioindication, as well 
as studying its phytoremediation potential in conditions of chronic pollution. 
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Conclusion. The study expands our understanding of the mechanisms behind the migration and accumulation of heavy 
metals in urban ecosystems, especially in areas with a harsh continental climate. The findings can be used to improve 
urban planning, reduce the negative impact on public health, and develop sustainable strategies for areas with high 
levels of anthropogenic load. 
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Аннотация 
Введение. Загрязнение окружающей среды тяжелыми металлами представляет собой одну из наиболее актуаль-
ных экологических проблем, поскольку эти вещества негативно влияют на экосистемы и здоровье живых орга-
низмов. В литературе активно исследуется вопрос о накоплении тяжелых металлов растениями в урбоэкоси-
стемах, однако многие аспекты данной проблемы остаются недостаточно раскрытыми. Например, существую-
щие исследования не всегда учитывают влияние различных факторов окружающей среды на процесс сорбции 
металлов. Это создает пробелы в понимании механизмов взаимодействия растений и загрязняющих веществ. 
Настоящее исследование нацелено на детальное изучение зависимости сорбции тяжелых металлов сосной 
обыкновенной (Pinus sylvestris) от уровня загрязнения среды. Авторы ставят задачу определить, как изменяются 
показатели накопления металлов в зависимости от условий произрастания, что позволит более точно оценить 
роль данного растения в экологии городских территорий. 
Материалы и методы. Исследования проводились на территории города Чита Забайкальского края. Сосна 
обыкновенная является широко распространенным видом рода сосна в Забайкальском крае, поэтому материа-
лом для исследования послужила кора сосны обыкновенной, а также почвенные образцы, взятые на участках 
города Чита, отличающихся интенсивностью антропогенной нагрузки. Выбор участков для отбора материала 
осуществлялся, в том числе, по показателю комплексного загрязнения атмосферного воздуха (ИЗА5) на терри-
тории города Чита. После отбора пробы подвергались квартованию, сушке и измельчению до мелкозернистого 
состояния, после чего кора и почва подвергались термической обработке в муфельной печи при 600 °С. Обож-
женную почву и золу коры сосны исследовали по методикам, общепринятым в химии древесины, с использова-
нием спектрометрического метода на атомно-абсорбционном спектрометре Shimadzu AA–6200. Кислотность 
определяли потенциометрическим методом в хлоридной вытяжке. Для этого использовали 1М раствор KCl 
(pH = 6,0), а также стандартные буферные растворы (pH 4,01; 6,86; 9,18) для калибровки прибора. Суспензии 
готовили, добавляя к 30 г почвы 75 мл экстрагента, перемешивали в течение одной минуты и измеряли pH по-
сле стабилизации показаний. Параллельно выполняли контрольный эксперимент без образца почвы. 
Результаты исследования. Проведенный анализ полученных данных по сезонному изменению зольности и 
влажности коры сосны обыкновенной показал, что они незначительно возрастают в летне-осенний период. В 
ходе работы была получена динамика распределения тяжелых металлов в почве и коре сосны обыкновенной в 
зависимости от сезона года. Выяснено, что наибольшее содержание меди в почве и в коре сосны обыкновенной 
наблюдается на участке Батарейной сопки, превышая ПДК в 11 раз, далее ул. Гранитная, где ПДК превышен 
в 5 раз. Высокое содержание цинка в почве сосны обыкновенной наблюдается сразу в трех точках: Сосновый 
бор, Парк Памяти и Батарейная сопка, с превышением ПДК в 1,77; 1,74 и 1,5 раза соответственно. Содержание 
свинца в почве на всех семи точках находится в пределах ПДК. Сезонных изменений содержания тяжелых ме-
таллов в почве и коре не наблюдается. Таким образом, в ходе исследования была выявлена зависимость содер-
жания тяжелых металлов в почве и коре сосны обыкновенной от степени антропогенной загруженности райо-
нов города Чита Забайкальского края. 
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Обсуждение. Результаты исследования показали зависимость содержания тяжелых металлов в исследованных 
образцах почвы и коры сосны обыкновенной от степени интенсивности антропогенной нагрузки. Таким обра-
зом, сосна обыкновенная представляет собой ценный объект для мониторинга загрязнения тяжелыми металла-
ми, так как сочетает в себе высокую чувствительность к техногенному воздействию, устойчивость к неблаго-
приятным условиям и долговременную способность накапливать токсиканты. Полученные данные обосновы-
вают целесообразность включения этого вида в системы экологического контроля, особенно в регионах с раз-
витой промышленностью и транспортной инфраструктурой. Дальнейшие исследования могут быть направлены 
на разработку стандартизированных методик использования сосны в биоиндикации, а также на изучение её фи-
торемедиационного потенциала в условиях хронического загрязнения. 
Заключение. Проведенное исследование расширяет понимание механизмов миграции и аккумуляции тяжелых 
металлов в урбанизированных экосистемах, особенно в условиях резко-континентального климата. Полученные 
результаты могут быть использованы для оптимизации городского планирования, минимизации негативного 
воздействия на здоровье населения и разработки стратегий устойчивого развития территорий с высокой антро-
погенной нагрузкой. 

Ключевые слова: тяжелые металлы, загрязнение почвы, сосна обыкновенная, мониторинг, негативное воздействие 
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Introduction. One of the most urgent problems in modern ecology is environmental pollution by heavy metals. 
These substances [1] belong to the first and second hazard classes, as they have a significant negative impact on 
biological processes in ecosystems [2]. In addition, heavy metals can accumulate in living organisms, soil, and water 
bodies [3]. Entering the human body in small doses through the gastrointestinal tract, respiratory system, or skin, these 
substances are invisible to the naked eye, as they lack taste, smell, and color. However, their long-term accumulation [4] 
in human bones, liver, and brain can lead to severe diseases such as neurological disorders and cancer. Recently, there 
has been a growing interest in the scientific community [6] in the topic of heavy metal accumulation [5] by plants in 
urban ecosystems. In his work, the author [7] conducts a comparative analysis of the accumulation of heavy metals in 
the leaves, root and bark of the Siberian peashrub (Caragana arborescens) under conditions of anthropogenic impact on 
the territory of the Trans-Baikal Territory. Studies by another author show [8] that in urbanized landscapes, especially 
near highways, pine bark can accumulate significant concentrations of lead, cadmium, zinc, and copper, acting as kind 
of "storehouse" for these pollutants. Due to the mountainous and hollow location of the city of Chita and its high level 
of air pollution, the Scots pine tree absorbs pollutants on its needles and bark throughout the year. Therefore, research 
on the accumulation of heavy metals in coniferous trees in the climatic conditions of the Trans-Baikal Territory remains 
insufficiently explored, making this work particularly relevant. 

It has been established [9] that the place of growth significantly affects the quantitative content of heavy metals in plants. 
The main sources of heavy metal pollution in the environment of the Trans-Baikal Territory are industry, vehicle emissions, 
and private sector using coal for furnace heating. The problem of air pollution in the Trans-Baikal Territory is particularly 
acute, as the city of Chita has been among the cities with the highest levels of air pollution for several years. This problem is 
aggravated by natural and climatic conditions and the mountainous and hollow location of the city. In winter, the Siberian 
anticyclone dominates the territory of the Trans-Baikal Territory, which is characterized by low temperatures and lack of air 
mass transfer. This results in a temperature inversion over Chita that prevents normal dispersion of emissions. Therefore, 
monitoring of the state of atmospheric air by priority pollutants is necessary in many cities [10]. 

The Scots pine (Pínus sylvéstris) is of considerable interest in the context of phytoremediation of urban areas 
contaminated with heavy metals due to a number of unique adaptive mechanisms and high resistance to adverse 
environmental conditions. As an evergreen coniferous species, the pine accumulates pollutants all year round [11], 
especially effectively trapping metal-containing aerosols and dust particles that settle on the surface of the needles. 
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The bark of the Scots pine is a unique biological filter that plays a significant role in the accumulation of heavy 
metals from the urban environment. Unlike other tree tissues, the bark has a strong sorption capacity due to its porous 
structure and high lignin content, as well as the presence of phenolic compounds that bind metal ions actively. The 
process of metal accumulation in the bark is complex. Primary deposition occurs through direct contact with airborne 
particles, such as particles of tire wear, brake pads and pavement, which settle on the rough bark surface. Secondary 
accumulation occurs through bark diffusion processes, when soluble forms of metals enter the outer layers of bark 
through rainwater or condensation, becoming bound to cell walls through chelation with organic acids and tannins.  

Thus, the aim of this research is to investigate the relationship between the sorption of heavy metals by the Scots 
pine and the level of pollution in their growing environment, taking into account the sharply continental climate and the 
mountainous and hollow location of the city of Chita in the Trans-Baikal Territory. 

Materials and Methods. The bark of the Scots pine and soil samples taken from seven sites in Chita, which 
differed in the level of anthropogenic load, were used as the object of research (Fig. 1): site No. 1 — Pioneer Park 
(Zhuravleva St.); site No. 2 — Memorial Park (Petrovsko-Zavodskaya St.); site No. 3 — stadium SibVO 
(Kaidalovskaya St.); site No. 4 — Batareinaya Sopka; site No. 5 — Sosnovy Bor; site No. 6 — Bypass Highway; 
site No. 7 — Granitnaya St.. 

 
Fig. 1. Sampling map  

Sampling was conducted during the seasons from spring 2024 to winter 2025. At each sampling location, 10–
12 trees were selected and bark samples were collected. The top layer of bark was discarded, and then the fresh layer 
below was carefully removed using a knife. Soil samples were collected at a distance of 1.5 meters from the trees at a 
depth of 10 cm below the surface. 

The samples were quartered, dried, and ground to a fine-grained state, after which the bark and soil were thermally 
treated in a muffle furnace at 600°C. The burnt soil and ash of the bark of the Scots pine were studied according to the 
methods adopted in wood chemistry [12], using the spectrometric method on a Shimadzu AA–6200 atomic absorption 
spectrometer. Sample preparation for analysis on an atomic absorption spectrometer included taking a 5.00 g sample, 
placing it in a conical flask, wetting it with water and adding 15 ml of chemically pure hydrochloric acid. Then the 
mixture was boiled for 2–3 minutes, 5 ml of 2M chemically pure nitric acid was added and the contents of the flask 
were brought to the state of dry salts. After that, the flasks were removed from the stove, 30 ml of 5M hydrochloric acid 
1:1 was added and boiled again until dry salts were obtained, then HCl 1:1 was added again and boiled for 3 minutes. 
The flasks were cooled to room temperature, and then the volume of the solution was adjusted to 200 ml and filtered 
through blue ribbon filters. The resulting filtrate was analyzed on Shimadzu AA-6200 and Agilent 240 FS AA devices. 
The data was processed and organized into tables, and then the diagrams were constructed indicating the MPC in the 
soil (HN 2.1.7.2041–06). Acidity was determined by the potentiometric method in a chloride extract using a 1M KCl 
solution (pH=6.0), as well as standard buffer solutions (pH 4.01; 6.86; 9.18) for calibration of the device. The 
suspension was prepared by adding 75 ml of extractant to 30 g of soil, stirring for a minute, and pH was measured after 
stabilization of the readings. In parallel, a control experiment was conducted without a soil sample. 
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Results. During the course of the study, the moisture content and ash content of Scots pine bark, as well as soil 
moisture levels, were measured. An increase in moisture levels led to an increase in the mobility of heavy metals in the 
soil, and as a result, their bioavailability to plants increased (Tables 1–3). 

Table 1 
Seasonal dynamics of moisture changes in the Scots pine bark in 2024, % 

Sampling site 
Season Standard 

deviation Spring Summer Autumn 
Pioneer Park 6.4 7.6 8.1 0.8737 
Memory Park 5.9 7.3 7.9 1.0263 

SibVO Stadium 8.3 9.1 10.1 0.9018 
Batareinaya Sopka 10.2 11.3 12.6 1.2014 

Sosnovy Bor 7.3 8.7 9.8 1.2530 
Bypass Highway 6.1 7.5 8.2 1.0693 

Granitnaya St. 8.5 9.2 10.3 0.9074 

Table 2 
Seasonal dynamics of ash content in the Scots pine bark in 2024, % 

Sampling site 
Season Standard 

deviation Spring Summer Autumn 
Pioneer Park 6.7 7.1 6.9 0.2000 
Memory Park 4.9 5.3 5.5 0.3055 

SibVO Stadium 4.8 5.1 5.4 0.3000 
Batareinaya Sopka 5.2 4.5 4.7 0.3606 

Sosnovy Bor 4.9 4.7 5.2 0.2517 
Bypass Highway 3.9 4.2 4.3 0.2082 

Granitnaya St. 4.8 5.0 5.4 0.3055 

An analysis of the data on moisture and ash content of pine bark revealed that, on average, the bark had low 
humidity levels in all areas except for Batareinaya Sopka and Granitnaya Street. This could be explained by the fact that 
these locations were further away from the city and therefore received more moisture and lost it to a lesser extent due to 
sunlight exposure. The humidity increased slightly from winter to autumn throughout the year, while the ash content 
remained approximately the same. Although the ash content of the bark did not directly influence the accumulation of 
heavy metals, it could indirectly affect this process through the ratio of organic and inorganic substances in the bark. 
This, in turn, could influence the plant's ability to accumulate heavy metals [13]. 

Table 3 
Seasonal dynamics of soil moisture changes in 2024, % 

Sampling site 
Season Standard 

deviation Spring Summer Autumn 
Pioneer Park 3.0 3.1 3.6 0.3215 
Memory Park 2.1 2.3 2.5 0.2000 

SibVO Stadium 1.7 1.8 2.1 0.2082 
Batareinaya Sopka 2.4 2.5 3.0 0.3215 

Sosnovy Bor 3.0 3.2 3.8 0.4163 
Bypass Highway 3.7 3.9 4.2 0.2517 

Granitnaya St. 2.6 2.7 3.1 0.2646 

According to the data collected, soil moisture in these areas was low and increased slightly during the summer and 
autumn periods. 

Another important factor in the sorption of heavy metals from soil was its acidity. Podzolic soils were the most 
common type in the studied region. Their type was previously assessed by morphological features such as color and 
structure, which allowed us to identify genetic horizons. The analyzed samples were characterized by a gray-brown 
color and contained small aggregates, which was typical for sod-podzolic soils with a pH ranging from 4 to 7. 
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The data collected are presented in Table 4. 

Table 4 
pH values of soil extracts 

Sampling site pH value 
Pioneer Park 6.3 
Memory Park 5.5 

SibVO Stadium 6.3 
Batareinaya Sopka 4.9 

Sosnovy Bor 5.3 
Bypass Highway 6.6 

Granitnaya St. 5.6 

The conducted studies of Chita's soil cover revealed a number of interesting patterns. Among them, the data from 
the territories of Batareinaya Sopka and Sosnovy Bor were of particular concern. There, abnormally low pH values 
were recorded, which was surprising for coniferous forests. The analysis of the wind rose and the locations of industrial 
facilities indicated that these natural ecosystems actually became accumulators of pollutants from thermal power plants, 
boiler houses, and busy highways. The SibVO Stadium and the Bypass Highway showed good performance. These 
territories were characterized by acidity values in the range of 6.3–6.6 pH, which was consistent with the results of 
morphological studies of the soil cover and indicated its compliance with the sod-podzolic type. Granitnaya Street with 
its moderately acidic soils was a typical example of an urbanized area with a predominance of traffic load. Such results 
require further investigation, especially considering long-term trends and potential consequences for urban ecosystems. 

When studying the soil [14] and the bark of the Scots pine, special attention was paid to the following heavy metals: 
Cu, Zn, Pb. Each element has its own lamp emitting light with a certain wavelength: copper — 324.7 nm,  
lead — 283.3 nm, zinc — 213.9 nm. The obtained laboratory data are presented in Figures 2–7. 

 
а) 

 
b) 

Fig. 2. Zinc content: a — in the soil; b — in the bark 
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Fig. 3. Dependence of zinc content in the bark on the content in the soil  

 

а) 

 
b) 

Fig. 4. Copper content: a — in the soil; b — in the bark 

 
Fig. 5. Dependence of copper content in the bark on the content in the soil  
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а) 

 
b) 

Fig. 6. Lead content: a — in the soil; b — in the bark 

 
Fig. 7. Dependence of lead content in the bark on the content in the soil  

After analyzing the results, it can be noted that the levels of heavy metals in the Scots pine bark showed a slight 
increase from spring to autumn, while soil levels remained relatively stable. The highest levels of soil pollution were 
observed in areas such as Batareinaya Sopka, Sosnovy Bor, Memory Park, Granitnaya Street, and SibVO. The analysis 
revealed the dependence of levels of heavy metal contamination in the Scots pine soil and bark on the level of 
anthropogenic load in the respective areas. 

0

2

4

6

8

10

12

Pioneer Park Memory Park ОSibVO 
Stadium

Sosnovy Bor Batareinaya
Sopka

Bypass
Highway

Granitnaya St.

Le
ad

 c
on

te
nt

, m
g/

kg

Sampling site

Spring 2024 Summer 2024 Autumn 2024 Winter 2024 MPC

0

2

4

6

8

10

Pioneer Park Memory Park ОSibVO 
Stadium

Sosnovy Bor Batareinaya
Sopka

Bypass
Highway

Granitnaya St.

Le
ad

 c
on

te
nt

, m
g/

kg

Sampling site

Spring 2024 Summer 2024 Autumn 2024 Winter 2024

y = 0.648x + 0.1027
R² = 0.5675

0

2

4

6

8

10

0 1 2 3 4 5 6 7 8 9 10

C
on

te
nt

 in
 b

ar
k,

 m
g/

kg

Content in soil, mg/kg



Safety of Technogenic and Natural Systems. 2025;9(3):196–207. eISSN 2541−9129 

 

 

ht
tp

s:
//b

ps
-jo

ur
na

l.r
u 

204 

The research found a high concentration of copper in the soil at Batareinaya Sopka, which was 11 times higher than 
the maximum permissible level. This could be due to the presence of car repair shops and highways nearby, which 
could lead to increased levels of heavy metals in wastewater. Site No. 4 had a high level of air pollution due to its 
location on the leeward side of Chitinskaya CHPP-2. The samples taken near Granitnaya Street and the SibVO Stadium 
showed that the copper content was 5 and 1.5 times higher than the MPC, respectively. However, in other areas, the 
concentration remained within the sanitary standards. 

High zinc content in the soil has been observed at three locations: Sosnovy Bor, Memory Park, and Batareinaya 
Sopka, with excesses of MPC by 1.77, 1.74 and 1.5 times, respectively. Additionally, a slight excess of the maximum 
permissible concentration was detected in the areas of the SibVO Stadium and Granitnaya Street. In other areas the 
indicators were within the normal range. Lead content in the soil exceeded the maximum permissible concentration in 
near the SibVO Stadium by 1.6 times, near the Sosnovy Bor by 1.45 times and near the Batareinaya Sopka. No lead was 
found in areas such as Memorial Park, Pioneer Park and Bypass Highway. 

The excess of the maximum permissible concentration of lead was explained by the negative impact of energy and 
motor transport enterprises. Thus, in the ash deposits at CHPP-2 after coal combustion, lead content was 50–60% higher 
than the toxicity threshold. The wind carried toxic dust from the ash and slag dumps to all adjacent areas [15]. High 
levels of lead in soil were also caused by the slow removal of lead from soil. The rate of leaching varied between 4 and 
30 grams per hectare per year, which led to an increase in lead concentration, especially in areas near highways. 

There were no seasonal changes in the content of heavy metals in the soil. A slight fluctuation in the heavy metals 
content was observed in the bark. The levels increased gradually from spring to autumn, and then decreased slightly in 
winter and spring. This could be related to the growth cycle of the trees. 

At the Sosnovy Bor site, lead content in the bark was almost not detected. This discrepancy in the overall picture 
could be explained by lead's strong binding [16] to organic matter in soils with high humus content, as well as its 
formation of phosphates and carbonates, making it practically inaccessible to plants. Additionally, the absorption of 
heavy metals by plants was influenced by the ionic composition of the soil. For example, the presence of competing 
Ca2⁺ and Al3⁺ ions could inhibit the absorption of lead by roots [17]. In soils with high concentrations of these 
elements, Pb²⁺ supply to plants decreased, while zinc and copper [18] continued to accumulate due to specialized 
transport mechanisms. 

The cleanest section in this study was the Bypass Highway, since the sampling site in this case was far from the 
sources of pollution. 

Discussion. The results of the study revealed significant soil contamination with heavy metals (Pb, Zn, Cu) in 
several areas of the city. The maximum permissible concentration (MPC) was exceeded in some areas, with the highest 
levels recorded at Batareinaya Sopka (copper — 11 times, zinc — 1.5 times), Granitnaya Street (copper — 5 times) and 
in the area of the SibVO Stadium (lead — 1.6 times). These findings indicate a high anthropogenic load due to the 
proximity of industrial enterprises, highways and historical sources of pollution, such as landfills and boiler houses. At 
the same time, seasonal fluctuations in the content of heavy metals in the soil were found to be relatively minor, 
suggesting that the pollution is more likely to be chronic in nature. 

Special attention was paid to the impact of the hollow location of Chita on the environmental situation. The 
mountainous and hollow relief contributes to the accumulation of pollutants in the surface layer of the atmosphere and 
soil, limiting their natural dispersion. This is aggravated by the prevailing climatic conditions, such as a sharply 
continental climate with low precipitation, which increases the concentration of pollutants. The research results confirm 
that these factors create unfavorable conditions for natural self-purification of ecosystems, especially in areas with high 
anthropogenic load. 

An important aspect of the research was the study of the effect of soil acidity on the mobility and accumulation of 
heavy metals. It has been found that in acidic soils (pH 4.9–5.6), such as in the areas of Batareinaya Sopka and Sosnovy 
Bor, the availability of metals to plants increased, which contributed to their accumulation in the bark of pine trees. At 
the same time, neutral and slightly alkaline soils (pH 6.3–6.6) demonstrated lower mobility of heavy metals, which 
reduced their bioavailability. These data emphasize the importance of considering pH when assessing pollution risks 
and designing remediation measures. 

Thus, the Scots pine is a valuable tool for monitoring environmental pollution by heavy metals in a sharply 
continental climate and the hollow location of the city of Chita, combining high sensitivity to man-made impacts, 
resistance to adverse conditions and the long-term ability to accumulate toxins, thereby removing them from the 
circulation of substances. The data obtained substantiate the expediency of including this species in environmental 
control systems, especially in regions with developed industry and transport infrastructure. Further research could focus 
on developing standardized methods for utilizing the pine in bioindication, as well as studying its phytoremediation 
potential in conditions of chronic pollution. 
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Conclusion. The results of the study indicate that the city of Chita has a significant level of soil pollution by heavy 
metals. These metals are then absorbed by plants, which makes it possible to temporarily remove harmful compounds 
from the circulation and reduce their negative impact on the environment. The analysis of the results confirms the 
findings of previous researchers [19] that the absorption of heavy metals by the components of the natural environment 
is directly related to the proximity and intensity of their source of pollution [20]. 

Pine bark, being a passive but effective accumulator of heavy metals, deserves special attention in the strategies of 
phytoremediation of urban areas. Its ability to retain pollutants for a long time without significant damage to the vital 
activity of the tree makes this species a valuable component in protective plantings along transport arteries. However, 
for the maximum efficiency, it is essential to consider the dynamics of metal accumulation, the spatial distribution of 
metals, and develop methods for safely removing and processing contaminated bark to prevent it from returning to the 
biogeochemical cycle. 

The study expands our understanding of the mechanisms of migration and accumulation of heavy metals in urban 
ecosystems, especially in areas with a sharply continental climate. The results can be used to optimize urban planning 
and minimize the negative impact on public health. They can also help develop strategies for sustainable development 
in the areas with high levels of anthropogenic activity. 
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