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Abstract. The research results presented in this article were obtained during the expedition
to the Curonian Spit in the spring of 2024 as part of the final of the All-Russian Championship
“Limitless Expeditions” of the All-Russian public and State Movement of Children and Youth
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“Movement of the First” in specially protected areas of the Russian Federation in 2023. A re-
search group of students, who had previously successfully implemented the testing of tech-
niques in the Stavropol Territory, conducted geoecological soil studies in the Curonian Spit
National Park, laying a geochemical transect from the Curonian Lagoon to the Baltic Sea coast.
The data obtained made it possible to clarify the current geoecological state of some types of
soils common in the territory of the Curonian Spit National Park, as well as to identify criteria
for the physico-chemical state of soils related to modern anthropogenic impact. In general, the
values of the majority of the studied parameters indicate the ecological well-being of the
research area, which confirms the effectiveness of the implemented measures aimed at its
conservation.

Keywords: soil ecology, soil geochemistry, granulometric composition of soils, marine
pulverization, specially protected natural areas, Baltic Sea, ecological status
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Anunoranus. [IpencraBieHnsie pe3ynbTaThl UCCIEI0BAHUN TOTYyUYEHBI B IIEPUO TIPOBE-
neHus skcnenuiuu Ha Kypiickod koce BecHo#t 2024 1. B pamkax ¢uHana Beepoccuiickoro
yemmnuoHara «besrpanndnsle skcneaunumy OOmepoccuiickoro 00IecTBCHHO-TOCYIapCTBEH-
HOTO JABMKCHUS ICTeH U MOJIOAEKHU «/|BMKEHHE IEPBHIX» HAa 0C000 OXPaHSIEMBIX TEPPUTOPHSIX
Poccuiickoii deneparun 3a 2023 1. MccnenoBarenbekas Tpymna o0ydaronmxcs, paHee ycre-
HO peajM30BaBIIas anmpodanuio METOAUK Ha Tepputopuu CTaBpOMOILCKOTO Kpasi, IPOBEJIa re-
09KOJIOTHYECKHE MOYBEHHBIE MCCIENOBaHUs Ha TeppuTopuu HarmonaneHoro napka «Kypu-
CKasi Koca», 3aJOKHUB T€OXMMHYECKYI0 TpaHcekTy oT Kypuickoro 3anmBa 10 TOOepexbs
BanTuiickoro mopsi. [loiydeHHble TaHHBIE TTO3BOJIMIM YTOYHUTH COBPEMEHHOE T€03KOJIOrHYe-
CKO€ COCTOSIHUE HEKOTOPBIX TUIIOB MOYB, PACIPOCTPAHEHHBIX Ha TeppuTopur HanmoHnaibHOTO
napka «Kyprickas koca», a TaKKe BELSIBHTh KPUTSPHH (DU3UKO-XHMUIECKOTO COCTOSHUSI ITOYB,
HUMEIOIINX CBS3b C COBPEMEHHBIM aHTPOIIOTCHHBIM BO3ACHCTBHEM. B 11e710M 3HaueHHsT 00IIh-
IIMHCTBA WCCIEIOBAHHBIX MapaMETPOB CBUICTEIBCTBYIOT 00 IKOJOTMICCKOM OIaroTOITydiH
TEPPUTOPHUHN HCCIICIOBAHUM, YTO IMOATBEPKAACT FPPEKTUBHOCTD PEaTH3yeMbIX Mep, HaIpaB-
JICHHBIX Ha €€ COXpaHCHHE.
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KuroueBble cjioBa: 5KOIOTHS TIOYB, TEOXUMUS TI0YB, IPAaHYJIOMETPUUECKUNA COCTAB MOYB,
MOpCKasi UMITyJbBepu3anus, 0co0o oxpansemsle npupoansie Teppuropuu (OOIIT), bantuii-
CKOE MOp€, DKOJIOTHIECKOE COCTOSTHHE

Bruan aBTopoB. Jlebedes A.0. — meromonorus, GOpMaIbHBIA aHANN3, BepU(UKAIINSI
JIAHHBIX, TIpOBeZieHue uccnenaoBanus. Kapnuuenko A.A. — meroponorus. fOpmanos A.A. —
KOHILICNITYaJIN3allnsl UCCIIeIoOBaHus, onpeaeneHue oonactu uccnenoBanus. Koxkopurna H.C. —
KOHLIENTyaJIM3alusl UCCIEN0BaHUs, aAMUHUCTPUPOBaHUE NaHHbIX. Jley M.H. — aaMuHu-
CTPUPOBAHNE TaHHBIX, BepU(UKays JaHHBIX. [ aa306 B.JI. — aqIMUHUCTPUPOBaHNE JAHHBIX,
Bepu(UKaLUs AaHHBIX. Jlebedesa-I eopeuesckas A.A. — mporpammHoe obecrnieueHue, ¢Gop-
MaJIbHbIN aHanu3. Monodvix K.B. — npoBenenue uccienopanus. Pozaueg A.A. — npoBeneHue
uccienoBanus. Maxmyoos M. P. — nipoBeicHue UCCIIeNOBaHUS U BepuUpUKaius NaHHbIX. Cobo-
nes H.P. — nipoBenieHue uccienoBanust.  ueonoe A.I'. — npoBeneHne uccienoBanus. Hekpa-
co6 B.M. — nipoBeieHue ucciieoBanus. Bacunrenxo 3.A. — npoBeneHue uccienoBanus. Bee
aBTOPHI O3HAKOMJICHBI C OKOHUATEIEHON BEPCHEH CTaThi M OMOOPHIIH €e.

dunancupoBanue. Padora mojnepkana [IporpaMmoii cTpaTernyeckoro akaaeMHuecKo-
ro yunepctBa PYJIH.

BaarogapHocTH. ABTOpBI BEIpaXKaloT O1arofapHOCTh coTpynHUKaM HarroransHoTO map-
ka «Kypuickas xoca» B nuue nupexkropa A.A. Kanunbl, HauajabHUKA OTAEIA YKOJIOTHUYECKOTO
npocselieHus: U Typusma Esrenun BacunbeBHe KanamHMKOBOH, a Takke COTPYIHUKAM HH-
CIIEKTOPCKOIO COCTaBa MapKa 3a MPeJOoCTaBICHHYI0 BO3MOKHOCTb IPOBEIECHHS UCCIEJOBAaHUI
1 YyTKO€ COIIPOBOXK/IEHUE Ha IIPOTSKEHUH [I0JIEBOT0 JTala UCCIIe0BaHUI. ABTOPBI BBIPAKAIOT
671aroTapHOCTh OPraHU3aTOPaM UCCIEA0BAHUIN U PyKOBOACTBY OOIIEpOCCHICKOrO 00IECTBEH-
HO-TOCY/IapCTBEHHOT'O JIBIDKEHHS JIeTel U MOJIOZICKH «/{BIDKeHHe MepBhIX», B ocoderHocTn Co-
BetHUKY [Ipencenarens IIpasnenns T.®. Caduny, pykoBomurento [IUpeKIy paBHBIX BO3MOXK-
Hoctelt O.C. T'unbMmeranHOBOH, a Takke M.A. boxenosoit u M.O. Mepkau, A.I. Kpusoii,
P.C. Kabanoro#i, C.I. CnmuykoBoii, T.A. BaperaukoBy, A.A. Cenesnery, C.}0. MonuaHoBy,
M.P. Crynunoi, E.E. ®enunoit, JI.B. Mononeix, C.P. Enkunoii, A.B. beikoBcKoi — 3a akTHBHOE
y4acTUe U MEJUUHOE COIIPOBOXKIECHNE B IIEPUOJ] IIOJIEBBIX HUCCIICNOBAHUIM.

Hcropus crarbu: noctynuia B penakuuto 28.10.2025; nopaboTrana mocie pereH3npopa-
Hust 14.11.2025; npunsra k myonukanuu 02.12.2025.

3asiBienne 0 KOHQINKTE HHTEPeCOB. ABTOPHI 3asBIIIOT 00 OTCYTCTBUHU KOH(IUKTA UH-
TEPECOB.

das uurupoBanus: Jlebeoes A.0., Kapnuuenxo A.A., FOpmarnos A.A., Koxopuna H.C.,
Jley M.H., I'aazos B.JI., Jlebeoesa-Ieopeuesckas A.Al., Monoowix K.B., Poeaues A.A., Maxmy-
006 M.P., Cobones H.P, l'uconos A.I', Hexpacoe B.M., Bacunenxo 3.A. DKOJIOTO-reOXUMHYEC-
CKO€ COCTOSIHME TIOYB IIEHTPAJbHON YacTH moiryocTpoBa Kyprmickas koca, KanuHuHTpaackas
oOnactb, Poccuiickas @enepauus // Bectauk Poccuiickoro yHuBepcuTeTa ApyKObl HApOIOB.
Cepusi: Dxomorusi U 6e3omacHOCTh xu3HeaesTenbHocTH. 2026. T. 34. Ne 1. C. 84—111. http:/
doi.org/10.22363/2313-2310-2026-34-1-84-111 EDN: YDYDYO

Introduction

The Curonian Spit National Park is a peninsular natural and anthropogenic sys-
tem of the southeastern Baltic Sea, located in Eastern Europe, and has the status of
a specially protected natural area (SPNA) of federal significance and the only Na-
tional Park in the Kaliningrad Region. The Curonian Spit is included in the list
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of UNESCO World Heritage Sites and combines various landscapes and ecosys-
tems [1].

The climate of the Curonian Spit is temperate, transitional from marine to con-
tinental, and is formed under the influence of air masses from the Baltic Sea and the
mainland. Winters are mild, summers are moderately warm, and the weather is
characterized by significant variability. The greatest amount of precipitation falls in
the summer and autumn period. The Curonian Spit is characterized by constantly
blowing winds, hurricanes occur several times a year. Stable ice cover is typical for
the waters of the Curonian Lagoon; on the Baltic Sea coast, ice cover is short-lived
or does not form at all.

The Curonian Spit has a moraine (glacial) origin and inclusions in the form of
fragments of rocks of various genesis brought with the glacier. Traces of different
geological epochs were brought by the glacier (for example, granites, gneisses,
sandstones, as well as fossils of sponges and belaemenites of Cretaceous (K) age).
The body of the spit consists of sand covered with a thin (several centimeters thick)
vegetation layer, which has been forming for many decades. The spit is a narrow
strip of land separating the Curonian Lagoon from the Baltic Sea. The length of the
National Park is 98 km and the width is from 0.8 to 3.8 km [2]. Unique dune com-
plexes are located on the territory of the Spit — a continuous strip of white sand
dunes 0.3 — 1 km wide and up to 67 m high.

About 72% of the spit’s territory is occupied by forests. Almost all forests are
of artificial origin. The territory of the Curonian Spit National Park is characterized
by a significant species richness of flora: 884 species, hybrids, varieties and forms
of higher plants from 397 genera and 111 families are recorded on it. Gymnosperms
are represented by 11 species (including 6 species of introduced plants); spore —
19; monocotyledons — 187; dicotyledons — 556. The adventitious component of
the flora consists of 91 species (including 7 invasive ones). Plants rare in the Kalin-
ingrad Region and listed in the regional Red Book and the lists of the Red Book of
Russia (2005) are represented by 109 species [2]. The fauna includes 296 species of
terrestrial vertebrates.

Pine forests make up more than half of the forest area of the Kurshka Spit, de-
ciduous forests are represented by birch and alder trees with an admixture of aspen.
There are also forests of oak, linden, hornbeam. Birch forests with an admixture of
alder occupy the second place after pine forests, they often have a natural origin.
Rare species of orchids can be seen in the meadows (palm trees): a real slipper, a
dormouse. The vegetation of the Curonian Spit can be divided into three main
groups: non-forest (meadow, marsh, dune), forest and synanthropic. Each of the
groups represents an important landscape and biotopic significance for the ecosys-
tem diversity of the territory of the Curonian Spit National Park [2].

The research results presented in this article were obtained during the expedi-
tion to the Curonian Spit in the spring of 2024 as part of the final of the All-Russian
Championship “Limitless Expeditions” of the All-Russian public and State Move-
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ment of Children and Youth “Movement of the First” in specially protected areas of
the Russian Federation in 2023.

For our research, we selected an area developing under forest vegetation as the
most stable ecosystem, the formation of which took a considerable time without or
after human economic intervention. The purpose of this study was to clarify the
current ecological and geochemical state of the soils of the natural and anthropogenic
ecosystems of the Curonian Spit, which required solving a number of tasks, such as
laying a soil transect (catena) through the body of the sand spit, followed by
laboratory physico-chemical studies of soil samples and analysis of the results
obtained. The study of physical properties involved determining the mechanical
composition of soils to identify artifacts in the accumulation of multi-dimensional
particles, while the study of the chemical composition of soils consisted in clarifying
the concentration of toxic elements (heavy metals) in relation to their approximate
permissible (APC) and maximum permissible concentrations (MPC) in soils.

Aims

The purpose of the research on the Curonian Spit is to assess the geoecological
state of the soil cover of the natural and anthropogenic territory.

The objectives of the study were defined as the selection of typical ecotopes,
the formation of a soil catena, and the conduct of physico-chemical studies of the
collected samples.

The results of the study should create an opportunity for monitoring and
forecasting changes in the conditional reference territory in terms of the continuum-
temporal transformation of the climate.

Methods

A research group of students, who had previously successfully implemented the
testing of techniques in the Stavropol Territory, conducted geoecological soil stud-
ies in the Curonian Spit National Park, laying a geochemical transect from the Cu-
ronian Lagoon to the Baltic Sea coast.

The impact on natural complexes during the research was limited to a point
intervention with a violation of the soil and vegetation layer in the amount of 4 soil
sections. At the end of the research, all completed soil sections were preserved (by
backfilling) with the re-laying of the soil and vegetation layer. Soil ecological and
geochemical studies without local disturbance of the soil and vegetation layer are
not possible. The research area and the location of the soil sections are shown in a
fragment of the Google Earth satellite image (Figure 1). The sequential laying of
soil sections made it possible to cover the most typical biotopes in the research area
and perform a geochemical transect across the Curonian Spit. It should be noted
that no geochemically subordinate landscapes have been identified within the
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framework of the transect, due to the rugged and slightly hilly terrain. Each soil
section and the results of chemical studies related to it can be viewed from the per-
spective of automorphic (autonomous) landscape conditions.

% an in /
)
Image © 2024 rend

Image © zozA/c;dis / Airbus

Google Earth

Figure 1. Research area and points of soil sections in NP “Curonian Spit”. Scale 1:20000
Source: compiled by Y.O. Lebedev based on Google Earth.

The research program included:

— field soil studies — laying of a soil catena (coordinates of the points are
shown in Table 1);

— description of soil sections;

— fixation of the physical properties of the soil (temperature of soil horizons,
native humidity, addition, etc.);

— sampling and subsequent sample preparation;

— study of physico-chemical parameters: granulometric (mechanical) composi-
tion, chemical composition of 27 elements.

Table 1. Coordinates of the points of the studied soil sections

No. The WGS-84 coordinate system
Latitude Longitude
SE-1 55°10.854’ 20°52.185’
SE-2 55°11.016’ 20°51.664°
SE-3 55°11.129’ 20°51.432
SE-4 55°11.222’ 20° 50.875’

Source: compiled by Y.O. Lebedev.

The sieve analysis of soil samples was carried out in accordance with the
interstate standard GOST 12536-2014." The fraction distribution schedules were
executed in the Excel program.

' GOST 12536-2014. Soils. Methods of Laboratory Determination of Granulometric (Grain) and
Microaggregate Composition. Moscow: Standartinform, 2016. (In Russ.)
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The chemical analysis was carried out at the accredited research center
IC MGULAB (certificate of accreditation RA.RU.210M11 dated 11/25/2021).
The samples were analyzed on the NPP-ISP instrument in accordance with
GOSTR 57165-2016 (ISO 11885:2007)* with a five-fold repetition of the definitions
and automatic calculation of the confidence interval of the values based on the
standard error of the average. The total content of the following elements was
determined in the soil samples: Al, Ba, Ve, B, V, Fe, Cd, K, Ca, Co, Si, Li, Mg, Mn,
Cu, Mo, Na, Ni, Pb, Se, Ag, S, Sr, Sb, Ti, P, Cr, Zn, followed by an analysis of the
content of macrobiogenic elements (Ca, K, Mg, Na), heavy metals, as well as toxic
elements. First of all, we were interested in geoecological indicators related to the
content (in gross form) of chemical elements in soils classified into groups 1, 2 and 3
of toxicological hazard (Zn, Pb, Cd, Cr, Cu, Ni, Co, Mn, As) according to hygienic
standards’® for the subsequent assessment of the current geoecological state of the
soil cover within the framework of the established geochemical transect.

Results

The completed soil-geochemical catena stretches from the coast of the Curonian
Lagoon to the coast of the Baltic Sea through biotopes typical of the area. As part
of the study, we tried to establish soil sections in various biotopes in order to try to
identify the specific features of the soil formation process for the territory. The sites
where the soil sections were laid were located at a considerable distance from
anthropogenic-disturbed territories: settlements, roads, ecological trails, thus they
represented the background landscape conditions — as far as it is applicable to the
natural-anthropogenic system of the Curonian Spit.

Point SE-1

The SE-1 point is located in the immediate vicinity of the coast of the Curonian
Lagoon (about 40-50 m) in a pine forest (the pine forest biotope is the predominant
type of forest on the Curonian Spit) with a thick grassy and moss-lichen overground.
The total thickness of the soil section is 49 cm. The groundwater has not been
opened. Soil: sod-slightly podzolic sandy. The morphological description of the soil
section is given in Table 2.

2 GOST R 57165-2016 (ISO 11885:2007). Water. Determination of the Content of Elements by In-
ductively Coupled Plasma Atomic Emission Spectrometry. Moscow: Standartinform, 2018. (In Russ.)

3 Hygienic Standard 2.1.7.2511-09. Approximate Permissible Concentrations (APCs) of Chemicals
in the Soil (for Sandy and Sandy Loam Soils). Moscow: Federal Centre for Hygiene and Epidemiology
of Rospotrebnadzor, 2009 (In Russ.); Resolution No. 1 of the Chief State Sanitary Doctor of the Rus-
sian Federation dated January 23, 2006 “On the Introduction of Hygienic Standards GN 2.1.7.2041-06.”
KonturNormativ. (In Russ.). Available from: https://normativ.kontur.ru/document?moduleld=9&docu-
mentld=299876&ysclid=mkpt70csy5181221664 (accessed: 12.12.2025); Letter of the Ministry of Nat-
ural Resources of the Russian Federation dated December 27, 1993 No. 04-25/61-5678 “On the Proce-
dure for Determining the Amount of Damage Caused by Chemical Pollution of Land.” KonturNormativ.
(In Russ.). Available from: https://normativ.kontur.ru/document?moduleld=8&documentld=6352&ys-
clid=mkptb5qce0581410956 (accessed: 12.12.2025).
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Table 2. Morphological description of a section of turf slightly podzolic sandy soil, Point CAP-1

General view of the biotope

. Soil horizon Description of the horizon
and section
Ad Color (by attachment / Munsell scale):

E k Depth: grey-brown / 10YR 3/3
;: : 0-5/6 cm Humidity: humid
- Capacity: Coloring: uniform
-ﬂ b 5-6cm Mechanical composition: moderate, sandy
! i tC: loam

B 7.8°C Density: loose

: CoIQr: Build: non-sticky, slightly plastic

Inclusions: none

Living phase: abundant grass roots, moss
rhizoids D = 1-2 mm, frequent tree roots

D=0.2-0.3cm

Neoplasms: none

Transition: noticeable in color
Border: wavy

A1/A2

Depth:
5/6-13/16 cm
Capacity:
7-11cm

t°C:
7.5°C
Color:

Color (by attachment / Munsell scale):
brown / 10YR 2/3

Humidity: humid

Coloring: uniform

Mechanical composition: sand
Density: loose

Build: non-sticky, non-plastic
Inclusions: none

Living phase: sparse tree roots
D=0.2-0.8cm

Neoplasms: none

Transition: short

Border: wavy

B Color (by attachment / Munsell scale):
Depth: light ochre /5Y5/4
13/16-38/41 cm | Humidity: fresh
Capacity: Coloring: uniform
22-28 cm Mechanical composition: sand
t°C: Density: compacted
7.3°C Build: slightly sticky, slightly plastic
Color: Living phase: single small tree roots
D=0.2-0.3cm
Inclusions: none
Transition: noticeable in color
Border: wavy, drawn
C Color (by attachment / Munsell scale):
Depth: ochre /7.5Y5/3
38/41-49 cm Humidity: fresh
Visible capacity: | Coloring: uniform
8-11cm Mechanical composition: sand
t°C: Density: dense
7.4°C Build: slightly sticky, plastic
Color: Inclusions: none

Live phase: missing
Neoplasms: none

Source: the photo was taken by Y.O. Lebedev.
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The soil is sandy, up to a depth of 20 cm, humus illuviation is noted, plant roots
are found up to a depth of 40 cm. Slight podzolization to a depth of 13—16 cm was
noted. The moisture content of the profile corresponds to atmospheric moisture and
the washing regime of the soil. The density of horizons increases with depth, corre-
sponding to the natural gravitational compaction. Sieve analysis of the samples
from the SE-1 soil section revealed no differences in the distribution of fractions of
the horizons studied (Figure 2).
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Figure 2. Graph of the distribution of fractions of slightly podzolic sandy soil, point SE-1
Source: compiled by A.Y. Lebedeva-Georgievskaya.

It can be seen from the graph that the distribution of solid phase fractions in all
the studied soil (organo-mineral and mineral) horizons is almost identical, which
may indicate a natural and gradual accumulation of the solid phase of the soil during
its formation. Over 90% of the samples from the three horizons studied are from the
0.25 mm fraction, which is medium sand.

Thus, the fraction prevailing in the studied horizons and the content of clay and
dusty particles make it possible to classify this soil according to its granulometric
(mechanical) composition as sandy sand [3].

Analysis of the chemical composition results indicates a free migration of mac-
robiogenic elements down the soil profile with a low concentration of Ca, Mg and
Na in the mineral horizons (Figure 3). In the A1/A2 horizon, the gross content of
Mg and K decreases, while in the remaining horizons the value for K remains in the
range of 2900-3000 mg/kg.

Analysis of the results of the determination of the content of heavy metals
and toxic chemical elements revealed a slight excess of MPC (maximum permis-
sible concentration) and APC (approximate permissible concentration) for Sg
(6.8 £ 1.4 mg/kg) and As (2.3 + 1.2 mg/kg) in the organogenic horizon of Ad and
for Cr (6.5 + 1.4 mg/kg) in the mineral horizon of C (> 2.0 and > 6.0 mg/kg for
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As and Cr, respectively).* Free (gravitational) migration was noted for a number of
metals studied (Ni, Co, Mn, As), while accumulation in mineral horizons was ob-
served for Zn, Pb, Cr, and Cu, which may indicate the presence of a geochemical
barrier of a physicochemical type. The distribution of the concentration of the stud-
ied elements over the horizons is shown below (Figure 4). Here and further, the
MPC values are given for the elements in accordance with regulatory documents.>*

Point SE-1
3500
3000
2500
2000
1500
o
S 1000
=
500 .
. ] ] [
Ad A1/A2 B C
m Mass fraction (total content) of K Mass fraction (total content) of Ca
= Mass fraction (total content) of Mg Mass fraction (total content) of Na

Figure 3. Graph of the distribution of macrobiogenic elements in the horizons of turf slightly podzolic
sandy soil, point SE-1
Source: compiled by Y.O. Lebedev, A.A. Karpichenka, A.A. lurmanov, N.S. Kokorina, M.N. Letz,
V.L. Gaazov, A.Y. Lebedeva-Georgievskaya, K.V. Molodykh, A.A. Rogachev, M.R. Makhmudov, N.R. Soboley,
A.G. Gigolov, V.M. Nekrasov, Z.A. Vasilenko.

A consistent decrease in the gross Mn content from the organogenic to the
mineral horizon was noted. The ecological and geochemical state of the slightly
podzolic sandy sod soil (SE-1 point) can be assessed as favorable with minor single
Cr and As exceedances in the Ad and C horizons.

* Hygienic Standard 2.1.7.2511-09 “Approximate Permissible Concentrations (APCs) of Chemicals
in the Soil” (for Sandy and Sandy Loam Soils). Moscow : Federal Center for Hygiene and Epidemiology
of Rospotrebnadzor; 2009. (In Russ.); Resolution Ne 1 of the Chief State Sanitary Doctor of the Russian
Federation dated January 23, 2006 “On the Introduction of Hygienic Standards GN 2.1.7.2041-06.” Kon-
turNotmativ (In Russ.). Available from: https://normativ.kontur.ru/document?moduleld=9&documen-
t1d=299876&ysclid=mkpt70csy5181221664 (accessed: 12.12.2025).

5 Hygienic Standard 2.1.7.2511-09. Approximate Permissible Concentrations (APCs) of Chemicals
in the Soil (for Sandy and Sandy Loam Soils). Moscow : Federal Center for Hygiene and Epidemiology
of Rospotrebnadzor; 2009 (In Russ.).

¢ Resolution No. 1 of the Chief State Sanitary Doctor of the Russian Federation dated January
23, 2006 “On the Introduction of Hygienic Standards GN 2.1.7.2041-06.” KonturNormativ. (In Russ.).
Available  from: https://normativ.kontur.ru/document?moduleld=9&documentld=299876&ysclid=m-
kpt70csy5181221664 (accessed: 12.12.2025).
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Figure 4. Distribution of the content of elements of toxic metals in the horizons of turf slightly
podzolic sandy soil, point SE-1

Source: compiled by Y.O. Lebedev, A.A. Karpichenka, A.A. lurmanov, N.S. Kokorina, M.N. Letz,
V.L. Gaazov, A.Y. Lebedeva-Georgievskaya, K.V. Molodykh, A.A. Rogachev, M.R. Makhmudov, N.R. Soboleyv,
A.G. Gigolov, V.M. Nekrasov, Z.A. Vasilenko.

Point SE-2

The SE-2 point is located on the border of a pine forest that turns into a mixed
forest (birch, aspen, spruce) with a predominance of birch. The total capacity of the
soil section is 63 cm. The groundwater was opened at a depth of 60 cm. Soil: peaty-
gley slightly saline sandy. The morphological description of the soil section is given
in Table 3.

The graph (Figure 5) shows that the distribution of solid phase fractions in the
studied soil horizons is different. While the fractional distribution in the orga-
no-mineral A1/A2 and mineral horizons turned out to be completely identical, a
diverse fractional composition is observed in the organogenic horizon, which may
indicate an unnatural accumulation of the solid phase of the soil during its forma-
tion and a connection with past anthropogenic activity. In the organo-mineral and
mineral horizons, 90% of the samples are from the 0.25 mm fraction of medium sand.
In the organogenic horizon of Ad, the distribution is different — 40% of the sample
belongs to fractions of 0.25 and 0.5 mm — medium and coarse sand, respectively. In
general, according to the fractions (medium sand) prevailing in the studied horizons
and the content of clay and powdery particles, this soil was classified by us as sandy
sand according to its granulometric (mechanical) composition [3].

An analysis of the results of the chemical composition determination indicates
the migration of macrobiogenic elements down the soil profile with a peak increase
in Ca concentration (4100 = 1200 mg/kg) in the organogenic horizon of Ad
(Figure 6) and a subsequent decrease to the mineral horizons. The increased calcium
content may be due to biological uptake and deciduous fall of trees growing in the
area of the SE-2 point. A low K content (<1800 mg/kg) was noted, and the Mg
content of the Bg mineral horizon decreased.

The soil is sandy with a powerful detached organogenic horizon Ad (16-18 cm),
humus illuviation (along the roots) is noted to a depth of 22-25 cm, plant roots are
found throughout the depth of the profile. Weak podzolization was noted at a depth
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of 18-25 cm. The humidity of the profile corresponds to atmospheric moisture,
the washing regime of the soil and the proximity of groundwater. The density of
horizons increases slightly with depth, corresponding to natural gravitational
compaction. The sieve analysis of the samples of the SE-2 soil section made it
possible to clarify the features of the distribution of fractions of the studied hori-

zons (Figure 5).

Table 3. Morphological description of the section of peat-gley slightly saline soil,

Point SE-2
General view of t_he biotope Soil horizon Description of the horizon
and section
Ad Color (by attachment / Munsell scale):
Depth: brown / 7.5YR 3/4
0-16cm Humidity: humid
Capacity: Coloring: uniform
16 cm Mechanical composition: bleached mule
t°C: Density: loose
7.5°C Build: non-sticky, plastic
Color: Inclusions: none

Living phase: thin, abundant grass roots

D < 1 mm, frequent tree roots D= 1-1.5cm
Neoplasms: none

Transition: clear

Border: slightly wavy

A1/A2 Color (by attachment / Munsell scale):
Depth: light brown / 7.5YR 4/4
16-22/25 cm Humidity: humid
Capacity: Coloring: uniform
6-9cm Mechanical composition: sand
t°C: Density: loose
6.7°C Build: slightly sticky, plastic
Color Inclusions: none
Living phase: sparse tree roots
D=2-2.5cm
Neoplasms: none
Transition: gradual
Border: uneven
Bg Color (by attachment / Munsell scale):
Depth: light brown / 7.5YR 4/6
25-63 cm Humidity: humid
Visible capacity: | Coloring: heterogeneous, with spots of
38cm neoplasms
t°C: 6.8°C Mechanical composition: sand
Color: Density: compacted

Build: sticky, plastic

Inclusions: none

The living phase: single tree roots
Neoplasms: rare spots of calcification,
ochreous spots and blemishes

Source: the photo was taken by Y.O. Lebedev.

The analysis of the results of the determination of the heavy metal content
revealed some features of the studied soil. Thus, the organogenic horizon of Ad
has the highest concentrations (among the examined samples) for Zn, Cu, and Ni.
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For Cr chromium, a slight excess ( > 6.0 mg/kg) of MPC and APC’ of
7.0 £ 1.4 mg/kg was noted in the A1/A2 organo-mineral horizon, as well as the
highest concentrations (among the examined samples) for Mn (65.0 £+ 20.0 mg/kg).
The content of the remaining heavy metals correlates with their content in the
horizons of other surveyed soils. The content of Ni, Cu, and Pb is gradually de-
creasing towards the mineral horizons, but it is many times higher than the con-
tent of other heavy metals in the organogenic horizon (which may indicate the
presence of a source of anthropogenic pollution). Peak concentrations for Zn, Pb,
Cd, Cu, Ni, and Mn were noted in the organogenic horizon of Ad. The distribution
and concentration of individual heavy metals may be a confirmation of the as-
sumption about the anthropogenic nature of soil cover disturbances. The distribu-
tion of the concentration of the studied elements over the horizons is shown be-
low (Figure 7).
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Figure 5. Graph of the distribution of fractions of peat-gley slightly saline sandy soil, point SE-2
Source: compiled by A.Y. Lebedeva-Georgievskaya.

Despite the established insignificant single excess for Cr in the A1/A2 horizon,
the ecological and geochemical state of the peaty-gley slightly saline sandy soil
(point SE-2) can be assessed as favorable.

" Hygienic Standard 2.1.7.2511-09. Approximate Permissible Concentrations (APCs) of Chemicals
in the Soil (for Sandy and Sandy Loam Soils). Moscow : Federal Center for Hygiene and Epidemiology
of Rospotrebnadzor; 2009 (In Russ.); Resolution No. 1 of the Chief State Sanitary Doctor of the Russian
Federation dated January 23, 2006 “On the Introduction of Hygienic Standards GN 2.1.7.2041-06.” Kon-
turNormativ. (In Russ.). Available from: https://normativ.kontur.ru/document?moduleld=9&documen-
tId=299876&ysclid=mkpt70csy5181221664 (accessed: 12.12.2025).

OKOJIOIrus 97



Lebedev Y.O. et al. RUDN Journal of Ecology and Life Safety. 2026;34(1):84-111

Point SE-2

4500
4000
3500
3000

2 2500

< 2000
1500
1000

500

0 I H =

Ad A1/A2 Bg

®Mass fraction (total content) of K Mass fraction (total content) of Ca
m Mass fraction (total content) of Mg Mass fraction (total content) of Na

Figure 6. Graph of the distribution of macrobiogenic elements in the horizons of peat-gley
slightly saline sandy soil, point SE-2
Source: compiled by Y.O. Lebedev, A.A. Karpichenka, A.A. lurmanov, N.S. Kokorina, M.N. Letz,

V.L. Gaazov, A.Y. Lebedeva-Georgievskaya, K.V. Molodykh, A.A. Rogachev, M.R. Makhmudov, N.R. Sobolev,
A.G. Gigolov, V.M. Nekrasov, Z.A. Vasilenko.
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Figure 7. Distribution of the content of elements of toxic metals in the horizons of turf slightly
podzolic sandy soil, point SE-2

Source: compiled by Y.O. Lebedev, A.A. Karpichenka, A.A. lurmanov, N.S. Kokorina, M.N. Letz,
V.L. Gaazov, A.Y. Lebedeva-Georgievskaya, K.V. Molodykh, A.A. Rogachev, M.R. Makhmudov, N.R. Sobolev,
A.G. Gigolov, V.M. Nekrasov, Z.A. Vasilenko.

Point SE-3

The SE-3 point is located in the central part of the spit in a mixed forest (pine,
alder, birch) with a predominance of pine. The total thickness of the soil section is
59 cm. The groundwater has not been opened. Soil: sod-podzolic sandy. The mor-
phological description of the soil section is given in Table 4.

The soil is sandy with a low-power detached organogenic horizon Ad, humus
illumination is noted up to a depth of 8-9 cm, and up to 49 cm along the roots of
plants. The roots of the plants are found throughout the depth of the profile. There is
a slight podzolization at a depth of 9-14 cm. The moisture content of the profile
corresponds to atmospheric moisture and the washing regime of the soil. The density
of horizons increases with depth, which corresponds to the natural gravitational
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compaction. The sieve analysis of the samples of the SE-3 soil section made it possible

to clarify the features of the distribution of fractions of the studied horizons (Figure 8).

Table 4. Morphological description of the section of sod-podzolic sandy soil, Point SE-3

General view of the biotope and section Soil horizon Description of the horizon
Color (by attachment / Munsell scale):
dark brown / 10YR 2/2
Ad Humidity: humid
Depth: Coloring: uniform
0-5/7 cm Mechanical composition: moderated
Capacity: Density: loose
5_7cm Build: sticky, slightly plastic
°C: Inclusions: none
6.9°C Living phase: frequent grass roots, moss
Colo rhizoids D = 1-2 mm, frequent tree roots
. D=0.2-0.3cm
Neoplasms: none
Transition: clear in color and mechanical
composition
Border: slightly wavy
Color (by attachment / Munsell scale):
A2 gray-brown / 10YR 3/2
Depth: HumiQity: frgsh
5/7-10/14 cm Colorlng: uniform N
Capacity: Mechamcal composition: sandy loam
3-9cm Density: compacted
toC: Build: slightly sticky, slightly plastic

Inclusions: none

Living phase: frequent grass roots

D =1-2mm, tree roots D =0.3-0.6 cm
Neoplasms: none

Transition: clear

Border: slightly wavy

Color (by attachment / Munsell scale):
ochre-gray / 10YR 5/2

gepth: Humi.dity.: frgsh

10/14-51/53 cm Colorlng. uniform 3

Capacity: Mechanlcal composition: sand

37-43 om De.nS|ty:.c0mpa.cted .

toC: Build: slightly sticky, non-plastic
Inclusions: none

6.1°C - .

Color: Living phase: frequent small tree roots
D=0.3-0.8cm
Neoplasms: none
Transition: noticeable in color and density
Border: slightly wavy

c Color (by attachment / Munsell scale):

Depth: ochre-brown / 10YR 4/3

51/53-59 cm Humidity: fresh

Visible capacity: | Coloring: uniform

6-8cm Mechanical composition: sand

t°C: Density: dense

6.2°C Build: slightly sticky, plastic

Color: Inclusions: none

Live phase: missing
Neoplasms: none

Source: the photo was taken by Y.O. Lebedev.
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Figure 8. Graph of the distribution of fractions of sod-podzolic sandy soil, point SE-3

Source: compiled by A.Y. Lebedeva-Georgievskaya.

The graph shows that the distribution of solid phase fractions in the studied soil
horizons is different. While the fractional distribution turned out to be completely
identical in the organo-mineral A1/A2, B, and mineral horizons C, the organogenic
horizon Ad has a much more diverse fractional composition, which may indicate an
unnatural accumulation of the solid phase of the soil during its formation and a con-
nection with anthropogenic activity. In the organo-mineral and mineral horizons,
90% of the samples are from the 0.25 mm fraction of medium sand. In the organo-
genic horizon, the distribution is different — 40% of the sample belongs to frac-
tions of 0.25 and 0.5 mm — medium and coarse sand, respectively.

The organogenic horizon of Ad is dominated by fractions of medium and coarse
sand. In general, according to the fractions (medium sand) prevailing in the studied
horizons and the content of clayey, dusty particles, this soil was classified by us as
sandy sand according to its granulometric (mechanical) composition [3].

The chemical composition of the soil is similar to slightly podzolic peaty-
gleamy sandy soil (CAP point-2), which indicates disturbances in the migration of
macrobiogenic elements down the soil profile with a peak increase in Ca concentra-
tion in the organogenic horizon of Ad (Figure 6) and a subsequent decrease to the
mineral horizons. A low K content ( > 2000 mg/kg) was noted, and the Mg content
of the Bg mineral horizon decreased.

Analysis of the results of chemical composition determination indicates the
features of migration of macrobiogenic elements down the soil profile: a peak in-
crease in Ca concentration (3230 + 970 mg/kg) in the organogenic horizon of Ad
(Figure 9) and subsequent sequential accumulation to the mineral horizons. The
increased calcium content is most likely due to biological absorption, as well as the
effect of deciduous and deciduous tree species growing in the area of the CAP-3
point. The content of K and Mg peaks in the organo-mineral horizon A1/A2 and
decreases towards the mineral horizon C.
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Figure 9. Graph of the distribution of macrobiogenic elements in the horizons
of sod-podzolic sandy soil, point SE-3

Source: compiled by Y.O. Lebedev, A.A. Karpichenka, A.A. lurmanov, N.S. Kokorina, M.N. Letz,
V.L. Gaazov, A.Y. Lebedeva-Georgievskaya, K.V. Molodykh, A.A. Rogachev, M.R. Makhmudov, N.R. Sobolev,
A.G. Gigolov, V.M. Nekrasov, Z.A. Vasilenko.

Analysis of the results of the determination of the heavy metal content revealed
for As (2.7 £ 1.3 mg/kg, the highest of the recorded exceedances) in the organogen-
ic horizon of Ad and for Cr (6.9 + 1.4 mg/kg) in the mineral horizon of B, a slight
excess of MPC and APC ( > 2.0 mg/kg and > 6.0 mg/kg, respectively). For
a number of metals studied (Zn = 48.0+£9.6,Pb = 13.3+3.3,Cu = 13.6 £2.7,
Mn = 34.0 = 10.0 mg/kg), a significant peak in concentration in the organogenic
horizon of Ad was noted, which may indicate the presence of a source of anthropo-
genic pollution. Free (gravitational) migration is characteristic of Zn, Pb, Cd, Cu,
Ni, Mn (except for the A1/A2 elluvial horizon for Mn), and is evenly distributed
over the horizons of Co. There are no geochemical barriers. The distribution of the
concentration of the studied elements over the horizons is shown below (Figure 10).

Point SE-3
"
L]
° 1"
© 7
50
Fw
g“’ 2.
30 L3
20 .
" * |
» Mlas alas wlas ala N | (TSN PN | BN PSR BN S
Ad AVA2 L] c
Aa AVA2 L] c
® Mass fracton ftotal content) of Zn * Mass fraction ftotal conment) of Mn
# Mass fracton fiotal content) of Cr MPC Cr W Mass fracton fotal content) of Cu ® Mass fracson Gotal coNent) of SO = Mass fracton fotal conent) of Ni

Mass fracion flotal coment) of Co ® Mass fracson Rotal conant) of As B MPC As
Figure 10. Distribution of the content of elements of toxic metals in the horizons of sod-podzolic
sandy soil, point SE-3

Source: compiled by Y.O. Lebedev, A.A. Karpichenka, A.A. lurmanov, N.S. Kokorina, M.N. Letz,
V.L. Gaazov, A.Y. Lebedeva-Georgievskaya, K.V. Molodykh, A.A. Rogachev, M.R. Makhmudov, N.R. Sobolev,
A.G. Gigolov, V.M. Nekrasov, Z.A. Vasilenko.
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The ecological and geochemical state of the sod-podzolic sandy soil (point SE-3)
can be assessed as favorable with minor single exceedances in As and Cr in the
horizons of Ad and B.

Point SE-4

The SE-4 point is located on the shore of the Baltic Sea behind the avenue in
a mixed forest (birch, aspen, spruce) with a predominance of birch. The total thick-
ness of the soil section was 49 cm. The groundwater was opened at a depth of
49 cm. The section is represented by slightly podzolic sandy soil. The morphologi-
cal description of the soil section is given in Table 5.

Table 5. Morphological description of a section of slightly podzolic sandy soil, Point SE-4

General view of the biotope

X Soil horizon
and section

Description of the horizon

Color (by attachment / Munsell scale):
dark brown / 10YR 2/1

by ! g‘; . Humidity: humid
1\ £ 0 2 : Coloring: uniform
A \[ C_ cm - Mechanical composition: sandy loam
? -8 apacity: Density: loose
LR 4cm Build: slightly sticky, plastic
3 rc: Inclusions: none
4.9°C

Color:

Living phase: thin abundant grass roots
and moss rhizoids D=0.1cm
Neoplasms: none

Transition: noticeable in color and me-
chanical composition

Border: slightly wavy

Color (by attachment / Munsell scale):
brown / 10YR 3/1

g;{)’iﬁ, Humidity: humid
) Coloring: uniform
4-18 C.m Mechanical composition: sand
Capacity: Density: loose
14 cm Build: slightly sticky, non-plastic
t C; Inclusions: none
4.8°C Living phase: frequent grass roots
Color:

D =1-2 mm, frequent tree roots
D=0.3-2.0cm

Neoplasms: none

Transition: clear

Border: slightly wavy

Color (by attachment / Munsell scale):
ochre-brown / 2.5Y5/4

B S .
Depth: Hum@lty. hu.mld
Coloring: uniform
18-40cm 4 o
e Mechanical composition: sand

Capacity: o
29 cm Density: loose
t°C: Build: slightly sticky, non-plastic

. Inclusions: none
5.0°C Living phase: sparse tree roots
Color: 9p -SP

D=0.1-0.6 cm
Neoplasms: none
Transition: clear
Border: slightly wavy

102

ECOLOGY



Jlebeoes A1.0. u op. Bectnuk PY/TH. Cepusi: Dxonorust u 6e3onacHocTb xu3Henesirenbaoctu. 2026. T. 34. Ne 1. C. 84-111

Table 5, ending

General view of the biotope

and section Soil horizon Description of the horizon

Color (by attachment / Munsell scale):

(¢} light brown / 2.5Y 4/4

Depth: Humidity: humid

40-49 cm Coloring: heterogeneous

Visible capacity: | Mechanical composition: sand

9cm Density: loose

t°C: Build: slightly sticky, non-plastic

5.0°C Inclusions: none

Color: Living phase: single small tree roots
D=0.2-0.5cm

Neoplasms: single bluish-ochreous spots
and patches

Source: the photo was taken by Y.O. Lebedev.

The soil is sandy with a low-power organogenic horizon, humus illumination is
noted up to a depth of 18-19 cm, and up to 28 cm along plant roots. The roots of
plants can be found up to a depth of 38 cm. Weak podzolization was noted at a depth
of 15—18 cm. The moisture content of the profile corresponds to atmospheric mois-
ture and the washing regime of the soil. The depth density of horizons does not
change, and natural gravitational compaction is poorly developed. The sieve analy-
sis of the samples of the SE-4 soil section made it possible to clarify the features of
the distribution of fractions of the studied horizons (Figure 11).

SE-4

100
90
80
70
60
50
40
30
20
10

%

5 3 2 1 0,5 0,25 0

mm
——AT\A2  e—

Figure 11. Graph of the distribution of fractions of slightly podzolic sandy soil, point SE-4
Source: compiled by AY. Lebedeva-Georgievskaya.

It can be seen from the graph that the distribution of solid phase fractions in all
the studied soil (organo-mineral and mineral) horizons is identical, which may in-
dicate a natural and gradual accumulation of the solid phase of the soil during its
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formation in the immediate vicinity of the avandune. More than 80% of the samples
from the three horizons studied are in the 0.25 mm fraction, which is medium sand.

The fraction prevailing in the studied horizons and the content of clay and dusty
particles make it possible to classify this soil according to its granulometric (me-
chanical) composition as sandy sand [3].

The analysis of the chemical composition results indicates the free migration of
macrobiogenic elements (K, Ca, Mg) down the soil profile. For Na, an increase in
the concentration to the mineral horizons was noted (Figure 12).

Point SE-4
4500
4000
3500
3000
2500
2000
2 1500
o)
= 1000
u I
p (I
A1/A2 B
m Mass fraction (total content) of K 1 Mass fraction (total content) of Ca
™ Mass fraction (total content) of Mg Mass fraction (total content) of Na

Figure 12. Graph of the distribution of macrobiogenic elements in horizons of slightly podzolic
sandy soil, point SE-4

Source: compiled by Y.O. Lebedev, A.A. Karpichenka, A.A. lurmanov, N.S. Kokorina, M.N. Letz,
V.L. Gaazov, A.Y. Lebedeva-Georgievskaya, K.V. Molodykh, A.A. Rogachev, M.R. Makhmudov, N.R. Soboley,
A.G. Gigolov, V.M. Nekrasov, Z.A. Vasilenko.

Analysis of the results of the determination of the heavy metal content revealed
a slight excess of the maximum permissible concentration ( > 6.0 mg/kg) for Cr in
the A1/A2 organo-mineral horizon®. At the same time, this value is the highest
among all tested soil horizons (7.4 = 1.5 mg/kg). For Pb (2.25 + 0.56 mg/kg) and
Mn = (81.0 £24.0 mg/kg), a peak concentration was observed in the A1/A2 orga-
no-mineral horizon, for Cu (3.44 £+ 0.69 mg/kg), in horizon B. Free (gravitational)
migration is characteristic of Zn, Cr, Pb, Co, as well as Cd and Mn, are evenly dis-
tributed over the horizons of As. An increase in the concentration to the mineral
horizon was noted for Cu and Ni, which may indicate the presence of a physi-
co-chemical barrier of the redox type. The distribution of the concentration of the
studied elements over the horizons is shown below (Figure 13).

8 Resolution No. 1 of the Chief State Sanitary Doctor of the Russian Federation dated January
23, 2006 “On the Introduction of Hygienic Standards GN 2.1.7.2041-06.” KonturNormativ. (In Russ.).
Available  from: https://normativ.kontur.ru/document?moduleld=9&documentld=299876&ysclid=m-
kpt70csy5181221664 (accessed: 12.12.2025).
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Figure 13. Distribution of the content of elements of individual metals in horizons of slightly
podzolic sandy soil, point SE-4

Source: compiled by Y.O. Lebedeyv, A.A. Karpichenka, A.A. lurmanov, N.S. Kokorina, M.N. Letz,
V.L. Gaazov, A.Y. Lebedeva-Georgievskaya, K.V. Molodykh, A.A. Rogachev, M.R. Makhmudov, N.R. Soboley,
A.G. Gigolov, V.M. Nekrasov, Z.A. Vasilenko.

Despite the established insignificant single excess for Cr in the A1/A2 horizon,
the ecological and geochemical state of the slightly podzolic sandy soil (point SE-4)
can be assessed as favorable.

The presented analysis of the results of physico-chemical studies of soil samples
suggests the presence of features of the distribution of sand fractions in slightly
podzolic peat-gley sandy and sod-podzolic sandy soils (points CAP-2 and CAP-3,
respectively), which may be associated with economic activity here in the past or
with the active aggregation of particles with a high content Ca and Mg (coagulating
cations). The excess of MPC and ODC for As was found in 2 samples — in sod-
podzolic sandy soil (point CAP-3) and in sod-slightly podzolic sandy soil (point
CAP-1) and the excess of MPC for Cr in 5 samples — in all studied soils (points
CAP-1 — CAP-4). The reasons for the identified physico-chemical features will be
discussed below.

The soil sections of the embedded catena were located in biotopes typical of the
territory of the Curonian Spit [4, 5] at a distance from each other and allowed us to
assess the features of the chemical composition of soils, the influence of plant com-
munities on it, past anthropogenic activity and the pulverization of marine aerosols,
and geochemical features and the nature of soil moisture contributed to the forma-
tion of physico-chemical barriers (point CAP-1) [6].

The soil sections uncovered and described in the course of the research corre-
spond to the types of soils common in the territory of the Curonian Spit, which are
formed on aeolian (wind) sediments under various conditions of water regime and
humus accumulation [7]. At the SE-4 point, partially flooded and watered horizons
B and C are watered by capillary rise of atmospheric moisture (as well as, possibly,
water from the marine area located at the same height as the SE-4 point behind the
avenue at 30 meters) with salts dissolved from the soil, so, during sample prepara-
tion, bringing It took a considerable amount of time to achieve a constant mass of
the selected samples, due to the fact that salt dissolved in water actively retained
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moisture in contact with the solid phase of the soil’. The close occurrence of ground-
water in general, as well as the presence of slightly salted groundwater (as a result
of pulverization and subsequent migration of thalassophilic elements with marine
aerosols), may be a geochemical bioinhibitor for the development of the root sys-
tem of woody vegetation in depth, rather than so much the light (weakly cohesive,
cohesive sand) granulometric composition of soils (on the contrary, contributing
to development of the root system of plants) and exacerbate the consequences of
destructive winds for the ecosystem [8]. In addition, the detected salinization of
groundwater and mineral horizons of soils cannot be the result of agricultural
activities, as evidenced by the data from the lake water study. Chaika and
the waters of the Curonian Lagoon for the content of dissolved salts using the
EcoLabox express laboratory, — average hardness was noted for water samples,
nitrate content less than 1 mg/l, nitrite content less than 0.05 mg/l, ammonium
content less than 0.2 mg/l, phosphates were not detected [4; 5]. The soil horizons
of the SE-4 point are characterized (except those described above) by a high con-
tent of Na, Mg, P, Mn, as well as Fe, Li, Ti, and Cr, compared with the other
horizons of the studied soils.

The sand fractions prevailing in the granulometric composition of soils of
Aeolian origin [9] correspond to their genesis, while the organogenic horizons of
soil sections located in the central part of the catena bear traces of anthropogenic
transformation (turbination) [10]. The distribution of sand fractions at the point of
CAP-2 and CAP-3 may indicate its anthropogenic disturbance, as indicated by
a significant content of coarse sand fractions and a small amount of gravel in the
organogenic horizon, which is inconsistent with the fractional distribution in the
organogenic horizons of other studied soil sections. At the same time, no econom-
ic activity is currently being conducted in these territories, the road infrastructure
1s located at a considerable distance, as a result of which it can be assumed that
the soil cover was disrupted or the Aeolian transfer of individual sand fractions to
these areas in the past. The introduction of fractions of 0.5-3 mm in size may
presumably be related to the organization of the road network in the central part
of the Curonian Spit in the past, as it corresponds to the range of fractions of the
previous and current state standards for construction sand.!® No special miner-
alogical study has been conducted to confirm or refute this assumption.

Our analysis of the gross content of macrobiogenic elements (Ca, K, Mg, Na),
heavy metals and toxic elements classified into groups 1, 2 and 3 of toxicological

° National parks of Russia: A Handbook. Moscow: The Biodiversity Conservation Center Publishing
House; 1996.

10 GOST 8736-93. Sand for Construction Work. Technical Specifications. Moscow: Srandartinform;
2005. (In Russ.); GOST 8736-2014. Sand for Construction Work. Technical Specifications. Moscow:
Srandartinform; 2019. (In Russ.).
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hazard (Zn, Pb, Cd, Cr, Cu, Ni, Co, Mn, As)'' showed that certain geochemical
features of the studied soils may be related to atmospheric circulation and proximity
to the Baltic Sea. In particular, it was noted that the Na content increases in organic-
mineral and mineral horizons of soil sections facing the Curonian Lagoon (SE-1,
SE-2), while in soil sections facing the Baltic Sea (SE-4, SE-3), on the contrary, —
the Na content increases towards the mineral horizons.

Possible pulverization of Ca, Mg (as well as Sr, P and a number of other
elements) with marine aerosols was noted, resulting in a gradual decrease in the Ca
content in organo-mineral horizons (on average 2,449 mg/kg), Mg — in organogenic
soil horizons (on average 450 mg/kg) — when moving from the Baltic Sea coast to
the Curonian Lagoon. However, no such pattern was found for K and Na.

In the samples of their 2 surveyed horizons, an excess of MPC and APC in As
(max = 2.7+ 1.2 mg/kg) was found. The excess of As content noted in soil horizons
can be explained by the processes of pulverization with marine aerosols, which is a
typical method of its transport [11].

In the samples of their 5 surveyed horizons, an excess of the MPC in Cr
(max = 7.4 + 1.4 mg/kg) was found. In some cases, its increased concentration
in the soil horizons of the sandy soils prevailing here may be associated with
geochemical barriers (redox conditions) [6]. The presence of chromium in all
the soils studied by us, which are sandy in their granulometric composition,
regardless of their anthropogenic disturbance, indicates the peculiarities of the
mineralogical composition of the sands themselves, which is consistent with
the literature data [12].

Thus, the excess of the gross content in individual horizons of As and Cr soils
that we have established is of natural origin and is not related to anthropogenic
pollution. Based on the conducted research, the ecological and geochemical state of
the soils of the Curonian Spit within the framework of the established catena can be
assessed as favorable with minor single exceedances of MPC and APC for Sg and
As related to the natural features of geology and the coastal position.

The data obtained made it possible to clarify the current geoecological state of
some types of soils common in the territory of the Curonian Spit National Park, as
well as to identify criteria for the physico-chemical state of soils related to modern
anthropogenic impact.

" Hygienic Standard 2.1.7.2511-09. Approximate Permissible Concentrations (APCs) of Chemicals
in the Soil (for Sandy and Sandy Loam Soils). Moscow : Federal Center for Hygiene and Epidemiology
of Rospotrebnadzor, 2009 (In Russ.); Resolution No. 1 of the Chief State Sanitary Doctor of the Russian
Federation dated January 23, 2006 “On the Introduction of Hygienic Standards GN 2.1.7.2041-06.” Kon-
turNormativ. (In Russ.). Available from: https://normativ.kontur.ru/document?moduleld=9&documen-
tId=299876&ysclid=mkpt70csy5181221664 (accessed: 12.12.2025); Letter of the Ministry of Natural
Resources of the Russian Federation dated December 27, 1993 No. 04-25/61-5678 “On the Procedure
for Determining the Amount of Damage Caused by Chemical Pollution of Land.” KonturNormativ. (In
Russ.). Available from: https://normativ.kontur.ru/document?moduleld=8&documentld=6352&ys-
clid=mkptb5qce0581410956 (accessed: 12.12.2025).
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Conclusion

The conducted study of the ecological and geochemical state of soils in the
central part of the Curonian Spit peninsula made it possible to update data on
physico-chemical characteristics, including the values of the content of a wide
range of toxicological elements. It was found that in 2 soil horizons examined,
the As content exceeds the APC; the maximum As content was 2.7 £ 1.3 mg/kg
(A1/A2 horizon, SE-3). For 5 of the surveyed soil horizons, the MPC for Cr was
found to be exceeded; the maximum content of Cr was 7.4 £ 1.5 mg/kg (A1/A2
horizon, SE-4).

A study of the granulometric composition of soils has shown that the organo-
genic soil horizons at the points of SE-2 and SE-3 have signs of anthropogenic in-
terference in the past (presumably in connection with the construction of the road),
while the rest of the soils developed naturally.

Clarifying the reasons for the increased content of Cr (7.4 £ 1.5 mg/kg) at the
SE-4 point does not allow us to conclude about anthropogenic pollution for a num-
ber of reasons. Thus, the increased content of Hc is explained by the geological
features of the territory and the presence of geochemical barriers: oxidative condi-
tions contribute to an increased content of Hc, while in reducing conditions its
content decreases due to active migration.

The increased As content in organogenic and organo-mineral horizons is ex-
plained by its active pulverization from the waters of the Baltic Sea (and also, pos-
sibly, from the waters of the Curonian Lagoon). At the same time, the SE-4 point is
protected by an avandune, which prevents its accumulation. At the same time, it is
not possible to exclude anthropogenic impact, since its high content is noted in the
disturbed horizons of the SE-2 and SE-3 points. In addition, a number of the studied
heavy metals (Zn, Pb, Cu, Ni) have a significant peak concentration in the organo-
genic horizons of these points, which may also indicate the presence of a modern
source of anthropogenic pollution.

The ecological and geochemical state of the surveyed soils: turf slightly
podzolic sandy soil (point CAP-1 and CAP-4), slightly podzolic peaty-gleamy san-
dy soil (point CAP-2) and sod-podzolic sandy soil (point CAP-3), can be assessed
as generally favorable with minor isolated exceedances of the MPC and ODC val-
ues for Sg and As, respectively.

The conducted research can become the basis for the organization of geochem-
ical monitoring of soils in the natural and anthropogenic territory of the Curonian
Spit National Park. The research can be scaled up by increasing the number of re-
search points, laying additional transverse and longitudinal catenae. In general, the
values of the majority of the studied parameters indicate the ecological well-bein-
gof the research area, which confirms the effectiveness of the implemented mea-
sures aimed at its conservation.
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