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Abstract. The ecological condition of urban plantations is an urgent problem of our time.
The condition of plantations and soils characterizes the ecological and sanitary condition
of the environment. In the structure of the cities, urban and forest parks are of particular
importance. They mainly perform recreational functions, contributing to improving the health
and well-being of city residents. Woody plants, due to their properties to absorb harmful
substances that come with air pollution from industrial enterprises and motor vehicles, are
one of the main mechanisms for stabilizing the environmental situation in cities. Technogenic
pollutants, a significant proportion of which are heavy metals, make a significant contribution
to the pollution of ecosystems. Heavy metals represent a specific category of particularly toxic
pollutants. The main sources of their entry into the soil are related to human activity. Heavy
metals are accumulated by plants, which negatively affects the condition of urban plantations.
Soil contamination with heavy metals leads to significant changes in the agrochemical
state of the soil and the entire ecosystem. The accumulation of heavy metals in ecosystems
depends on various factors, mainly on the condition of the soil and vegetation and the level of
anthropogenic impact. The article describes the quantitative content of copper, lead, cadmium,
nickel and zinc in the samples of soil and leaves of silver birch growing in the territories of
Moscow parks. The sample plots have been laid in different functional areas of the parks:
at the alleged sources of negative impact, as well as at points farthest from anthropogenic
objects. The results of the study have been compared with the standards for maximum
permissible concentrations, the biological absorption coefficient has been calculated, and
the accumulation of heavy metals has been revealed depending on the location of the object
relative to potential sources of pollution. The soils of the plantations under study contain
concentrations of heavy metals that do not exceed the MPC level. The exception is zinc. Its
amount in some sample plots has been increased several times. Birch leaves have shown an
uneven accumulation of heavy metals depending on both the concentrations of the elements

in the soil and the location of the sample plots.
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Annomayus. JKOIOTUIECKOE COCTOSHUE TOPOJICKHAX HACAKICHHUH SIBISCTCS aKTyalbHOH
pobiemMoii coBpeMeHHOCTH. OHO XapaKTepU3yeT M COCTOSTHHE OKPY KaIOIIEeH CPe/Ibl B IETIOM.
B ctpykType roposoB ocoboe 3HaUeHHE UMEIOT TOPOJICKUE NapKU M JIECONapKu, KOTOPbIE
BBIMOJIHSIOT MPEUMYIIECTBEHHO PEKpeallMOHHbIe ()YHKIIUH, CIIOCOOCTBYSI YIYUIICHHIO 3710~
POBbs 1 Giraronoxy4nio ropoxad. [locaaka 1peBecHBIX paCTEHUI, TOTIOMAONINX BPEIHbIE
BEIECTBA, MOCTYNAIONIHUE C BO3AYXOM, 3arPSI3HEHHBIM TPOMBIIUICHHBIMY NPEANPUATUIMU
U aBTOTPAHCIIOPTOM, — OJMH M3 OCHOBHBIX MEXaHHW3MOB CTaOWIIM3alMU JKOJIOTHYECKOM
CUTYAIllH B TOpoJiaX. 3HAUNTEIHHBIN BKIIA B 3arPA3HEHIE SKOCHCTEM BHOCST TEXHOTCHHBIC
MIOJUTIOTAHTHI, BECOMYIO JONIO KOTOPBIX COCTABIISIIOT TSDKEIBIE METaUIbl. TspKenble Me-
TaJIJIBl BXOJST B KaTETOPUIO 0c000 TOKCHYHBIX 3arpsi3HuTencii. OCHOBHBIE MCTOYHHUKH
UX TIOMaJaHus B IOYBY CBSA3aHBI C JESATENBHOCTBIO YENOBEKa. TspKeIble MeTalllbl
HaKaIJIUBAIOTCSA PACTCHUSMH, YTO OTPHUIATEIBHO CKA3bIBACTCS HA COCTOSHUU TOPOJICKUX
HacaXACHWH. 3arps3HEHHWE MOYBBl TSDKEIBIMH METAlJIaMH IPHBOANT K CEPHE3HBIM
U3MEHEHUSM B arpOXMMUYECKOM COCTOSHUU MOYBBI U BO Bcel skocucreMme. Hakomienue
TSDKEJIBIX METAJIJIOB B 9KOCHCTEMax 3aBHUCHUT OT Pa3IHUHBIX (aKTOPOB, IPEHUMYIIECTBEHHO
OT COCTOSIHMSI TIOYBBI, PACTUTEIILHOCTH M YPOBHS aHTPOIMOTEHHOTO BO37eicTBus. B cra-
TbE OINHMCAHO KOJIMYECTBEHHOE COJAEp)KAaHHE MENIW, CBHHIA, KaAMWs, HUKEIS M IUHKA B
oOpasnax MmoyBbl U3 MapkoB MOCKBBI U JIUCTHEB Oepe3bl TOBUCIION, IIpon3pacTalonel Ha
TEPPUTOPUSIX ITUX MAapKOB. [IpoOHBIC IUIOMAAN 3AJI0KEHBI B Pa3HBIX (YyHKIIMOHAIBHBIX
30HaX TMapKOB: Yy MPEANOoNaraéMbIX UCTOYHHKOB HETaTHBHOTO BO3JCHCTBHS, a TakXke B
TOYKax, HanOoJee yJaJeHHBIX OT aHTPOIOTCHHBIX O0BEKTOB. [loyueHHbBIE MaHHBIE CO-
MOCTABJICHBl C TPEAEIbHO JOMYCTHMBIMU KOHIEHTPALMSIMHU, PAacCUnUTaH Kod(PPHUIUCHT
OMOJIOTUYECKOTO TIOTJIOLICHNUS, BBISBICHO aKKyMYJIHPOBAaHUE TSDKENIBIX METAJUIOB B 3a-
BHCHMOCTH OT pACIOJIOXECHUS OOBEKTa OTHOCHTEIHHO MOTEHIUANIBHBIX HCTOYHHUKOB
3arps3HeHus. KOHIEHTpaluy TSOKEIBIX METAJUIOB B ITOYBAX HCCIEAYyEMbIX HacaXIeHHH
HE MpPEBBIMAIOT NPEJEIbHO JOMYCTHMBIH ypoBeHb. MCKiIIOU€HHEM SIBASETCS IUHK, €r0
KOJINYECTBO Ha HEKOTOPBIX MPOOHBIX MJIOMIA/SMX OBIIO MOBBIIIEHO B HECKOJIBKO pa3. JINnCThs
Oepe3bl ToKa3anu HepaBHOMEPHOE HAKOTUICHHE TSDKEIIBIX METAJUIOB B 3aBUCHMOCTH KakK OT
KOHIICHTPAIMH 3]IEMEHTOB B TT0YBE, TAK M OT PACMOI0KCHNUS MPOOHBIX MIOIMAACH.

Knrwouegvie cnosa: 6epesa, bepesa moBUCIast, TSHKEIbIE METAJUIBL, 3arPsA3HEHNE OKPYKAIOMIEH
CpeJibl, TTI0YBa, JINCTHS, KOIPQPUIIMEHT OHMOIOTHIECKOTO MOMIOMIEHHUS, MTApKH MOCKBEI
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Introduction

Currently, the environmental situation in the urban environment of Moscow is
an urgent problem, especially taking into account the active urban planning policy.
Moscow is one of the most actively developing megapolises; the city’s road network
and rail transport are developing at a rapid pace and manufacturing enterprises are
operating, which in turn affects the city’s ecosystem. Environmental monitoring
of urban plantations is an important basis for analyzing the conditions of urban
areas and further planning corrective actions. Plants, being sensitive biological
objects, accumulate pollutants. Heavy metals represent a significant proportion of
anthropogenic pollutants [3]. In this regard, there is a need to study the accumulation
of heavy metals by plants growing in urban plantations. Of great importance for
the ecological state of Moscow are the Losiny Ostrov National Park (hereinafter —
the Losiny Ostrov), which occupies a large area and is surrounded by man-made
features, the N.V. Tsitsin Main Botanical Garden of the Russian Academy of Sciences
(hereinafter — the MBG), the Kolomenskoye Museum-Reserve (hereinafter —
Kolomenskoye), which are recreational facilities popular with citizens, therefore it
is advisable to study the influence of man-made chemical elements on them. Silver
birch Betula pendula Roth. (hereinafter — birch) has been chosen for the research
as a species ubiquitous in Moscow plantations, exhibits resistance to negative
environmental factors, and has a high dust- and gas-trapping capacity [17].

The aim of the research has been to study the content of heavy metals in the
soil and silver birch leaves in the territories of the Losiny Ostrov, the MBG and
Kolomenskoye.

Research Objects and Methods

To determine the content of heavy metals in the Losiny Ostrov, sample areas
have been laid on 4 permanent sample plots (hereinafter — PSPs 1, 2, 3 and 4).
The choice of sampling points is determined by the functional zoning of the territory,
anthropogenic load, as well as the expected influence of technogenic facilities.

PSP 1 is located in a recreational area within the city and is adjacent to the
highway. PSP 2 is a recreational area and the most visited peripheral part of the
national park. PSP 3 is a recreational area bordering the Moscow Automobile Ring
Road. PSP 4 is a protected area, located in the regional part of the national park.
Therefore, the distribution of heavy metals at sampling points located in protected
and recreational areas, as well as in close proximity to highways, is given depending
on the location of the sample plots.

On the territory of Kolomenskoye, samples have been taken at the following
sample areas: from the Moscow Polymetal Plant Side (PSP 5), from Prospekt
Andropova side (PSP 6), at the intersection of Prospekt Andropova and Kashirskoye
Highway (PSP 7) and in the center of the park (PSP 8). Thus, the territories with
strong and weak anthropogenic impact have been surveyed.
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In the MBG, samples have been taken from 3 points, — in the arboretum
(PSP 9), in a natural forest area (PSP 10) and from an area adjacent to the territory of
VDNKh (the Exhibition of Achievements of National Economy) (PSP 11). Such an
arrangement of material collection points made it possible to estimate the load on the
MBG in different functional areas and with different recreational loads.

Each sample group of plant sample (leaves) for each species under study has
been made point by point and has included 50—100 leaves selected from 5-10 in-
dividual trees. The material has been collected after the leaf growth has stopped.
The leaf blades have been collected from the lower part of the tree crown from the
maximum number of available branches evenly around the tree. The leaves have been
picked only from the shortened shoots [20]. Along with the collection of plant mate-
rial, soil samples have been taken in accordance with GOST R 58595-2019 “Soils.
Sampling”. The soil samples have been taken at the tree growing points using a reed
soil auger, providing a sampling depth of at least 25 cm for an individual sample.

Agrochemical analyzes have been carried out at an accredited test laboratory
of the Federal State Budgetary Institution State Center for Automatic State Center for
Agrochemical Service “Moskovsky”.

The leaf samples have been tested for the content of heavy metals (copper,
lead, cadmium, nickel and zinc). The soil has been tested for the basic agrochemical
indicators (pH, hydrolytic acidity, phosphorus, potassium, ammonium nitrogen,
organic matter) and heavy metals.

The soil pH has been determined in a salt extract of 1n. KCl in compliance
with GOST 2648385 “Soils. Preparation of Salt Extract and Determination of its pH
by CINAO Method”; the soil hydrolytic acidity has been determined using Kappen
method in compliance with GOST 26212-91 “Determination of Hydrolytic Acidity
by Kappen Method Modified by CINAO”. The measurements have been carried out
on a Seven Compact S220 pH meter/ionomer.

The determination of mobile phosphorus and potassium compounds by
Kirsanov method modified by CINAO (GOST R 54650-2011) has been carried out
using the KFK-3-01-ZOMZ spectrophotometer and the AAS-30 atomic absorption
spectrophotometer.

The analysis of the quantitative content of ammonium nitrogen in the soil
has been carried out using the photometric method according to GOST 26489-85
“Soils. Determination of Exchangeable Ammonium by CINAO Method” using the
KFK-3-01-ZOMZ spectrophotometer.

The content of organic matter in the soil has been determined by Tyurin meth-
od according to GOST 26213-91 “Soils. Methods for Determination of Organic Mat-
ter” using the KFK-3-01-ZOMZ spectrophotometer.

To determine the content of heavy metals, dry ashing of leaf samples has been
carried out in a muffle furnace with a stepwise temperature increase to 450 °C. Then
the ash has been dissolved with a mixture of 10 % hydrochloric and 5 % nitric acids,
transferred into 50 ml test tubes and brought to the mark with bidistilled water. The
extracts obtained from the leaves have been analyzed on the “Shimadzu” AA-7000
atomic absorption spectrophotometer in accordance with the Guidelines for the De-
termination of Heavy Metals in Soils of Farmland and Crop Products [9]. Soil sam-
ples have been analyzed for heavy metals in accordance with ERD F 16.1:2.2:2.3:3.
36-2002 “The Measurement Methodology of Gross Content of Cadmium, Cobalt,
Manganese, Copper, Nickel, Lead, Chromium and Zinc in Soils, Sediments, Sewage
Sludge and Waste by the Method of Flame Atomic Absorption Spectrometry”.
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All the analyzes have been carried out in triplicate, and the results have been
statistically processed using the analysis package in MS Excel.

The data obtained as a result of analyzes of soil concentrations has been
compared with the value of the maximum permissible concentration (hereinafter —
MPC) of gross forms [14]. For plants, MPCs according to Prochorova [19] have been
applied. The calculation of the biological absorption coefficient (hereinafter — BAC),
which is the ratio of the content of an element in a plant to the content of an element
in the soil, has also been carried out [11]. With the BAC value has been about one and
above, the plant has been considered as an element concentrator; if the value has been
an order of magnitude higher, it has been considered a superconcentrator.

The method of statistical data processing [7] has been used in the work.

Results and Discussion

In order to study the general agrochemical state of soil conditions (basic soil
indicators) of the objects of study, an analysis of agropedological conditions has been
carried out first, the results of which are shown in the table below.

Due to the large volume of research, the experimental data have been grouped
according to the fundamentals of statistical theory. Indicators that are close in value
have been integrated into different groups.

The Basic Agrochemical Soil Indicators

Ne Hydrolytic
Object group Eﬁ tI:CIEI’ acidity,
p mmol/100 g

NH,, PO K,0, Organic

275

mg/kg mg/kg mg/kg matter, %

1 4.4+0.2 | 5.25+0.63 | 3.2+0.48 316 | 258+39 | 4.15+0.62
2 3.940.2 | 7.59+0.91 | 4.8+0.72 30+6 96+14 | 6.07+0.61

The Losiny 3 4.0£0.2 | 6.97+0.84 | 8.9+1.34 15+5 7615 | 3.15+0.47
4

Ostrov
5.5+£0.2 | 1.90+0.23 | 5.9+0.89 1545 11617 | 3.40+0.51

Mean
value

5 4.4+0.2 | 3.40£0.41 | 6.3£0.95 | 66+13 | 140+21 | 2.02+0.40

4.5 543 5.7 23 137 4.19

6 | 45402 | 5.25:0.63 | 6.140.92 | 4148 | 112417 | 3.0120.45

The “Kolo-

menskoye” | 7 | 43£02 | 448+0.54 | 83+1.25 | 96+19 | 147+22 | 4.10:0.62

Muse-

umResorve | 8| 5702 [ 2.16£0.26 | 1012101 | 38+8 | 908136 | 3.280.49
Mean |4 5 3.82 7.7 60 327 3.10
value

9 5.7+0.2 | 2.21+0.27 | 5.9+0.89 | 139+£28 | 71£14 | 4.70+0.71

The
NV Tsitsin | 10 | 5.740.2 | 1.74£0.21 | 6.4£0.96 | 210+42 | 79+16 | 2.72+0.54
Main 11 5.540.2 | 1.98+0.24 | 6.2+0.93 | 63+13 | 125419 | 2.56+0.51
Botanical

Garden Mean

5.6 1.98 6.2 137 92 3.33
value
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According to the data in the table, the soil in the Losiny Ostrov is predominantly
strongly acid. At PSP 4 it is neutral.

In Kolomenskoye, the soils are strongly and moderately acidic, as well as close
to neutral.

In the MBG the soils are close to neutral. The mass fraction of exchangeable
ammonium in the studied soils is in the average range for sod-podzolic soils. The
provision of soils with mobile phosphorus and exchangeable potassium in the studied
sites is extremely uneven [5].

Low phosphorus content has been found in the Losiny Ostrov, medium — in the
MBG, low and medium — in Kolomenskoye.

A very high provision of soils with exchangeable potassium has been found in
PSP 1 and PSP 8, an increased provision — in PSPs 5, 7 and 11; medium — in PSPs
2, 4, 6 and 10, low content has been recorded in PSPs 3, 9 and 10. According to
the content of organic matter in the upper soil horizon, it has been revealed that the
studied samples have medium and high humus content.

In the course of the study on the PSPs, data on the content of heavy metals in
the soil have also been obtained. However, to calculate the BAC, which characterizes
the degree of the element accumulation, it has become necessary to identify heavy
metals in birch leaves (Fig. 1-5).
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Fig. 1. The copper content in the soil (a) and birch leaves (b)
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Copper is an important element involved in the plant physiological and
biochemical processes. The optimal amount of copper in the soil is considered to be
5-20 mg/kg. A sufficient amount of copper in the soil increases the photosynthesis
intensity, promotes plant disease resistance and increases drought and frost resistance.
High concentrations of copper are toxic to plants, which manifests itself in the form
of slow growth, browning and leaf death. Fig. 1 shows that the mass concentration of
copper both in the soil and birch leaves in all the sample plots under study is within
the MPC norm. The highest values have been recorded in Kolomenskoye and in the
MBG; the lowest copper content in the soil has been recorded in the protected area
of the Losiny Ostrov. In all the sample plots, the coefficient of biological absorption
of copper is less than 1, which means that birch is not a concentrator of this metal.
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Fig. 2. The lead content in the soil (a) and birch leaves (b)

Lead is a highly toxic heavy metal and belongs to the class of substances
highly hazardous to living organism (GOST 17.4.1.02-83 «Nature Protection.
Soils. Classification of Chemicals for Pollution Control»). High concentrations of
lead in plants are typical for technogenic territories, areas with high anthropogenic
load and near industrial enterprises. The increased lead content in plants inhibits
photosynthesis and respiration. Visually, an excess of lead is manifested by the
intense dark green color of the leaves, their rolling and death. As can be seen in
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Fig. 2a, the lead content in the studied soil is below the MPC. At the same time, the
results obtained for the lead concentration in the leaves (Fig. 2b) on all sample plots
significantly exceed the inspection standard. An exception is the trial plot located in
the recreational area of the Losiny Ostrov. The highest value has been detected in birch
leaves in Kolomenskoye at PSP 5; it exceeds the MPC by 8 times. Presumably, such
a severe lead contamination can be explained by the close proximity of the sample
plot to several technogenic facilities: the Moscow Polymetal Plant, the Research
Institute of Chemical Technology, the Dukhov Automatics Research Institute and the
Kuryanovsky Sewage Treatment Plant on the opposite bank of the Moscow River.
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Fig. 3. The cadmium content in the soil (@) and birch leaves (b)

Cadmium is an element that does not have a positive biological effect on
plants; however, there is evidence that it specifically promotes the synthesis of certain
amino acids [12]. Cadmium, like lead, is a highly toxic heavy metal; its increased
content has negative consequences for plant organisms. This element interferes with
normal metabolism, disrupts the processes of carbon dioxide fixation and transpiration,
and inhibits photosynthesis. Signs of the cadmium toxic effect are damage to the root
system, slowdown in plant growth and development, change in leaf color to red-brown
and chlorosis [13]. According to the results of our analyzes (Fig. 3a, b), cadmium in
the soil is within the MPC, its average values are 2-3 times lower than the MPC,
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which indicates a slight intake of cadmium into the soil from the atmosphere. In the
birch leaves, the value of cadmium concentration at the MPC boundary has been
recorded at PSP 5; the reason for accumulation, in our opinion, is the cluster of
technogenic facilities near this sample plot. The BAC value at PSP 7 is 0.94, which
indicates the concentration of cadmium by birch.
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Fig. 4. The nickel content in the soil («) and birch leaves (b)

At present, nickel in small concentrations is considered an essential
microelement for plants, but its biological and agricultural value has been little
studied [18]. To date, there is no data in the literature on the negative impact of nickel
deficiency on plants, however, a number of experiments have revealed a positive
effect of nickel application to soils on the yield of some agricultural crops [1, 15].
An excess of nickel in plants causes suppression of photosynthesis and transpiration
processes, as well as the appearance of signs of leaf chlorosis, and deformation of
plant organs [4, 6]. In the soil samples we have tested, the nickel content has turned
out to be low (Fig. 4a). The maximum nickel concentrations in birch leaves (Fig. 4b)
have been found in the sample plots in Kolomenskoye, which once again indicates a
strong anthropogenic impact on the site. The BAC at PSP 7 is 1.25, which means that
nickel is concentrated by birch in this area.
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Fig. 5. The zinc content in the soil () and birch leaves (b)

Zinc is a toxic heavy metal, but unlike lead and cadmium, it is an important
element for plant nutrition [2]. The physiological role of zinc is the activation of
many enzymatic reactions. A high zinc concentration in the soil leads to slower
growth and reduces fruiting of plants. Typical signs of zinc excess are leaf chlorosis
and a slow plant growth. It has been established that the death of sensitive species
of terrestrial plants can be observed at zinc concentrations in the soil of more
than 100 mg/kg. Meanwhile, the symptoms of toxicity appear when this metal
accumulates at concentrations of 100-300 mg/kg of dry weight, which depends
on the plant species and genotype, as well as soil characteristics [16]. In the
sample plots we have studied, excesses of the MPC of zinc in the soil have found
(Fig. 5a) in Kolomenskoye and in the MBG. Increased concentrations of zinc
have also been found in birch leaves (Fig. 5b). Based on the data obtained, the
BAC has been calculated, which has shown that birch trees at PSPs 2, 4, 10
and 11 exhibit concentration, and at PSPs 3, 5, 6 and 7 — overconcentration of zinc.
The concentration of zinc in birch has been repeatedly noted by various researchers
[8, 10, 11] and has been confirmed in our work.
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Conclusion

Based on the results of the study of the soils and birch leaves in the Losiny
Ostrov, the MBG and Kolomenskoye, a number of conclusions can be drawn regarding
the ecological state of these natural objects. Concentrations of heavy metals in the
soils of the studied plantations do not exceed the MPC level. The exception is zinc;
its amount in some sample plots has been increased several times. However, it is the
least toxic of all the heavy metals presented in the study.

The birch leaves have shown an uneven accumulation of heavy metals,
depending on both the concentrations of elements in the soil and the location of the
sample plots. In the leaves, the content of copper and cadmium is within the standards
for all the sample plots laid.

It is significant that the excess of the MPC of lead in the leaves has been
found in all the sample plots, which indicates a significant impact of technogenic
facilities. The content of nickel in leaves does not exceed the MPC in any sample
plot. Therefore, its impact on the environmental situation under these conditions is
minimal.

The MPC of zinc in leaves is exceeded in Kolomenskoye. The data obtained has
shown the need to continue studying the content of heavy metals in urban plantations
experiencing a complex anthropogenic load.
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