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Abstract—The chemical composition of the soils (Haplic Andosols) of Shikotan Island (Lesser Kuril Chain)
formed on volcanic rocks of different compositions and ages has been studied. The background content of
metals (Ba, Mn, Zn, Cu, Ni, Co, Pb, Cd, Cr, Fe, V, Sc, K, Sr, Na, Ca, Mo) in soils was estimated using
inductively coupled plasma mass spectrometry with complete acid digestion of samples. Bulk contents of
chemical elements undergo abrupt changes and depend on bedrock composition, zonal and azonal geochem-
ical landscape differentiation, influence of oceanic air masses, and the composition of plant communities.
High natural concentrations (exceeding element abundances in the Earth’s crust (clarkes)) of femaphile ele-
ments (Sc, V, Fe, Cu, Zn) are typical for the soils. The concentrations of Ca, Mo, Cd, and Pb are comparable
to the clarkes and concentrations of K, Cr, Ni, Sr, and Ba are lower than their clarkes. The main factor of
migration and accumulation of chemical elements in the studied soil is soil acid—base conditions depending
on the ratio between intermediate and mafic rocks. Humid climate and contrasting relief of the island cause
intensive migration of chemical elements not only in dissolved but also in particulate forms. This leads to dif-
ferent distribution of lithophile and siderophile elements along soil catenas. Thus, Cr, Co, and Ni are fixed
in topsoil of subordinate positions, while Cd and Pb are abundant in topsoil of autonomous positions. Statis-
tical data processing included correlation, cluster, and principal component analyzes (Statistica 12.0). The
results indicate local chemical contamination of soil within the settlement of Krabozavodskoe and in some

areas affected by educational tourism. Vehicles are the main source of contamination.
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INTRODUCTION

Currently, much attention is paid to the develop-
ment of the Kuril Islands, strengthening the economy,
and creating new jobs in the region. According to the
Strategy for Socio- Economic Development of the Sakha-
lin Region for the period up to 2035, the Kuril Islands
are classified as a territory of priority socioeconomic
development. However, they belong to little-studied
areas in terms of assessing the landscape-geochemical
situation and the degree of anthropogenic disturbance
of the territory. Along with natural hazards (seismic
and volcanic activity, tsunamis), industrial develop-
ment can lead to an increase in human load on the
environment.

Therefore, rational nature management should be
based on a scientifically verified assessment of the envi-
ronmental sustainability and environmental risks of
natural and anthropogenic origin. Data on the environ-
mental geochemistry of the Kuril Islands are insuffi-
cient; in particular, the processes of geochemical differ-

entiation and the background contents of chemical ele-
ments attract attention. Along with the established of
maximum permissible concentrations (MPCs) and
tentative permissible concentrations (TPCs) [27], to
assess possible changes in the chemical composition of
soils under the anthropogenic impact, it is necessary to
know natural background concentrations, especially in
the areas with complex geological structure. Major
international and national projects (Barents Region,
GEMAS, DEQ, Envirolink, NGSA, etc.), Russian [10,
11, 14, 18, 20] and foreign studies [32—37, 40—42] have
been devoted to these issues. Data on the chemical
composition of the soils of the Kuril Islands and adja-
cent regions are scarce [9, 13, 23, 30]; often, they have
been obtained using an approximate emission spectros-
copy analysis [5] and require refinement with the use of
modern analytical methods. At present, there are publi-
cations on the soil cover of the Kunashir and Iturup
Islands, acid—base soil properties, and concentrations
of some trace elements [7, 8, 23, 30], whereas informa-
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Table 1. The content of rock-forming elements in the volcanic complexes of the Lesser Kuril Ridge [22], wt %

Complex
Oxide
Matakotan Shikotan Notoro

SiO, 49.16 51.63 52.72
TiO, 0.82 0.65 0.80
Al,O4 17.75 16.77 17.23
Fe, 0, 6.04 4.98 4.78
FeO 4.14 3.45 3.9
MnO 0.19 0.16 0.16
MgO 4.88 5.86 5.83
CaO 8.80 7.87 8.14
Na,O 3.36 3.45 3.43
K,0 1.18 1.28 1.12
P,0Os 0.19 0.14 0.009
H,O 0.42 1.38 0.37
Sum 98.42 98.28 98.73
Number of samples 106 50 46

tion on the bulk elemental composition of the soils of
Shikotan Island is missing. Under these conditions, the
acquisition of new data and the establishment of major
features of the chemical composition of soils and the
influence of natural and anthropogenic factors on it are
of particular importance.

The aim of this study is to determine the distribu-
tion of metals in the soils of Shikotan Island and to
establish the regional geochemical background for
using these data in the environmental monitoring pro-
grams. The particular objectives of the research are as
follow:

(1) to determine the main landscape-geochemical
conditions of soil formation on Shikotan Island;

(2) to reveal the role of natural factors in the forma-
tion of the chemical composition of soils;

(3) to determine the patterns of radial and lateral
migration of chemical elements in the soil-geochemi-
cal catenas; and

(4) to assess changes in the chemical composition
of soils under the impact of anthropogenic load.

OBJECTS AND METHODS

Research objects. Shikotan is the largest in the
Lesser Kuril Chain of islands; its area reached 260 km?
(Fig. 1). The length from northeast to southwest is
28 km, the average width is 10 km. Shikotan is charac-
terized by a complex geological structure. It is com-

posed of volcanic and volcanogenic-sedimentary for-
mations of basic and intermediate composition of the
Late Cretaceous and Paleogene ages. According to
Gavrilova and Solov’eva (1973) with additions by Gov-
orov and Piskunov (2004), they are divided into three
main complexes: Matakotan and Shikotan volcano-
genic-molasse and Tomari—Notoro volcanic. The
Matakotan complex in the western part of Shikotan
contains volcanic breccias replaced by conglomerates in
the upper part. There are composed of basaltic and
basaltic-andesite lavas, lava breccias, agglomerate tuffs,
coarse and fine clastic volcanic sedimentary rocks.
They are characterized by increased contents of total Fe,
MnO, and CaO, and decreased contents of MgO and
SiO, (Table 1). Within the Matakotan complex, the
Krabozavodsk formation is distinguished; it composes
the coastal cliffs of the Krabovaya Bay and is represented
by basalts with globular and pillow structures [15].

The Shikotan complex is mainly found in the east
of the island. It is composed of effusive-pyroclastic
formations: basalts and basaltic andesites, which are
combined with layers of massive basalts and conglom-
erate-breccia lenses. According to their chemical com-
position, they belong to rocks with normal alkalinity,
low contents of TiO,, CaO, and Fe oxides, and high
content of MgO. This complex is complicated by gab-
broid dikes (Shikotan gabbroid complex) and dolerites
and basalts (Dimitrov dike complex) in the northern
and southern parts of Shikotan [15, 28].

EURASIAN SOIL SCIENCE  Vol. 55 No. 12 2022
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Fig. 1. Schematic map of sampling points on Shikotan Island, Lesser Kuril Chain.

The Tomari-Notoro complex in the central part of
Shikotan is composed of lavas and lava breccias of
basalts, basaltic andesites, and andesites. The pres-
ence of subalkaline potassium rocks of the absarokite —
shoshonite series of more acidic composition (Lesser
Kuril complex according to [15]) is characteristic of
this complex. In general, the rocks of the complex
have high contents of SiO,, CaO, and Al,O; and mod-
erate contents TiO,, MgO, and alkalis with a signifi-
cant predominance of Na.

The relief of the island is represented by accumula-
tive—denudational and tectonic forms: strongly dis-
sected elevated plateaus and mesas of andesitic and
basalt (less often, tuff) compositions [1].

2022
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Shikotan is located in a temperate maritime mon-
soon climate with strong and prolonged winds, high
precipitation, and frequent fogs. The winter season is
relatively mild, the spring season is long and rainy, the
summer season is with little sunshine and heatless, and
the autumn season is relatively dry [12, 17, 24].

The island is part of the South Kuril botanical-geo-
graphical province of the South Sakhalin—South
Kuril—Hokkaido subregion of the Far East conifer-
ous—broadleaved forest region. Spruce—fir forests
with Ayan spruce Picea ajanensis (Lindl. & Cord.)
Fisch. ex Carr. and Sakhalin fir Abies sachalinensis ft.
Schmidt, as well as groves of stone birch Betula ermanii
Cham. and white birch Betula platyphylla Sukacz. and
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Fig. 2. Soils of Shikotan Island.

thickets of low-growing (50—70 cm) Kuril bamboo
Sasa kurilensis (Rupr.) Makino & Shibata predomi-
nate [3]. Sakhalin cork tree Phellodendron sachalin-
ense (F. Schmidt) Sarg., Kuril larch Larix kurilensis
Mayr., mountain ash Sorbus commixta Hedl., and yew
Taxus cuspidata Siebold et Zucc. trees can also be
found [1, 26].

In terms of soil zoning schemes, Shikotan belongs
to the South Kuril region [16]. According to the Rus-
sian soil classification system of 2004, soils developed
from volcanic sediments are classified as stratified
ocherous soils [31]; in the WRB system, they belong to
Haplic Andosols [38]. These soils are characterized by
a specific mineralogical composition with a predomi-
nance of weatherable minerals and an abundance of
amorphous mineral phases, such as allophane and
organomineral compounds. They have specific water-
physical properties: high intra- and inter-aggregate
porosity and high infiltration capacity against the
background of high water-retention capacity [31].

Despite the absence of present-day volcanism, vol-
canic ashes coming from eruptions on adjacent islands
take an active part in the soil-forming processes on the
island. Thus, as a result of the joint manifestation of
the zonal and synlithogenic pedogenesis, soils have a
complicated morphology of the profile. These are lay-
ered polygenetic soils with buried horizons and with a
high content of organic matter throughout the profile.
According to the Atlas of the Kuril Islands [1], dark
gleyic burozems (27.7% of the island area) and soddy
(gray-humus) soils (24.2%) predominate. A signifi-
cant area is occupied by raw-humus burozems [16]
(Fig. 2).

The complex geological structure, contrasting
relief, and diversity of vegetation contribute to the
fragmentation of the soil cover and frequent changes
in soil varieties. In addition, the input of fine tephra
during volcanic eruptions on the Greater and Lesser
Kuril Ridges, Kamchatka, and the Japanese Islands
has a certain effect on the chemical composition of
soils. Thus, a peatland in the middle reaches of the
Gorobets River contains ash layers with eruptions of
volcanoes of Komagatake, Tarumai, and Mashu on
Hokkaido; L’vinyi Zev volcano on Iturup, etc. [25].

Materials and methods. In August 2021, multiple
landscape-geochemical studies were carried out on
Shikotan. We surveyed background areas along four
landscape profiles (PR) in different parts of the island
within the main geological complexes and an anthro-
pogenically modified area within the settlement of
Krabozavodskoe. Overall, 45 sampling points (SP)
encompassing the maximum natural diversity in differ-
ent geochemical positions were studied (Figs. 1 and 3).

Profile 4 (PR4) was laid on the northern slope of
Mount Gorobets towards the Krabovaya Bay and
included 8 sampling points. Its length was 1100 m, and
the difference in heights reached 203 m. Dark
burozems predominated on the lower and middle parts
of the slope; soddy meadow soils, on the upper part.
The soils were formed on the colluvium of tuff con-
glomerates and mafic (basaltic) mictites of the Krabo-
zavodskaya suite.

Profile 5 (PR 5) from the Dimitrov Bay along the
western slope towards local summit had a length of
1100 m and a vertical difference in heights of 97 m; it
included 5 sampling points. In the lower part, soils
EURASIAN SOIL SCIENCE  Vol. 55
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Fig. 3. Schemes of landscape profiles studied on Shikotan Island.
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develop from the colluvium of mafic rocks (Dimitrov
dike complex of dolerites and basalts [15]); in the
upper part, from subvolcanic formations of the Lesser
Kuril complex of more acidic composition. Raw-
humus burozems, dark burozems, dark gley burozems,
and podburs were described in sampling points.

Profile 6 (PR6) crossed outcrops of the Tomari-
Notoro volcanic complex and volcanic-sedimentary
rocks of the Lesser Kuril complex. It consisted of six
sampling points, had a length of more than 3500 m,
and height difference of 19 m. The profile crossed a
step-like accumulative marine plain between marginal
parts of the central plateau. Dark burozems, podburs
and meadow-soddy soils formed on a stratum com-
posed of lavas and lava breccias of andesites and basal-
tic andesites were described along this profile.

Profile 7 (PR7) in the northeastern part of Shiko-
tan extended from Cape Krai Sveta to Mayachnaya
Bay and from the Pacific Ocean’s water edge along the
slope of the western exposure to the top of the pass. Its
length was 4800 m and the difference in heights reached
128 m. Raw-humus burozems, dark burozems, gray-
humus soils, and raw-humus petrozems developed
from Shikotan complex rocks were described along this
profile.

In the area of the Krabozavodskoe settlement,
19 sampling points evenly distributed over the area of
residential development were studied.

At each sampling point, detailed physiographic
description of the landscape conditions was made,
including the description of soil profiles in shallow pits
(to the middle-profile horizon) and vegetation (main
layers, synusia, species composition, projective cover
and abundance of plant species, phenological state,
vitality, etc.). Special attention was paid to potential
sources of anthropogenic impact, their location, pos-
sible spread of pollutants in the catenary structure,
environmental disturbance, etc.

Soils were sampled from two genetic horizons: sur-
face accumulative (A) and middle-profile (BF, BHF,
BG). Overall, 72 soil samples were taken and analyzed,
including 19 samples from the technogenically modi-
fied territory. In soils of natural moisture in the field,
the pH value was determined using a pH meter (Horiba
LAQUAtwin B-712) with a horizontal electrode for
measuring in solid sediments, gels, and liquids.

One of the objectives of the research was an assess-
ment of soil pollution related to the economic activi-
ties and unorganized educational tourism. For this
purpose, surface soil samples were taken in the Krabo-
zavodskoe settlement on observation points of tourist
routes. In addition, the studied profiles partially
crossed major tourist routes.

OPEKUNOVA et al.

The analysis of the bulk contents of metals (Na, K,
Ca, Mg, Cu, Zn, Fe, Pb, Cd, Ni, Co, Cr, Ba, Sr, and
Cd) in the soil samples was performed in the Central
Laboratory of the Karpinsky All-Russia Geological
Research Institute using inductively coupled plasma
mass spectrometry on an ELAN-6100 DRC instru-
ment.

Data on the average contents of the studied metals
in the urbanized area (Krabozavodskoe settlement)
were compared with data from the background natural
landscapes unaffected by economic activity.

The background concentrations of heavy metals in
soils were calculated using the minimum anomalous
concentration of the element related to the techno-
genic pollution or errors in sampling and sample
preparation:

Xminan — X * t89

where X is the average content of a chemical element,
0 is the standard deviation, and ¢ is Student’s coeffi-
cient (its values are tabulated depending on the level of
significance and the number of samples).

The value of the Student’s coefficient with a confi-
dence interval of 95% for the studied samples (n > 26)
is about 2.0. Thus, the final formula takes the form:
Xminan = X £20. All values beyond these limits were
excluded from the calculation of the regional back-
ground concentrations, which were determined for
“clean” samples.

The methods of descriptive statistics were applied
using Excel software. For multivariate statistical anal-
ysis of geochemical data, cluster analysis and principal
component analyses (PCA) were performed using
Statistica 12.0 software package (StatSoft). Cluster
analysis was performed using a hierarchical agglomer-
ative method (tree clustering) according to the single
link rule (Single Linkage) with a preliminary stan-
dardization (Standartize) of concentrations for two
samples characterizing element contents in the humus
and middle-profile horizons. The measure of similar-
ity between elements was determined as the Euclidean
distance. The PCA was performed for three statistical
samples with 17 variables (metal contents) for 72 soil
samples.

To assess the natural geochemical heterogeneity
and intensity of element migration in soil catenas, the
coefficients of lateral differentiation were calculated
(the ratio of the element content in the upper horizon
of the subordinate landscape to its content in the same
soil horizon of the geochemically autonomous land-
scape, L) [6]. Because of the high heterogeneity of the
parent materials, the geological structure of the terri-
tory was taken into account in the calculation. This
was done on the basis of a comparison of the content
of the element in the middle-profile horizons of the
EURASIAN SOIL SCIENCE  Vol. 55
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same soils, since the formation of their chemical com-
position is greatly influenced by parent rocks. In these
horizons, the coefficient of heterogeneity of the geo-
logical structure (KHGS) was determined:

KHGS = &t
Ci

where ¢;; and c;, are the metal concentrations (mg/kg)
in the middle-profile horizons in the autonomous
(upper) and subordinate (lower) catenary positions,
respectively. Then, the coefficient of lateral migration
was normalized to this coefficient by dividing L by the
coefficient of heterogeneity of the geological structure
(KHGS). This approach made it possible to partially
remove the influence of the composition of parent
rocks on the L value. However, it should be born in
mind that its use is advisable in the case when the
influence of soil-forming processes on the accumula-
tion and removal of the elements under consideration,
especially their radial migration, are of the same type
in the compared landscapes.A comparative assess-
ment of the level of soil pollution was based on the cal-
culation of the total index of soil pollution (Z,) [27].
Based on the similarity of the geological structure of
the territories, the average metal contents in the
organogenic (humus) soil horizons of PR4 and of PR6
(for the central part of the island) were taken as refer-
ence background values. To remove the possible influ-
ence of the heterogeneity of the geological structure,
the calculation was carried out only for metals, which,
based on statistical analysis, were classified as poten-
tial pollutants.

RESULTS AND DISCUSSION

Acid—base soil properties. Soils of Shikotan are
characterized by a neutral or slightly acid reaction
(pH 5.10—7.52). This significantly affects the mobility
of chemical elements in the landscape. In a neutral
medium, most chemical elements have a low migra-
tion capacity; with acidification of the soil solution,
element mobility sharply increases [19, 21, 39]. The
main factor determining the change in the acid—base
index is parent material. The lowest pH values were
noted in soils forming in the central part of Shikotan
(PR6 crossing the Tomari-Notoro and Lesser Kuril
rock complexes), as well as in soils on volcanogenic-
molasse complex (PR5 towards Dimitrova Bay) and
soils on lavas and lava breccias of intermediate compo-
sition in the northwestern part of PR7. Soils develop-
ing from basalt rocks on the slope of Mount Gorobets,
as well as soils on tectonites of mafic rocks on the mac-
roslope in Dimitrov Bay and Krai Sveta Cape have a
neutral and slightly alkaline reaction. In the transition
from the humus to the middle-profile horizon, an
increase in pH is observed in most soils in the interior
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of the island. In the soils of marine terraces, where the
influence of oceanic air masses is significant, an
increase in pH in the organic horizon is noted.

In addition, within one geological complex, a
change in the pH value occurs when the dominants of
plant communities change. Acidification of the sur-
face horizon was found for the soils under spruce—fir
forests because of the needle litter containing a large
amount of resin acids.

Content and associativity of chemical elements in
soils. An analysis of the content of chemical elements
in the soils of Shikotan indicates the heterogeneity of
the samples due to the complex geological structure of
the territory. The content of most metals is rather vari-
able. Close relationships between the chemical com-
positions of soils and rocks are known for the Kuril
Islands [23]. As noted above, the geological structure
of the island is dominated by mafic and intermediate
effusive rocks. Table 2 shows the average content of
metals in the studied soils, which suggests that the mafic
rocks are represented to the maximum extent in the
Matakotan (Krabozavodskaya Formation) and Shiko-
tan volcanogenic—molasse complexes of basaltoid
rocks (PR4, PR5, PR7). The rocks of the Tomari—
Notoro and Lesser Kuril complexes (PR6) are closer
to the composition of andesites and more acidic rocks
(subalkaline potassium varieties). The Shikotan com-
plex in the northeastern part of the island (in the area
of PR5 and PRY7) is characterized by a significant het-
erogeneity, as evidenced by the wide range of metal
contents in the middle-profile soil horizons. This is
due to the overlay of the dike complex of gabbroids,
dolerites, and basalts.

The geochemical features of soils and soil-forming
rocks were considered using PCA analysis of data on
metal contents in the middle-profile horizon (Table 3).
In general, all variations in the chemistry of the stud-
ied soils are described by three associations. The first
principal component includes about 50% of the total
variance. It reflects the differentiation of soils by the
types of soil-forming rocks. Felsiphile metal associa-
tion (Mo—Pb—Cd) with positive values of factor 1) is
related to felsic rocks, and parageneses of siderophile
and lithophile metals (negative values of factor 1) are
associated with mafic rocks. The second component
(weight 25%) reflects the differentiation of mafic
rocks into a femaphile group of elements (metals of
mafic and ultramafic rocks: Fe, V, Mg, Sc, Ni, Co,
etc.) and alkali metals. It is believed [22] that all
basaltoids of the island belong to the normal alkaline
series, but their alkalinity (the sum of sodium and
potassium oxides) differs, and its maximum is noted in
the rocks of the Shikotan complex. The subalkaline
rocks of the Lesser Kuril Complex (PR6) tend to the
alkaline series.
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Table 2. The content of metals (mean * confidence interval at 5% significance level) in the studied soils of the island Shi-

kotan, mg/kg

Profile/sampling area

Metal
4 5 6 7 Krabozavodskoe
Organogenic horizon
Na 9300 = 400 9300 £ 4800 5800 = 1700 13400 * 2400 10900 * 1800
Mg 10300 £ 750 9950 £ 7100 5100 = 1650 14150 £ 5050 13750 £ 3300
K 5800 + 300 4900 + 2100 4200 £ 1300 6500 £ 1300 9400 * 1200
Ca 16100 % 2000 14700 %+ 8300 11100 £ 4500 24000 =+ 8100 17900 % 2700
Sc 17t 1.4 1.6 £ 7.3 8.6+ 3.0 170 £ 2.0 18.6 = 2.67
A\ 175+ 13 103 + 66 76.5 £ 28 163 £ 25 186 + 27
Cr 2719 40.9 + 42 11.8+7.4 49.5+ 30 39+94
Fe 53500 £ 3200 31600 = 19200 23800 * 8600 46500 % 5600 55700 £ 5400
Co 16 £ 1.6 114+79 7.79 £ 2.6 16.1 = 4.7 20.8 £ 3.2
Ni 10 1.5 20.7 £ 22 6.94+ 3.0 17.8 £ 9.0 23.5+ 4.6
Cu 54+75 43.8+29 304+6.4 65.2+24 100 £ 17.6
Zn 100 = 10 71.2 £ 23 732122 80.9 £ 10 162 + 36
Sr g £ 11 148 £ 81 95.3+29 251 £ 110 229 + 36
Mo 1.56 £ 0.10 1.17 £ 0.55 1.04 £ 0.19 1.42 £ 0.36 1.40 £ 0.27
Cd 0.32+0.05 0.23 £0.05 0.31 £0.09 0.26 = 0.07 0.33+£0.06
Ba 216 + 21 210 + 142 167 £ 52 278 £ 71 583 + 124
Pb 16 £ 2.6 172 £5.0 19.0 £ 3.5 17.3£4.0 147 + 242
pH 6.63 £ 0.36 5.94 £ 0.66 5.36 £0.22 6.00 + 0.44 5.63 £ 0.65
Middle-profile horizon
Na 7000 £ 1100 11900 % 2600 10000 = 600 12800 %+ 2200 —
Mg 14950 + 2700 11100 + 5900 7650 £ 1200 15350 £ 6150 -
K 6500 * 1200 6000 * 1600 5900 * 1400 7200 + 2500 -
Ca 14700 = 1200 15200 %+ 2000 13800 + 2400 22100 = 7900 -
Sc 223+09 18.8 £ 1.5 17.2 £ 2.7 20.7+£3.0 -
Vv 238 + 23 173 £ 14 151 +£20 196 * 26 -
Cr 28.9+8.3 32.4+ 36 16.6 £ 6.4 43.9+22 -
Fe 68300 * 4700 56700 + 4300 49500 £+ 5200 58400 £ 4300 -
Co 25.5+3.5 15.8 £5.3 144 £ 1.5 19.7 £3.5 -
Ni 18.0 £ 4.8 18.2 £ 24 7.51 £3.1 17.8 £ 8.4 -
Cu 96.9 + 25 56.8 £ 25 41.8 £ 6.5 69.4 + 20 -
Zn 105 £9.2 81.3 £3.8 85.8 12 874t 12 -
Sr 102 + 24 146 *+ 56 116 £ 11 247 £+ 136 -
Mo 1.16 = 0.26 1.83 £ 0.67 1.82 £ 0.10 1.48 £ 0.40 -
Cd 0.27 £ 0.04 0.24 £ 0.05 0.24 £ 0.02 0.21 £0.03 —
Ba 271 £ 60 249 + 132 204 £ 47 280 + 83 -
Pb 9.7+0.8 13.2+19 149 +£2.0 114+24 -
pH 7.01 £0.20 6.00 = 0.48 5.8 £0.30 5.87+0.24
EURASIAN SOIL SCIENCE  Vol. 55 No. 12 2022
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Table 3. Parageneses of chemical elements in generalized factor load responsible for the distribution of metals in the soils
of Shikotan. Above the line—positive coefficients of factor load; under the line—negative coefficients of factor load (in the

formulas, the values of the loads multiplied by 100 are given)

Factor Name Paragenesis Factor share, %
Total content of metals in the organogenic horizon of soils, n = 28

I Parent material - Mo, 54.8
Mgy;ScgyBagyCoggNigg VggCagsNagsKg,Stg)CrysFesy

11 Organogenic Cug;Cd;sZngoPbegFeqq 17.4

Total content of metals in the organogenic (surface) horizon of soils on the profiles
and the Krabozavodskoe site, n = 46
I Parent material Mgg5ScogCog7Nig; VssCagyStrgFe;3Crgo K7 NagsBayg 45.9
11 Technogenic Cu,gCdggPbg,Zns;Bas, 16.7
Total content of metals in the middle soil horizon, n = 26

I Parent material M(?gg PbyCdag 49.8
Mgy;CogsCug;Bag;Nig Crg; V75K 7,St50Fes;CasySeyy

II Formational NagSrgsCasy 24.8

Fe74ScesZngsVs;Cds;Coyy

In order to identify the features of the chemical
composition of the middle-profile horizons in the
studied catenas and link them to the main geological
complexes, soil samples were evaluated according to
factor loads. Within the Matakotan complex of the
Krabozavodskoe series (PR4), burozems and podburs
are characterized by a homogeneous elemental com-
position and tend to the femaphile elements (negative
loads on factors I and II). Soils of PR6 (dark
burozems, podburs, and meadow-soddy soils) have
maximum loads on the association of intermediate
effusives (positive loads on factors I and II). Sampling
points of PR5 and PR7 belonging to the Shikotan
complex are distinguished by the considerable hetero-
geneity. Part of samples PR7 from Cape Krai Sveta
(raw-humus petrozems and dark gleyic burozems) and
sampling point 2 from PRS5 in Dimitrov Bay (dark
gleyic burozem) are characterized by maximum loads
on alkaline basaltoids (negative load on factor I and
positive load on factor II). Away from the coast
towards higher hypsometric levels, that is, from super-
aquatic beach deposits to transeluvial positions with
dark burozems, both profiles intersect rocks of a more
felsic composition similar in chemistry to the rocks of
the Lesser Kuril complex. They are represented by the
association of felsiphile elements (positive loads on
factor I).

In general, factor analysis indicated that metal con-
tents in the middle-profile horizons are characterized
by paragenesis of femaphile and alkaline metals. The
total contents of elements of these groups are charac-
terized by high values significantly exceeding element

EURASIAN SOIL SCIENCE  Vol. 55
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abundances in the Earth’s crust (clarkes). Chalcophile
metals (Cu, Zn, Cd, Pb) in the middle-profile horizon
do not show paragenetic affinity with one another,
which can be associated with the absence of sulfide
rocks in the study areas, as well as by the low mobility
and degree of involvement of these metals in the bio-
geochemical cycle [19]. This is mainly due to neutral
soil reaction and approximately clarke levels of metal
concentrations.

Metal concentrations in the organogenic horizon
differ from those in the middle-profile horizons, which
is also confirmed by the PCA. The first factor explain-
ing 55% of the total variance reflects the accumulation
of femaphile metals, which are characteristic of mafic
effusive rocks. An independent association of felsiphile
elements found in the middle-profile horizon is absent
in the upper horizon. The second factor explaining 17%
of the total variance is related to chelate formation with
participation of chalcophile elements (Cu, Cd, Pb, Zn)
and iron. These metals are complex-forming elements
and are part of the organo-mineral compounds that
make up a significant proportion of the soil adsorption
complex. In the middle-profile horizon, these metals
are included in the association of trace elements of vol-
canic rocks and, as noted above, do not display signifi-
cant correlation with one another. The soils of PR4
have the maximum loads on the second component,
which indicates the activity of chelation processes and
the high degree of participation of these metals in
organo-mineral complexes. In this regard, it seems
interesting that felsiphile metals (Cd and Pb) and fema-
phile metals (Cu, Zn, and Fe) are associated in this par-
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Fig. 4. Dendrogram of the hierarchical cluster analysis of meta
soils.

agenesis. This indicates a significant role of soil-form-
ing processes in the formation of the chemical compo-
sition of the humus horizon.

The regularities established above are confirmed by
the results of cluster analysis of the general sample rep-
resenting both humus and middle-profile horizons. At
the first clustering step, Fe and V are combined, then
Co is added to them, then Sc (Fig. 4). The Pearson
pair correlation coefficient between Fe and V concen-
trations is 0.96 for the humus horizons and 0.94 for
the middle-profile horizons. The strong correlation
between V and Fe in soils is confirmed by the litera-
ture data [2]. The coefficient of pair correlation
between Fe and Co concentrations is 0.89 for the

1 concentrations in (a) organogenic and (b) illuvial horizons of

humus horizons and 0.76 for the middle-profile hori-
zons. Vanadium has a stronger relationship with
cobalt: the correlation coefficients are 0.92 and 0.85
for organogenic and illuvial horizons, respectively.
A close relationship is found between Mg and Ni,
which then combine with the previously listed metals
to form the femaphile association. Chalcophile ele-
ments (Cu, Cd, Zn, Pb) have low pairwise correlation
coefficients and large clustering distance.

Geochemical characterization of soil types. As is
known, the chemical composition of soils is deter-
mined not only by the characteristics of soil-forming
rocks but also by pedogenetic processes. Comparative
analysis of data on metal concentrations in different
Vol. 55 2022
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Fig. 5. Metal concentrations in different soils: (/) burozems, (2) podburs, (3) soddy meadow soils, and (4) petrozems.

genetic types of soils indicates that petrozems are
characterized by generally higher concentrations of
Na, Mg, K, Ca, V, Co, Cu, Sr, and Ba both in the top-
soil and middle-profile horizons (Fig. 5). The accu-
mulation of Pb is observed in meadow-soddy soils

EURASIAN SOIL SCIENCE  Vol. 55 No. 12 2022

under meadow communities (the Pb content is 2.5—
3.0 times higher than in other types of soils in the
humus horizons and 1.2—2.3 times higher in the mid-
dle-profile horizons). At the same time, meadow-
soddy gleyic soils are significantly depleted in calcium
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Fig. 6. Concentrations of alkali metals in the humus horizons of soils of coastal areas of Shikotan: (/) sampling points on the

ocean coast and (2) general sample.

(2.6 times less Ca in the humus horizons and 1.5 times
less in the middle-profile horizons) compared to typi-
cal meadow-soddy soils. In burozems and podburs,
the concentrations of metals approximately corre-
spond to the average background values (Fig. 5).

The noted differences are explained, first of all, by
the specificity of soil morphology and properties.
Petrozems are characterized by the low humus content
compared to podburs, burozems, and meadow-soddy
soils. A small amount of organic matter and an under-
developed profile with shallow bedrock contribute to a
significant effect of parent rocks on the elemental
composition of the soil, including an increase in the
concentration of typical femaphile metals. This again
emphasizes the significant influence of volcanic rocks
on the chemistry of not only petrozems but also other
soils of Shikotan.

It is important to note the oceanic influence on the
chemical composition of the topsoil horizon of soils on
plots located in relative proximity to the Pacific coast
(sampling points 7-1, 7-2, 5-1, and 5-2), in which the
concentrations of Na, Mg, K, and Ca cations (typical of
seawater) is 1.5—2.0 times higher (Fig. 6).

In addition, changes in the contents of metals in
the humus horizons are related to changes in plant
communities (alder, birch, fir—spruce forests and her-
baceous meadows). Thus, soils under alder forest are
characterized by higher (by a factor of 1.5—1.9) Co
concentrations compared to soils under fir—spruce,
birch, and meadow communities. This may be caused
by the influence of Co on the capacity of alder species
to fix nitrogen from the air [39]. Along with this, in
podburs and burozems developed under alder com-
munities, the concentrations of Mg, K, V, Fe, Ni (1.7—

3.5 times), Cu, Ba, and Zn (1.5—2 times) are also
higher. Soils under fir—spruce communities are char-
acterized by the high Cr content. In meadows, Na, Ca,
Sr, and Pb are concentrated in the soils.

Redistribution and migration of metals in the soil
catenas. Comparison of the contents of metals in the
topsoil and middle-profile horizons using statistical
criteria (Student’s test) indicates that their ratio
depends on the type of soil and geological structure.
The highest differentiation of metals between the
genetic soil horizons was found within the Matakotan
Complex (PR4). In the middle-profile horizon, sig-
nificant accumulation of Mg, Sc, V, Fe, Co, Ni, and
Cu takes place in comparison with the topsoil. At the
same time, Na, Mo, and Pb accumulate in the topsoil.
In the areas of the Tomari—Notoro and Lesser Kuril
complexes (PR6), the vertical redistribution of Na,
Mg, Sc, V, Fe, Co, Ni, Cu, and Mo generally repeats
the differentiation of metals in the soils of PR4, but
only Pb accumulates in the organogenic horizon. In
the soils formed within the area of the Shikotan com-
plex (PR5 and PR7), there are no statistically signifi-
cant differences in the contents of metals between the
topsoil and middle-profile horizons, except for some
accumulation of Fe in the middle-profile horizon (on
both profiles) and Pb in the topsoil in profile PR7.
Probably, the absence of statistically significant differ-
ences in the concentrations of metals in the genetic
soil horizons in these areas is explained by their high
variability, as was already noted earlier.

The calculation of the coefficients of lateral migra-
tion (L) showed that the migration activity of the ele-
ments varies significantly from eluvial (autonomous)
to superaquatic (subordinate) landscape-geochemical
EURASIAN SOIL SCIENCE  Vol. 55
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Profile (altitude difference)
Metal Average
4 (203 m) 5 (57 m) 5 (40 m) 6 (19 m) 7 (128 m)
Na 0.67 3.87 4.94 3.00 0.90 2.69
Mg 1.77 2.89 5.95 3.08 2.04 3.15
K 0.92 1.96 2.23 1.83 1.03 1.60
Ca 0.88 5.1 6.90 2.86 0.91 3.38
Sc 1.33 5.7 8.56 3.84 0.84 4.02
A\ 1.74 6.46 7.74 3.81 0.97 4.14
Cr 3.04 2.71 10.20 1.89 1.77 3.92
Fe 1.62 6.44 6.80 3.88 0.95 3.94
Co 2.08 3.94 7.17 3.65 1.91 3.75
Ni 2.22 1.36 6.15 1.37 1.57 2.53
Cu 2.12 2.24 3.89 2.03 1.80 2.42
Zn 1.17 1.44 1.86 1.72 0.77 1.39
Sr 0.54 2.47 3.38 2.41 1.12 2.00
Mo 0.49 1.1 1.43 1.81 0.38 1.04
Cd 0.62 0.9 1.02 1.42 0.53 0.90
Ba 0.90 2.39 3.33 2.31 1.52 2.09
Pb 0.49 0.5 0.73 1.13 0.49 0.67

positions (Table 4). The distribution of metals by ele-
ments of the relief is controlled by the geological and
geomorphic factor and acid—base conditions. Thus, at
PR4, the elevation difference reaches 200 m, and the
average soil pH is 6.80. The most active lateral migra-
tion (L> 2) is noted for Cu, Ni, Cr, and Co. At PR5, L
was estimated for two landscape-geochemical catenas
with height differences of 57 and 40 m. With the excep-
tion for Mo, Cd, Pb, and Zn, metals had high values of
the coefficient of lateral migration (L = 2—10) with
maximums for Cr, Fe, Co, V, Ca, and Sc. The average
pH was 6.14 and 5.41 for the first and second catenas,
respectively. Characteristically, under homogeneous
geological and geochemical conditions, the values of L
increase at lower pH values, which is in good agree-
ment with the increase in the mobility of most metals
upon acidification of the soil solutions [19, 39]. At
PR6 with a small height difference (19 m), relatively
low values of L (1.1—3.9) have been noted. The most
active lateral migration is characteristic of sidero-
phile metals. In profile PR7 from the pass to May-
achnaya Bay to sampling point SP4, the height dif-
ference reaches 128 m, and the average pH value is
5.63. Here, the L values indicate a very low degree of
the lateral metal migration: L somewhat exceeds 2
only for Mg.

EURASIAN SOIL SCIENCE  Vol. 55 No. 12 2022

In general, the lateral migration of metals in the
landscape-geochemical catenas Shikotan can be char-
acterized by the following decreasing sequence
(according to L values): V (4.1) > Sc (4.0) > Fe (3.9) >
Cr(3.9) > Co (3.8) >Ca(3.4) > Mg (3.2) > Na (2.7) >
Ni(2.5)>Cu(2.4)>Ba(2.1) >Sr(2.0) > K (1.6). The
lateral migration of Zn, Cd, Pb, and Mo in the studied
soils is very weak. High value of L for generally slightly
mobile Sc, V, and Cr indicate that, within the dis-
sected relief, the migration of metals is possible not
only in the form of soluble salts but also in a mechan-
ical form together with soil particles. It is necessary to
note the general regularity of migration, i.e., its depen-
dence on the soil pH. The lowest L values are typical
of PR4 with an average pH 6.80 (low metal mobility),
and the highest L values are observed at PR5 with an
average pH 5.41 (relatively high mobility of cationic
metals). Based on the results obtained, it can be con-
cluded that under conditions of a highly dissected
relief, a direct relationship between the intensity of
metal migration and an increase in the height differ-
ence and slope of the surface disappears.

The revealed relationship between the intensity of
lateral migration and pH is of great importance in
determining landscape tolerance towards chemical
pollution. In turn, pH in the landscape-geochemical
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Table 5. Background metal concentrations (mean * confidence interval at 5% significance) in the soil horizons of Shiko-

tan, mg/kg

Element Horizon A (n = 27) Horizon B (n = 26) Soil clarke [2, 9]
Na 9300 = 1300 10200 £ 1300 5000
Mg 10650 £ 2450 12650 £ 2450 5000
K 5700 + 670 6100 = 600 14000
Ca 17000 % 3300 16600 £ 2600 15000
Sc 16.3+2.4 20+ 1.3 7.0
v 158 £ 21 190 + 15.4 90
Cr 33+ 12.8 31£9.9 70
Fe 46300 + 5300 58100 £ 3200 40000
Co 148t24 189£23 8.0
Ni 141+ 44 13.5+3.6 50
Cu 51+94 69 +13.3 30
Zn 84 £ 8.0 91 t£6.2 90
Sr 139 + 26 122 + 16.4 250
Mo 1.3£0.16 1.5+£0.18 1.2
Cd 0.31 £ 0.08 0.24 £0.02 0.35
Ba 241 £ 39 243 + 35 500
Pb 16.4 £2.0 120+ 1.2 12

catenas of Shikotan to a certain extent depends on the
ratio of mafic and intermediate rocks: an increase in
the proportion of andesites leads to a decrease in soil
pH and an increase in the migration potential of met-
als; mafic rocks (basaltoids) alkalinize soil solutions
and reduce the mobility of metals.

Regional geochemical background (tentative esti-
mate for the soils). The calculation was carried out for
the entire soil cover of the island, taking into account
approximately even distribution of sampling points by
geological complexes and soil types. The regional geo-
chemical background for the humus and middle-pro-
file horizons reflects the highly contrasting natural
conditions and geological structure of the island
(Table 5).

The soils of Shikotan are characterized by the high
contents of Na, Mg, Sc, V, Fe, Co, and Cu, which
exceed the clarke for soils [29] by 2—5 times; this is
generally typical of the areas with mafic volcanism
[23]. The concentrations of K, Cr, Ni, Sr, and Ba are
2—3 times lower than corresponding soil clarke values,
and the concentrations of Ca, Zn, Mo, Cd, and Pb are
comparable with clarke values. High concentrations of
V and Sc throughout the island are associated with
mafic volcanic rocks (basalts, gabbro). Important
indicators of rock variability are Mg and Fe, the con-

tents of which in soils range from 2400 to 44400 and
from 6300 to 81900 mg/kg, respectively. An increase
in their concentration occurs in the areas of basaltic
rocks serving as soil parent materials.

Technogenic pollution of soils. A conjugated analysis
of the chemical composition of soils, landscape-geo-
chemical conditions, and sources of anthropogenic
impact showed that, along with natural factors, there is
local anthropogenic pollution, which determines the
variation in the content of metals in the soils of the study
area. On the territory of Krabozavodskoe, sources of
pollution include vehicles, a boiler house, a fish pro-
cessing plant, a heliport, and residential infrastructure.

Profile 4 and the Krabozavodskoe area are located
in homogeneous geological conditions; these samples
were used to compare the statistical characteristics of
the metal content in the surface soil layer. According
to the results of the analysis, a statistically significant
excess of the content of metals in the urbanized area in
relation to the background values was revealed for Co,
Ni, Cu, Zn, Sr, Ba, and Pb. This is the reason to con-
sider these metals as potential pollutants entering the
soil as a result of economic activities in the village. The
level of soil contamination with these metals within
the development area can be represented by the fol-
lowing series (in parentheses, the ratio of the average
EURASIAN SOIL SCIENCE  Vol. 55
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Fig. 7. Regression dependence of the total indicator of soil pollution (Z,.) and the values of the technogenic factor.

values of the content of elements in the organic soil
horizons in the urbanized area and in PR4): Pb (144) >
Ba (6.0) > Ni (4.0) > Zn (3.7) > Cu (3.4) > Sr (3.2) >
Co (2.1). As a rule, pollution is local in nature with a
relatively low background excess. An exception is Pb
with an abnormally high concentration (2370 mg/kg)
in one of the residential areas.

In order to clarify the geochemical structure and
identify contaminated areas, a factor analysis of metal
concentrations in the topsoil was performed for all
samples, including those from the Krabozavodskoe
site. In general, the associativity of metals in the coor-
dinates of the main factors in the topsoil for the back-
ground areas and the Krabozavodskoe site is close to
one another. The first component almost completely
repeats the rock factor of metal contents in conven-
tionally background areas. However, in the second
factor, with the leading role of chalcophile metals,
their association expands due to barium, which, based
on statistical calculations, was assigned to the group of
potential pollutants. This allows us to consider this
factor as a technogenic one. According to the maxi-
mum loads on the second factor, soils characterized by
the technogenic pollution are easily distinguished.
These soils include 14 surface samples from an urban
area. These samples show widespread contamination
with Cu (up to 185 mg/kg), Zn (up to 376 mg/kg),
Pb (up to 2370 mg/kg); some samples are contami-
nated with Ni (42.4 mg/kg), Co (34.8 mg/kg),
Ba (1300 mg/kg), Sr (375 mg/kg), and Cd (0.74 mg/kg).
Within the studied profiles along the tourist routes,
two areas with pronounced metal contamination
have been identified. First, it is the soil in the super-
aquatic (floodplain) position sampled in close prox-
imity to a dirt road at PR4. It is contaminated with
Cu (199 mg/kg) and has a slight excess of the content
of Co (35.8 mg/kg). The second area is in the lower
position of PR6, which is a recreation area for partic-
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ipants in unorganized educational tourism. This top-
soil sample is contaminated with Cu (389 mg/kg),
Cd (1.24 mg/kg), and Pb (189 mg/kg).

The calculation of Z, for the listed samples indi-
cates that the soils are characterized by a low level of
pollution (Z, = 8§—16); at the lower positions of PR6,
soils have a moderate degree of pollution (Z, = 26); in
one of the urbanized areas, where the content of Pb in
the topsoil is 2370 mg/kg, the pollution category is
assessed as very severe (Z, = 156).

Correlation and regression analyses confirmed the
correctness of the interpretation of the technogenic
factor. Correlation coefficient between the value of Z,
and loads on the technogenic factor is 0.78 (the critical
value is 0.46 at p = 0.05). The regression analysis indi-
cates that this dependence is approximated by a loga-
rithmic function with the coefficient of determination
R?>=0.79 (Fig. 7).

Thus, we can talk about the anthropogenic con-
tamination of soils at sampling points 101, 103, 109,
110, 113, 114, and 122 in the area of the Kraboza-
vodskoe settlement, as well as at sampling points 4-1
(Krabovyi Bay—Mount Gorobets) and 6-1 (central
part of Shikotan, near Notoro and Tomari mounts).
The points mentioned adjoin well-trodden roads; at
PR4, the road leads to the old defensive fortifications.
Point 6-1 is located near the parking lot on the way to
Tserkovnaya Bay. The road is actively used by local res-
idents and tourists, the presence of bonfires and parking
spaces has been noted. Sampling point 101 (2 Torgov-
aya Street) is located in close proximity to administra-
tive buildings, a bus stop, the private residential sector,
and cattle grazing areas. Soil contamination with Cu,
Pb, and Ba has been revealed. There are no signifi-
cant infrastructure facilities near sampling point 103
(Krabozavodskoe settlement, corner of the Dachnaya
Street and the local stream), except for the private res-
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idential sector with wooden houses and metal struc-
tures, as well as a bridge over the stream. Pb, Zn and
Cu pollution is probably associated with the traffic
and parking of cars that drive up to the water intake
point (well). An increased concentration of Lead indi-
cates long-term contamination of the soil, copper is
part of the anti-corrosion coatings of cars, zinc is used
in the vulcanization of tires. Pollution at sampling site
109 (Krabozavodskoe, south of Torgovaya Street, areca
between Molodezhnaya and Stroitelei streets) is
explained by its location a few meters from the heli-
pad. Near sampling point 110 (bank of the stream
between Lesnaya and Stroitelei streets), where litter-
ing with household waste was found, the soils are
characterized by an increased content of Cu and Ba.
There are no infrastructure facilities, it is possible
that pollutants enter from the territory located hyp-
sometrically higher, since the nearest buildings and
the road are at a distance of a few tens of meters. At
sampling point 122 (source of the Anama River), Cu
inflow is caused by the oxidation of metal structures
stored nearby.

According to the results of comparison of the total
content of metals in soils of the Krabozavodskoe set-
tlement and background areas, the main indicators of
anthropogenic load are Cu, Zn, and Pb.

CONCLUSIONS

(1) The chemical composition of soils in Shikotan
is characterized by significant contrasts and depends
on the composition of parent rocks, landscape-geo-
chemical position, and, to some extent, oceanic influ-
ence. The soils have high natural contents of fema-
phile elements Sc, V, Fe, Cu, and Zn exceeding corre-
sponding clarke values. The concentrations of K, Cr,
Ni, Sr, and Ba are below clarke valuers, and the con-
centrations of Ca, Mo, Cd, and Pb are comparable to
clarke values.

(2) The leading factor determining the migration
and accumulation of elements in the soils of Shikotan
is the soil pH, which depends on the proportion
between mafic and intermediate rocks in the compo-
sition of parent materials. On basaltoids, alkalization
of soil solutions is noted, which reduces the migration
of metals and leads to an increase in soil tolerance
towards chemical pollution. On andesites (basaltic
andesites), acidification of soils and a decrease in their
buffer capacity are pronounced.

(3) Landscape and geochemical differentiation of
the territory is determined by different types of soils
and diversity of plant communities. The maximum
concentrations of Na, Mg, K, Ca, V, Co, Cu, Sr, and
Ba are characteristic of petrozems (both in organic-
accumulative and in the middle-profile horizons). In

OPEKUNOVA et al.

meadow-soddy soils under halophytic communities,
accumulation of Pb is noted. In burozems and pod-
burs, the concentration of metals mainly corresponds
to the average background values. The change in the
content of metals in the humus horizons is due to the
change in plant communities (alder, birch, and fir—
spruce forests and halophytic meadows). In podburs
and burozems under alder communities, the concen-
trations of Co, Mg, K, V, Fe, Ni, Cu, Ba, and Zn are
higher. Soils under fir—spruce forests are character-
ized by the high Cr content. Soils of halophytic mead-
ows concentrate Na, Ca, Sr, and Pb.

(4) Under conditions of a humid climate and dis-
sected relief, lateral migration of metals proceeds not
only in the form of soluble salts but also in the
mechanical form leading to differentiation of litho-
phile and siderophile elements along the catena. Cr,
Co, and Ni are fixed in the humus horizons of subor-
dinate landscapes, while Cd and Pb tend to accumu-
late in the surface horizons of autonomous landscapes.
In the soils of marine terraces, where the influence of
oceanic air masses is significant, there is an increase in
the acid—base index and in the concentration of met-
als, the cations of which are part of sea water: Na, Mg,
K and Ca.

Anthropogenic pollution of soils, identified on the
basis of statistical analysis, is of a local nature. Among
the studied metals, potential pollutants on the Shiko-
tan island are Co, Ni, Cu, Zn, Sr, Ba, and Pb. Most of
the soil samples from the urbanized area and two sam-
ples from the tourist trails are characterized by the
high contents of metals. Motor vehicles are the main
source of pollution.

FUNDING

This study was supported by the Russian Geographical
Society, project no. 14-2021-R.

CONFLICT OF INTEREST

The authors declare that they have no conflicts of interest.

REFERENCES

1. Atlas of the Kuril Islands, Ed. by P. Ya. Baklanov,
V. N. Bocharnikov, K. S. Ganzei, et al. (IPK “DIK”,
Moscow—Vladivostok, 2009).

2. Yu. N. Vodyanitskii, Heavy Metals and Metalloids in
Soils (Dokuchaev Soil Sci. Inst., Moscow, 2008) [in
Russian].

3. D. P. Vorob’ev, Vegetation of the Kuril Islands (Akad.
Nauk SSSR, Moscow—Leningrad, 1963) [in Russian].

4. V. K. Gavrilov and N. A. Solov’eva, Volcanic-Sedimen-
tary Formations of Geoanticlinal Uplifts of the Lesser and
Greater Kuriles (Nauka, Novosibirsk, 1973) [in Rus-
sian].

EURASIAN SOIL SCIENCE  Vol. 55

No. 12 2022



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

NATURAL AND ANTHROPOGENIC FACTORS OF SOILS CHEMICAL COMPOSITION

G. A. Gladkova and G. N. Butivets, “Forest volcanic
soils of Kunashir Island,” Pochvovedenie, No. 2, 54—
67 (1988).

. M. A. Glazovskaya, Geochemistry of Natural and Hu-

man-Transformed Landscapes (Mosk. Univ., Moscow,
2007) [in Russian].

. V. L. Golov, Cycle of Sulfur and Trace Elements in the

Main Agroecosystems of the Far East (Dal’nauka, Vladi-
vostok, 2004) [in Russian].

. M. Yu. Grishchenko, V. I. Gavrilova, A. M. Kar-

pachevskii, A. Yu. Petrovskaya, and G. M. Leonova,
“Study and mapping of soils and landscapes of the
Veslovsky Peninsula (Kunashir Island, Kuril Islands),”
Izv. Vyssh. Uchebn. Zaved., Geod. Aerofotos’emka 62
(1), 63—69 (2018).
https://doi.org/10.30533/0536-101X-2018-62-1-63-69

. M. Yu. Grishchenko, V. V. Khlyustova, E. A. Izyum-

nikova, and I. V. Kalimova, “Study and mapping of
soils in the southern part of the Sea of Okhotsk sector of
Kunashir Island, Kuril Islands,” Geod. Kartogr., No. 3,
19—27 (2021).
https://doi.org/10.22389/0016-7126-2021-969-3-19-27
A. A. Dymov, E. M. Lapteva, A. V. Kalashnikov, and
S. V. Deneva, “Background content of heavy metals,
arsenic and hydrocarbons in the soils of the Bolsheze-
melskaya tundra,” Teor. Prikl. Ekol., No. 4, 43—48
(2010).

V. V. D’yachenko and I. Yu. Matasova, “Regional
clarkes of chemical elements in soils of southern Euro-
pean Russia,” Eurasian Soil Sci. 49 (10), 1091—1098
(2016).

N. A. Eremenko, Abstract of Candidate’s Dissertation
in Biology (Vladivostok, 2004).

A. M. Ivlev, V. O. Targul’yan, and A. V. Kulikov, “Soils
of Kunashir Island,” in Soil Cover of the Far East (1zd.
Dal’nevost. Otd. Akad. Nauk SSSR, Vladivostok,
1982), pp. 30—49 [in Russian].

N. S. Kasimov and D. V. Vlasov, “Clarks of chemical el-
ements as standards of comparison in biogeochemistry,”
Vestn. Mosk. Univ., Ser. 5: Geogr., No. 2, 7—17 (2015).

A. V. Koloskov, P. I. Fedorov, and O. I. Okina, “New
data on the composition of intrusive rocks on Shikotan
(Small Kuril Ridge),” Vestn. Kamchatskoi Reg. Assots.
Uchebn.-Nauchn. Tsentr. Nauki Zemle 43 (3), 52—65
(2019).

N. M. Kostenkov and V. 1. Oznobikhin, “Soil-geo-
graphical zoning of the Kuril Islands,” Vestn. Sev.-Vost.
Nauchn. Tsentra Dal’nevost. Otd. Ros, Akad. Nauk,
No. 1, 77—83 (2011).

E. V. Linnik, “Reserve "Kurilsky”," Biota Sreda Zapov.
Territ., No. 1, 110—124 (2019).
https://doi.org/25808/26186764.2019.18.97.008

D. V. Moskovchenko, Oil and Gas Production and the
Environment, Ecological and Geochemical Analysis of the
Tyumen Oblast (Nauka, Novosibirsk, 1998) [in Rus-
sian].

A. Yu. Opekunov, M. G. Opekunova, V. V. Somoyv,
E. S. Mitrofanova, and S. Yu. Kukushkin, “The influ-
ence of the development of the Sibay deposit (South
Ural) on the transformation of the flow of metals in
EURASIAN SOIL SCIENCE  Vol. 55

No.12 2022

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

1907

subordinate landscapes,” Vestn. Mosk. Univ., Ser. 5:
Geogr., No. 1, 14—24 (2018).

M. G. Opekunova, A. Yu. Opekunov, S. Yu. Kukush-
kin, and A. G. Ganul, “Background contents of heavy
metals in soils and bottom sediments in the north of
Western Siberia,” Eurasian Soil Sci. 52 (4), 380—395
(2019).

M. G. Opekunova, A. Ju. Opekunov, E. E. Papyan, and
V. V. Somoyv, “Phytoindicational properties of the veg-
etation in landscape transformation studies on Sibay
chalcopyrite deposits (Southern Urals),” Contemp.
Probl. Ecol. 10 (3), 301-314 (2017).

B. N. Piskunov, “The nature of basaltoids of the Great-
er and Lesser Kuril Ridges,” Litosfera, No. 3, 97—109
(2004).

O. V. Polokhin, “The content of trace elements in the
volcanic soils of Simushir Island (Kuril Islands),” in
Proceedings of 5th International Scientific Conference
Dedicated to the 85th Anniversary of the Department of
Soil Science and Ecology of Soils of Tomsk State Univer-
sity (Izd. Tomsk Gos. Univ., Tomsk, 2015), pp. 84—87

O. V. Polokhin and L. A. Sibirina, “Soil and vegetation
cover of Iturup Island (Kuril Islands),” Sovrem. Probl.
Nauki Obraz., No. 5, 618 (2014).

N. G. Razzhigaeva, L. A. Ganzei, N. 1. Belyanina, and
T. A. Grebennikova, “Stratigraphy of peat bog in the
Gorobets River valley and development of natural envi-
ronments of Shikotan Island (Lesser Kurile Ridge) in the
Holocene,” Rus. J. Pac. Geol. 2 (4), 354—8369 (2008).

R. N. Sabirov, N. D. Sabirova, P. S. Ktitorov, G. G. Sav-
chenko, and Yu. N. Sundukov, “Natural monument
“Phyllodendra grove on the island of Shikotan”,” Vestn.
Sakhalin. Muz., No. 1 (22), 284—302 (2015).

Sanitary Rules and Regulations SanPiN 1.2.3685-21,
Hygienic Standards and Requirements for Ensuring the
Safety and (or) Harmlessness of Environmental Factors
Jfor Humans (Federal Center for Hygiene and Epidemi-
ology of Rospotrebnadzor, Moscow, 2021).

E. P. Terekhov, 1. B. Tsoy, A. V. Mozherovskii, and
N. K. Vagina, “Pliocene sediments of Shikotan Island
(Lesser Kuril Ridge),” Stratigr. Geol. Correl. 19 (3),
337-351 (2011).

Requirements for the Geochemical Basis of the State
Geological Map of the Russian Federation of the Scale
1: 1000000 (new edition) (Moscow, 2005).

E. A. Furaev, Candidate’s Dissertation in Geography
(Moscow, 2009).

L. L. Shishov, V. D. Tonkonogov, 1. I. Lebedeva, and
M. 1. Gerasimova, Classification and Diagnostics of Rus-
sian soils (Oikumena, Smolensk, 2004).

M. R. Alfaro, A. Montero, O. M. Ugarte, C. W. Nasci-
mento, A. M. Accioly Aguiar, C. M. Biondi, and Y. J. Sil-
va, “Background concentrations and reference values
for heavy metals in soils of Cuba,” Environ. Monit. As-
sess. 187, 4198—4208 (2015).
https://doi.org/10.1007/s10661-014-4198-3

A. B. Almeida Junior, C. W. A. Nascimento, C. M. Bi-
ondi, A. P. Souza, and F. M. R. Barros, “Background
and reference values of metals in soils from Paraiba



1908

34.

35.

36.

37.

State, Brazil,” Revista Brasileira de Ciencia do Solo,
40, 0150122 (2016).
https://doi.org/10.1590/180696571bcs20150122

C. Bini, G. Sartori, M. Wahsha, and S. Fontana,
“Background levels of trace elements and soil geo-
chemistry at regional level in NE Italy,” J. Geochem.
Explor. 109, 125—133 (2011).

C. Carion, Derivation Methods of Soil Screening Values
in Europe. A Review and Evaluation of National Proce-
dures towards Harmonization (Eur. Commission. Joint
Research Centre, Ispra, 2007).

A. Galuszka, “A review of geochemical background
concepts and an examples using data from Poland,”
Environ. Geol. 52, 861—870 (2007).

D. Heemsbergen, M. Warne, M. McLaughlin, and
R. Kookana, The Australian Methodology to Derive Eco-

logical. Investigation Levels in Contaminated Soils.
CSIRO Land and Water Science Report 43/09, 2009.

38.

39.

40.

41.

42.

EURASIAN SOIL SCIENCE

OPEKUNOVA et al.

1USS Working Group WRB. 2014. World Reference Base
Jfor Soil Resources 2014. International soil classification
system for naming soils and creating legends for soil maps.
World Soil Resources Reports No. 106. E-ISBN 978-92-
5-108370-3 (FAO, Rome, 2014).

A. Kabata-Pendias, Trace Elements in Soils and Plants
(Boca Raton, Taylor & Francis Group, 2011).

R. L. Rudnick and S. Gao, “The composition of the
continental crust,” Treatise Geochem. 3, 1—64 (2003).
K. H. Wedepohl, “The composition of the continental
crust,” Geochim. Cosmochim. Acta. 59 (7), 1217—1232
(1995).

F. J. Zhao, S. P. Mcgrath, and G. Merrington, “Esti-
mates of ambient background concentrations of trace

metals in soils for risk assessment,” Environ. Pollut.
148, 221—-229 (2007).

Translated by D. Konyushkov

Vol. 55 No. 12 2022



	INTRODUCTION
	OBJECTS AND METHODS
	RESULTS AND DISCUSSION
	CONCLUSIONS
	REFERENCES

		2022-12-08T10:00:42+0300
	Preflight Ticket Signature




