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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 (APIS) 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 KCI 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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AHHOTALINA

Beeoenue. 3arpszHeHne OKpY’KarOIEeH Cpeabl TSHKEIBIMU MEeTaJUIaMH MPEACTABISIET cO00 0/IHY M3 HanboJee aKkTyallb-
HBIX 9KOJIOTHYECKUX MPOOIIeM, TOCKOJIBKY 9TH BEIIECTBA HETATHBHO BIHMSIOT Ha SKOCHCTEMBI U 3/10pPOBBE )KUBBIX Opra-
HHU3MOB. B suTeparype akTHBHO HCCIIETyeTCsl BOIPOC O HAKOIUICHHH TSDKEJIBIX METaJUIOB PAcTCHUSIMH B YPOOAIKOCH-
cTeMax, OJHAKO MHOTHE acCIEKThl JaHHOW MPOOIEMBI OCTAIOTCS HEJOCTATOYHO PacKpeIThIMU. Hampumep, cymecTByro-
e MCCIIeIOBAHNS HE BCETJa YUHUTHIBAIOT BIUSHHUE PAa3UYHBIX (PAKTOPOB OKPYIKAIOMIEH Cpeasl Ha MPOIEce copOmmu
METAJUIOB. DTO CO3/aeT MPOoOeNbl B TOHUMAHUN MEXaHM3MOB B3aMMOJCHCTBHS PAaCTEHUI M 3arps3HSIOMINX BEIIECTB.
Hacrosmmee nccnenoBaHue HaleleHO Ha JETAIBFHOE HM3YUYCHHE 3aBHUCHMOCTH COPOIMH TSDKENBIX METaJIOB COCHOU
00BIKHOBEHHOM (Pinus sylvestris) oT ypoBHS 3arpsi3HEHUS Cpeibl. ABTOPBI CTaBAT 3a]1a4y ONPEACIIUTh, KAaK H3MEHSIOTCS
NOKa3aTeM HaKOIUICHHUS METAJUIOB B 3aBHCHMOCTH OT YCJIOBHH MPOM3pacTaHus, YTO MO3BOJUT OOJiee TOYHO OLEHHUTh
POJIb JAaHHOTO PACTEHUSI B 3KOJIOTHH TOPOJCKHX TEPPUTOPHIL.

Mamepuanst u memoowi. ViccnenoBanus IpOBOIMINCE Ha TeppuUTOopuH ropoxa Ywra 3abaiikanbckoro kpas. CocHa
OOBIKHOBEHHAS SIBJISIETCS] IMPOKO PACHPOCTPAHEHHBIM BHIOM poja cocHa B 3a0alfKalbCKOM Kpae, II03TOMY Marepua-
JIOM JUTS MCCIIEOBAaHMUS ITOCIYXKMIAa KOpa COCHBI OOBIKHOBEHHOH, a TaKk)Ke MOYBEHHbIE 00pa3Ilbl, B3SATHIE HAa ydacTKax
roposa Uura, OTIMYAIONINXCS UHTEHCUBHOCTHIO aHTPOIIOTEHHOW Harpy3ku. BbiOop y4acTkoB ajst oTOOpa Marepuana
OCYIIECTBIISJICA, B TOM YHCIIE, TI0 MTOKa3aTeI0 KOMIUIEKCHOTO 3arpsa3HeHus atMocdepHoro Bo3ayxa (M3AS) Ha Teppu-
Topuu ropoaa Yura. ITocie or6opa mpoOsI MoABEPranuch KBAPTOBAHUIO, CYIIKE M H3MEIbUYECHHUIO J0 MEIKO3EPHHUCTOrO
COCTOSTHHMSI, TIOCJIE Yero Kopa M 104Ba MOABEPrajiuch TepMUUecKoii 00padoTke B MydenbHoi neun npu 600 °C. O6ox-
KEHHYIO ITOYBY H 30JIy KOPBI COCHBI HCCIIE0BAIN [0 METOAMKAM, OOIIEIIPUHATHIM B XUMUH IPEBECHUHBI, C UCIIOIH30Ba-
HHEM CHCKTPOMETPHYCCKOTO METOlla Ha aTOMHO-abcopOmonHoM crektpomerpe Shimadzu AA—6200. KucmotHOCT
OTIPENEIUTH MTOTCHIMOMETPHYECKAM METOIOM B XJOPUAHOW BBITSDKKE. st aToro mcmoss3oBamn 1M pacteop KCl
(pH = 6,0), a taxxe cranmaptasie OydepHsie pactBopsl (pH 4,01; 6,86; 9,18) mna xanmubposku npudopa. CycrieH3un
TOTOBIIIH, 100aBIsIst K 30 T MOYBHI 75 MII 3KCTpareHTa, epeMeIlnBalil B TeUCHUE OJHOM MUHYTHI U n3Mmepsui pH mo-
cie crabmin3anyy nokasanui. [lapaanensHO BEIOIHSIN KOHTPOJIbHBIH 3KCIIEpUMEHT 0e3 00pasiia MoYBHI.
Peszynomamut uccnedosanusn. IIpoBeeHHBIN aHANN3 TOMYYEHHBIX JAHHBIX II0 CE30HHOMY HM3MEHEHMIO 30JbHOCTH H
BJI&YXKHOCTH KOPBI COCHBI OOBIKHOBEHHOW IOKa3aJl, YTO OHM HE3HAYMTEJILHO BO3PACTAalOT B JIETHE-OCEHHUH neproa. B
Xoz1e paboThl OblIa MOJTyueHa TMHAMHKA paclpeelIeHUs TSDKENIBIX METaJUIOB B [IOYBE M KOPE COCHBI OOBIKHOBEHHOI B
3aBHCHUMOCTH OT CE€30Ha rojia. BrisicHeHO, uTo HanboJIbIIee COAePAKAHNE MEIU B TIOYBE U B KOPE COCHBI OOBIKHOBEHHON
HaOmroaeTcst Ha yuyactke barapeiinoi comku, npessimias [1JIK B 11 pa3, nanee yn. I'panutnas, rae [1JIK npepbiiiexn
B 5 pa3. Bricokoe cozpepxaHue IIMHKA B MOYBE COCHBI OOBIKHOBEHHOM HaOiroaercst cpasy B Tpex Toukax: COCHOBBIN
6op, ITapk [Tamstu u barapeiinas conka, ¢ npessimenneM [1IK B 1,77; 1,74 u 1,5 paza cootBercTBeHHO. Conepxanne
CBUHIIA B MIOYBE Ha BCEX CEMH Toukax HaxoauTcs B mpenenax I1JIK. Ce30HHBIX N3MEHEHUH COAECPIKaHNS TSDKEJBIX Me-
TaJUIOB B MOYBE M KOpe He Habmogaercs. TakuM 0Opa3oM, B XO€ UCCIIEJOBaHMs ObLIa BIABICHA 3aBHCUMOCTh COIEp-
KAHUSI TSDKEIBIX METAJUIOB B TI0YBE M KOPE COCHBI OOBIKHOBEHHON OT CTENEHH aHTPOIIOT€HHOM 3arpy’kKeHHOCTH pano-
HOB ropoza Yuta 3abaiikambckoro Kpas.
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Oébcyscoenue. Pe3ynpTaTsl HCCIEIOBAHUS MTOKA3aJIN 3aBUCHMOCTD COAEPIKAHMS TSDKEIBIX METaUIOB B MCCIIEOBAHHBIX
00pa3Iax MmoYBbl U KOPBI COCHBI OOBIKHOBEHHOW OT CTENCHH MHTCHCHBHOCTH aHTPOIIOTCHHOM Harpysku. Takum oOpa-
30M, COCHA OOBIKHOBCHHASI TPEJICTABIISICT COOOM IIEHHBIH OOBEKT JUII MOHUTOPUHTA 3arpsI3HCHUS TSHKCIBIMUA METalIa-
MH, TaK KaK COYCTAeT B ce0C BBHICOKYIO UyBCTBHUTEIHLHOCTh K TEXHOI'C€HHOMY BO3JICHCTBHUIO, YCTOHYMBOCTh K HeOMaro-
MPUATHBIM YCJIOBUSAM U JIOJITOBPEMEHHYIO CIIOCOOHOCTh HAKAILTMBATH TOKCHKAHTHI. [10JydeHHBIC NaHHBIE OOOCHOBBI-
BaIOT I1€JIECO00PA3HOCTh BKIIFOUCHHS 3TOTO BHJA B CUCTEMBI 3KOJOTHYECKOTO KOHTPOJIS, OCOOCHHO B PETHOHAX C pa3-
BHTOW MTPOMBINIICHHOCTBIO W TPAHCTIOPTHOW MHpACTpyKTypol. JlanbHeiimue ucciaeoBaHns MOTYT OBITh HAIllPaBICHEI
Ha pa3paboTKy CTaHIAPTU3MPOBAHHBIX METOJUK MCIIOIH30BAHUS COCHBI B OMOMHIUKAIINH, a TaKoke Ha m3ydeHue e€¢ Qu-
TOpEMEINAIIIOHHOTO ITOTEHITHAA B YCIIOBHUIX XPOHMYECKOTO 3arPs3HEHIS.

3aknrouenue. TIpoBecHHOE UCCIIEIOBAHNE PACIIUPSET IIOHUMAHIE MEXaHM3MOB MUTPALNH U aKKyMYJSIIHHU TSKEIIBIX
METAJUIOB B YPOAHU3HPOBAHHBIX IKOCHCTEMAX, OCOOCHHO B YCIOBUAX PE3KO-KOHTUHEHTAIBHOTO KiinMara. [lomydeHHbIe
pe3yJIbTaThl MOTYT OBITH HCIOJB30BAHBI JJIS ONTUMHU3AIMH TOPOJCKOrO TUIAHUPOBAHUS, MUHUMH3AIUN HETaTUBHOTO
BO3JICHCTBUS HA 370POBhE HACCICHHS M Pa3pabOTKU CTPATETHi YCTOWYUBOTO Pa3BUTHsI TCPPUTOPHIA C BRICOKOIH aHTPO-

IIOr€HHOU Harpy3KoM.
KiroueBble ¢10Ba: TSDKEIBIC METAILTBL, 3arPSI3HCHIE TIOYBHI, COCHA OOBIKHOBCHHASI, MOHUTOPYHT, HETATUBHOE BO3/ICHCTBHIE

BaarogapHocTH. ABTOpBI OllaromapsAT COTPYAHHKOB JIA0OPaTOpUH (H3NKO-XMMHYECKUX HCCICIOBAHMN MPUPOIHBIX
00BEKTOB ¥ CHHTE3MPOBAaHHBIX BemecTB (DHUHAHCOBO-XO3SHCTBEHHOTO HWHCTUTYTa TpodieMm ocBoeHus Cubupm u

Bocroka 3abaiikanbcKoro rocyJapcTBEHHOIO YHUBEPCUTETA 33 TIOMOIIb B ITOIYYEHUH U 00CYKICHUH PE3YJIbTATOB.

Jna uurupoBanus. Typymesa T.B., Ecumos B.E. HWccnemoBanne copOmum TSDKETBIX METAUIOB HAa3eMHBIMH
SKOCHCTEMaMH Ha ydyacTKax ropoja Yura ¢ pa3au4yHOW aHTPONOTE€HHOM HAarpy3koil. bezonacHocmv mexHo2eHHbIX U
npupoonwix cucmem. 2025;9(3):196-207. https://doi.org/10.23947/2541-9129-2025-9-3-196-207

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 (Pinus 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 HCI 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 Stalild?rd

Spring Summer Autumn deviation
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 StaI.ldE.lI‘d

Spring Summer Autumn deviation
Pioneer Park 6.7 7.1 6.9 0.2000
Memory Park 4.9 53 55 0.3055
SibVO Stadium 4.8 5.1 54 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 42 4.3 0.2082
Granitnaya St. 4.8 5.0 54 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, %
L Season Standard
Sampling site o

Spring Summer Autumn deviation
Pioneer Park 3.0 3.1 3.6 0.3215
Memory Park 2.1 23 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 32 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 53
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.
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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.
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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, Pb?" 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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3asnenenHslit 6K1A0 ABMOPOB:
T.B. TypymeBa: HaydHOE PYKOBOJICTBO, pPa3padOTKa KOHICTIIHH.

B.E. Ecunos: npoBeieHHE UCCIIEAOBaHMUSL.
Kongpaukm unmepecog: aBTopsbl 3asiBJISAIOT 00 0TCYTCTBUM KOH(INKTA HHTEPECOB.
Bce asmopor npouumanu u 0000punu 0KOH4amMeENbHbIIL 6APUAHM PYKONUCHU.
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