SOIL SCIENCE ANNUAL

2020, 71(3), 221-235

https://doi.org/10.37501/s0ilsa/127089

@ BY-NC-ND a

Ecotoxicological state and pollution status of alluvial soils
of St. Petersburg, Russian Federation

Vyacheslav Polyakov'* Oleg Reznichenko', Jakub Kostecki?, Evgeny Abakumov*!

! Department of Applied Ecology, Faculty of Biology, Saint-Petersburg State University, 16th Liniya 29, Vasilyevskiy Island, Saint-Petersburg,

199178, Russian Federation

“University of Zielona Gdra, Institute of Environmental Engineering, 15 Prof. Z. Szafrana St., 65-516 Zielona Géra, Poland

V. Polyakov, slavon6985@gmail.com, ORCID iD: https://orcid.org/0000-0001-6171-3221

Received: 03.06.2020
Accepted: 01.09.2020
Associated editor: J. Antonkiewicz

Keywords

Soil contamination
Urban soil, Technosols
Artificial territory
Podzols

Abstract

According to the main chemical indicators, the soils of the city differ significantly from their natural
analogue. A significant part of the territory of cities is affected by negative processes that affect the
ecological functions of soils. Due to the intensification of the anthropogenic impact, surface air pol-
lution increases, soil profiles are disturbed, acidity and alkalinity change, and the biodiversity of
soil microflora is reduced. This paper presents the results of a study of alluvial urban soils of parks
and the industrial zone located in Saint Petersburg in Russia. A morphological description and the
basic physical parameters of soils are determined. The content of priority toxicants (heavy metals,
benzo[a]pyrene, petroleum products) was conducted, as well as an epidemiological study of soils
for the presence of pathogenic organisms. The data obtained show that heavy metals accumulate
in alluvial soils, about 35% of the studied soils exceeded permissible concentrations. The content of
PAHs in soils also exceeded up to 34 of the maximum permissible concentration. We observe differ-
ences in the sanitary and hygienic conditions of alluvial territories specially designated for recrea-
tional area. According to the results of microbiological studies, pathogenic organisms are present in

soils, but their content varies within acceptable limits of Russian Federation.

1. Introduction

Within the urban ecosystem, soils are distinguished by
composition and properties (Short et al.,, 1986). Natural land-
scapes are transformed into anthropogenic with a local change
in biochemical cycles (accumulation and removal of chemical
elements (Adama et al., 2016; Dymov et al., 2013). Urban soils,
as a depositing component of the urban landscape, accumulate
many trace elements, including heavy metals and metalloids,
as well as organic compounds that are toxic to living organisms
(Kiciniska, 2019). The most common heavy metals (HM) are Cu,
Zn, Ni, Co, Fe, Mn, Pb, Cr, Cd (Ji et al., 2019). Many of them are
biophilic and necessary for the normal functioning of living or-
ganisms, but with a significant increase in their content in the
soil become toxic (Kicinska et al., 2019). Regardless of the soil
type, technogenic territories are characterized by a regressive-
accumulative type of distribution of heavy metals along the soil
profile: metals accumulate in the upper humus horizon of the
soil and a sharp decrease in their concentration to the bottom of
profile (Bi et al., 2006).

According to the main chemical indicators, the soils of the
city differ significantly from their natural analogue (Blume,
1989; Wei and Yang, 2010). The acidity of the root layer of urban
soils varies widely, but soils with a neutral and slightly alkaline
environment prevail. The reaction of the urban soil environ-
ment is higher than that of natural soils (Huot et al., 2013). The
exchange cations are dominated by Ca and Mg. Plant nutrients
(N, P,K) in urban soils are distributed unevenly. High enrichment
of bulk layers and slightly disturbed soils with general nitrogen,
phosphorus and potassium is noted, compared with the natural
soils of the suburbs. In them, enrichment with mobile forms of
elements is also noted (Ge, 1992; Iyengar and Nair, 2000).

The lack of free territories is very noticeable in the coastal
areas of the settlements. This problem is especially relevant for
St. Petersburg, where population density is constantly increas-
ing, infrastructure is developing, and the area of industrial ter-
ritories is growing (Abakumov et al., 2019). For a long period, St.
Petersburg was cut off from the Gulf of Finland by flooded area,
which were often flooded for 1-2 km from the coastline. The
boundaries of the city for a long time did not expand due to the
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flood areas of land surrounding the city, characterized by a high
peat content of soils. From the 60s of the XX century, engineer-
ing and planning work began on leveling the coastline, swampy
shores of the Gulf of Finland in order to form a marine facade in
St. Petersburg (Kapelkina, 2010a).

Alluvial soils of St. Petersburg were studied by Kapelkina
(1994, 2010b). Her works deal with succession vegetation, agro-
chemical and physical properties of soil, in particular in the ter-
ritory of South Seaside Park. Soil forming processes on alluvial
soils, morphological features of the soil cover are described in
detail in the work of Maksimova and Abakumov (2015), also
briefly describes the stages of transformation of the coastal zone
of St. Petersburg, the experience of Russian and foreign coun-
tries. Characteristics of the physicochemical properties of soils
in the alluvial territories of St. Petersburg are provide by Chas-
ovskaya (2007).

For the reclamation of territories, slightly silted fine-grained
dusty sands and sandy loams are used, lining the bottom in shal-
low parts of the bay. Well-drained fine-grained sands serve as the
underlying ground for the alluvial soils, while buried peat bogs
occur on the bottom of the gulf, the presence of which was due
to the transgression and regression of the Baltic Sea. The alluvial
soils contain silty organic particles, plant and animal sediments,
as well as organic matter from plankton and benthos. They con-
tain vegetative parts of plants (stems, rhizomes), as well as seeds
and dust grains. Clay material and organic particles impart sig-
nificant hydrophilicity to alluvial soils, causing slow water loss
(Bogdanov, 2014; Kapelkina, 2010b).

In alluvial soils fractions of fine sand and coarse dust pre-
vail and having a low absorption capacity. The high content of
dusty particles in the composition of the soil gives them low
water permeability and the presence of a small amount of clay
and silty particles increases the water-holding and absorption
capacity, slowing down water loss. Water properties of alluvial
soils (moisture capacity, filtration, capillary elevation height)
are largely determined by the mutual arrangement and granu-
lometric composition of the layers. The heterogeneity and strati-
fication of soils contribute to an increase in the total field wa-
ter capacity of the profile (Li et al., 2014). Due to the stratified
structure of soils, some of which are finely dispersed fractions
forming water-resistant horizons and lead to bogging processes
in landscape. In general, alluvial soils within the alluvial area
are characterized by great heterogeneity and different moisture
capacity (Kapelkina, 2010b; Cappuyns and Swennen, 2007).

The soils of St. Petersburg city parks are formed under the
influence of strong anthropogenic impact. The soils of the recre-
ational territories (the 300th anniversary park of St. Petersburg
and the South Seaside Park) differ in the degree of urbanization,
which determines their disturbance under anthropogenic im-
pact, as well as in agrochemical properties: clay content, acidity,
degree of base saturation, phosphorus and potassium content.
Soils have a relatively high fertility in terms of humus content
(Kapelkina, 2010b).

Soil compaction is typical for anthropogenic soils, espe-
cially park areas due to their high attendance, low porosity, the
introduction of pollutants of anthropogenic origin, including
through the aquatic environment due to the processes of period-
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ic flooding in alluvial territories, invariably cause the formation
of specific characteristics of the studied soils on the territory of
St. Petersburg. According to our hypothesis, the artificial alluvial
territories of St. Petersbhurg are most susceptible to pollution by
heavy metals, PAHs and active anthropogenic impact.

The aim of this work is to assess the sanitary-chemical and
sanitary-microbiological composition of the alluvial territories
of the 300th anniversary park of St. Petersburg, South Seaside
Park, as well as a site free from development near Leninsky
Prospekt. The following tasks were set:

- to investigate the morphometric organization and deter-
mine the taxonomic position of alluvial soils;

- to conduct research on sanitary-chemical indicators of al-
luvial territories;

- to conduct sanitary-microbiological and sanitary-parasito-
logical studies;

- to evaluate the quality of soils in the study area using inte-
grated indicators.

2. Materials and methods

The soil samples of alluvial territories of the city of St. Pe-
tersburg were selected in the territory of the 300th anniversary
park of St. Petersburg, South Seaside Park, as well as in the area
of alluvial territories near Leninsky Prospekt (Fig. 1). In St. Pe-
tersburg, alluvial land is carried out since its inception. At first,
it was required to protect the city from flooding. Later, artifi-
cial areas were created for the construction of port facilities.
Washed soils were actively used in the 1970s and 80s in green
building, some of which have been cultivated for some 40 years
now, and some of the abandoned lands that have been washed
up undergo self-overgrowing. In total, for these years about 500
hectares were created by washing.

The sampled soils were isolated and sampled in the study
areas, the sampling points correspond to different positions in
the landscape.

The study areas belong to different functional zones of the
city (recreational and industrial) in areas free from asphalt. The
thickness of the studied soils depended on the depth of stratifica-
tion by overcompacted soils. In the area of beaches, soils were
selected from the upper horizons (0-20 cm). Sample preparation
was carried out according to the standard procedure, air dry
samples were sieved through a 1 mm sieve.

Laboratory analysis of soils were carried out in the Center
for Hygiene and Epidemiology in the Leningrad Oblast in the
Lomonosov in accordance with the basic requirement of the in-
ternational standard ISO 9000. Laboratory determination of par-
ticle size distribution was carried out in accordance with WRB
FAO (2015). The determination of the content of (Zn, Cu, Pb, Ni,
Cd) and metalloids (As) in the soil was carried out in accordance
with the method inversion voltammetry on TA analyzers. To ex-
tract heavy metals and metalloids, 1M HNO, was used. The pH of
the salt suspension was determined by a potentiometric method
with a glass electrode. The benzo[a]pyrene content was deter-
mined on a Fluorat-02 liquid chromatograph. The pH of the salt
extract was determined by a potentiometric method with a glass
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Ecotoxicological state and pollution status of alluvial soils St. Petersburg

Fig. 1. The study area of St. Petersburg. A — 300th anniversary Park; B - South Seaside Park; C — alluvial territory near Leninsky Prospect

electrode using the Multitest IPL-301. The content of PP (petro-
leum product) in the soil was conducted on the fluorometric de-
tector Fluorat 02-3M. The assessment of HM, bezo(a)pyrene and
PP pollution was carried out by comparing the obtained data
with existing hygienic standards and background contents. The
soil contamination index with heavy metals and metalloids Zc
was calculated according to SanPiN 4266-87 (Table 1).

The accuracy index (the limits of the relative error at
a probability of P = 0.95) of determination for heavy metals and
metalloids by this method is +30%. The indicator of the accu-
racy of the determination of petroleum products is +34%. The
bezo(a)pyrene determination accuracy is +24%. Measurements
were performed in five replicates (n = 5) (MU 31-18 / 06; PND
F 16.1.21-98; PND F 16.1: 2: 2.2: 3.39-03).

The of level of environmental danger of contamination of
urban soils with a complex of heavy metals and metalloids was

Table 1

carried out based on the total chemical contamination index (Zc)
(SanPiN 4266-87; Vodyanitsky and Yakovlev, 2011). Calculation
of Zc index is performed using the following Eq (1-2).

Zc=iKc—(n—1) )
i=1

where Kc - the concentration coefficient of the i-th chemical ele-
ment, n is the number equal to the number of elements entering
the geochemical association.

Ci
Kc=—" (2)
Cback

where Ci - the actual content of the element, C

ek — S€0chemical
background.

Estimated scale of the danger of soil pollution by total pollution indicator (Zc) according to SanPiN 4266-87

Soil pollution category Zc Changes in population health indicators in center of pollution

Permissible <16 The lowest level of morbidity in children and the minimum frequency of occurrence of functional
deviations

Moderately dangerous 16-32 Increase in overall morbidity

Dangerous 32-128 Increase in overall morbidity, the number of frequently ill children, children with chronic diseases,
impaired functional disorders of the cardiovascular system

Extremely dangerous >128 The increase in the incidence of the child population, impaired reproductive function of women (an

increase in toxicosis during pregnancy, the number of premature births, stillbirths)

223



Polyakov et al.

The geo-accumulation pollution index (Muller 1998) was
also calculated. This index is widely used to study pollution
levels of trace metals in soils. It enables the assessment of con-
tamination by comparing current and pristine concentrations
of the contaminants. Calculation of geo-accumulation index is
performed using the following Eq (3).

Igeo=1og, % 3)

where Cn is the concentration of the trace element in the en-
riched sample (mg-kg"); Bn is the geochemistry background
value of the same element in soil (mg-kg™); k is the factor intro-
duced to minimize the effect of possible variations of soil back-
ground value due to lithogenic effects, the recommended value
is 1.5. The degree of soil pollution is assessed according to seven
contamination classes (Forstner et al., 1990) in order of increas-
ing numerical value of the index as shown in Table 2.

Table 2
Classes of geo-chemical index according to Forster et al., 1990

Igeo Igeo Pollution level

class value

0 Igeo <0 Practically unpolluted

0 0<Igeo<1 Practically unpolluted to moderately polluted
0 1<Igeo<2 Moderately polluted

0 2 <Igeo<3 Moderately polluted to highly polluted

] 3<Igeo<4 Highly polluted

0 4 <Igeo<5 Highly polluted to extremely polluted

0 Igeo>5 Extremely polluted
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The level of microbiological contamination of the studied
soils was determined in accordance with SanPiN 2.1.7.1287-03,
MU 31-18/06 according to the following indicators: Determina-
tion of Coli Bacteria in soil by membrane filtration (MR FTs 4022-
04), determination of pathogenic enterobacteria of the genera
Salmonella and Shigella (MR FTs 4022-04), determination of en-
terococci by the titration method (MR FTs 4022-04), soil analysis
of helminth eggs by Vasilkova’s method and Getter (MR FTs 4022-
04), soil testing for intestinal protozoa cysts Padchenko Method
(MR FTs 4022-04).

Correlation coefficients were calculated with p = 0.05.

3. Results and discussion
3.1. Morphological characteristic of study soils

The studied soils in alluvial territories in the 300th anniver-
sary park of St. Petersburg were classified by Technosols. In the
territory of South Seaside Park, a profile of newly formed soil
formed on alluvial soil was described. Soil formation in alluvial
territories is subordinate to the zonal factor of soil formation,
in connection with this Podzol is formed. In the industrial zone,
soils were also classified as Technosols, which is associated with
a high anthropogenic impact in the area (Fig. 2). The morpho-
logical description of the studied soils is presented in Table 3.

The density of the solid phase is one of the fundamental
characteristics of the soil, reflecting its mineralogical and chemi-
cal compositions (Ufimtseva et al., 2011). The content and distri-
bution of particle size fractions affect the physicochemical and
water-physical properties of soils, the nature of redox processes
that determine the mobility and availability of elements in the
soil profile and their migration (Chen et al., 2005). The density
and particle size distribution of the studied soils are presented
in Table 4.

Fig. 2. Morphological diversity of study soils. A — 300th anniversary park; B — South Seaside Park; C - Undeveloped area near Leninsky Prospekt
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Table 3
Description of the studied soil.

Ecotoxicological state and pollution status of alluvial soils St. Petersburg

Study area Soil ID

Coordinates

Depth,cm  Horizon Description Soil name

300th anniversary park 1

59°59'08.00" N
30°11'22.83" E

0-10 Au Organic horizon with presence of urban Technosols
and other human-made materials

2 59°59'08.77" N 0-10 Au Organic horizon with presence of urban Technosols
30°11'19.44"E and other human-made materials
3 59°58'57.95" N 0-10 Au Organic horizon with presence of urban Technosols
30°11'35.97" E and other human-made materials
10-20 Bu Mineral horizon with presence of urban
and other human-made materials
20-50 B/C Transition horizon to parent rock
4 59°59'01.59” N 0-10 Au Organic horizon with presence of urban Technosols
30°11'37.82" E and other human-made materials
5 59°58'57.88" N 0-10 Au Organic horizon with presence of urban Technosols
30°11'49.25" E and other human-made materials
6 59°58'55.33" N 0-10 Au Organic horizon with presence of urban Technosols
30°11'54.04" E and other human-made materials
7 59°58'55.94" N 0-10 Au Organic horizon with presence of urban Technosols
30°12'06.94" E and other human-made materials
8 59°58'50.69” N 0-10 Au Organic horizon with presence of urban Technosols
30°12'13.97" E and other human-made materials
9 59°58'53.86" N 0-10 Au Organic horizon with presence of urban Technosols
30°12'23.32" E and other human-made materials
South Seaside Park 10 59°51'20.36" N 0-3 (0] Undecomposed litter Podzol
30°09'55.78" E
3-12 E Mineral horizon, loss of silicate clay, iron,
aluminium.
12-29 Bs Mineral horizon with illuvial accumulation
of sesquioxides
29-51 B/C Transition horizon to parent rock
51-63 C Parent material
63-91 Cg Parent material with stagnic conditions
Undeveloped area near 11 59°52'06.67" N 0-10 Au Organic horizon with presence of urban Technosols
LeninskyProspekt 30°10'34.09" E and other human-made materials
10-20 Bu Mineral horizon with presence of urban
and other human-made materials
20-30 B/C Transition horizon to parent rock
12 59°52'07.18" N 0-10 Au Organic horizon with presence of urban Technosols
30°10'30.85" E and other human-made materials
10-20 Bu Mineral horizon with presence of urban
and other human-made materials
20-30 B/C Transition horizon to parent rock
13 59°52'11.64" N 0-10 Au Organic horizon with presence of urban Technosols

30°10'27.91" E

and other human-made materials

10-20 Bu Mineral horizon with presence of urban
and other human-made materials

20-30 B/C Transition horizon to parent rock
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Table 4
Physical properties of study soils. Soil ID correspond to Table 3

Soil ID Depth, Granulometric composition, %  Solid Density,
cm Sand Clay Dust phas.e gem?
density,
g-cm™
300th anniversary park, Technosols
1 0-10 53 25 22 2.67 1.00
2 0-10 59 28 13 2.72 1.38
3 0-10 67 21 12 2.78 1.02
10-20 60 23 17 2.59 0.82
20-50 57 22 21 2.63 0.99
4 0-10 71 20 9 2.65 0.67
5 0-10 64 16 20 2.67 0.62
6 0-10 73 17 10 2.71 0.77
7 0-10 63 24 13 2.68 1.06
8 0-10 71 19 10 2.73 0.91
9 0-10 71 17 12 2.72 0.85
South Seaside Park, Podzol
10 0-3 53 25 22 2.74 0.58
3-12 69 16 17 2.78 1.03
12-29 68 22 10 2.76 1.05
29-51 71 14 17 2.74 1.04
51-63 69 19 12 2.71 0.80
63-91 41 48 11 2.67 1.32
Undeveloped area near Leninsky Prospekt, Technosols
11 0-10 68 25 7 2.71 1.41
10-20 78 12 10 2.69 1.05
20-30 73 19 8 2.67 0.85
12 0-10 59 30 11 2.64 1.12
10-20 67 22 11 2.63 0.62
20-30 63 29 8 2.57 0.77
13 0-10 71 20 9 2.67 1.09
10-20 64 25 11 2.64 1.05
20-30 68 20 12 2.62 0.62

The density of the solid phase in the studied soil samples
ranges from 2.57 to 2.78 g-cm3, increasing in the middle and bot-
tom parts of the profile. According to Stroganova, the density
of the solid phase of soils in urban soils of Moscow varies from
2.47 to 2.73 g-cm (Shikhova, 2005). The data shown in Table 3
show that the soil had a density from 0.58 to 1.41 g-cm™ with the
highest values in the alluvial soils, in the Cg horizon in the South
Seaside park, where is excessive compaction due to eluvial-il-
luvial processes occurs. In contrast to the United States, where
2/3 of urban soil samples have a density more than 1.6 g-cm™
(Inman and Parker, 1978), none of our samples exceeded 1.41
g-cm™, which indicates less compaction.
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All territories are subject to anthropogenic impact, in parks
it is expressed as recreational services (a large flow of people),
which results in soil compaction, which is especially noticeable
in the upper soil layers (Scharenbroch et al., 2005). The density
of the upper soil horizon on the territory of Leninsky Prospekt is
1.41 g-cm®, which is the maximum value and can be associated
with the frequent use of the undeveloped zone as an easily ac-
cessible and unattended recreational zone. Most of the studied
soils are sandy loam. In areas where a change in physicochemi-
cal conditions occurs, such as in soil examined in the South Sea-
side Park, characterized by a heavy granulometric composition,
the formation of geochemical barriers is possible due to the stag-
nant type of water regime. These conditions contribute to the ac-
cumulation of trace metals, iron and aluminum oxides. In some
areas of the studied territories stagnic conditions is observed.
The high content of dusty particles in the soil gives them low
water permeability, and the presence of a small amount of clay
and silty particles increases the water-holding and absorption
capacity and leads to waterlogging conditions in the territory.

3.2. Heavy metals in study soils

The content of HM in urban soils is caused by different
sources: 1) parent rocks; 2) alluvial soils; 3) atmospheric precipi-
tation, etc. (Sodango et al., 2018). The transfer and accumulation
of atmospheric aerosols and technogenic dust is adjusted by the
height and character of the buildings, the between the buildings,
the ratio of asphalt and green areas (Kapelkina, 2010b). The data
of heavy metals and metalloids content are presented in Table 5.

From the studied heavy metals and metalloids content, 35%
of the samples don’t correspond to the standard values. The
highest concentrations of pollutants were found in soils of al-
luvial territories near Leninsky Prospekt. In almost all soil sam-
ples, maximum permissible concentration (MPC) is exceeded
for Cu, Pb, Ni, Zn. For St. Petersburg, there is an acute problem
of soil contamination with zinc and lead, 42.3% of the samples
taken during the study are characterized by excess MPC. On the
territory of St. Petersburg, the main sources of soil pollution by
HM are emissions from glass, paint and varnish industries. In
addition, high levels of lead pollution are noted near highway.
Significant amounts of this element and other heavy metals and
metalloids accumulate in the roadside at a distance of 30 m from
the road (Sezgin et al., 2003).

A study of the distribution of HM along the soil profile
showed their migration and accumulation in the bottom hori-
zons, which is clearly seen in lead and cadmium, for the ter-
ritories of Leninsky Prospekt and the section in South Seaside
Park. The remaining elements found in the section of the South
Seaside Park are characterized by an uneven distribution of
chemical elements in different genetic horizons. An increased
content of HM in the O horizon is noted, then a decrease in the
concentration in the E, Bs horizons, and increase in the in the
B/C and C horizons, which is most likely due to the accumulation
of chemical elements here due to the presence of water border
in the underlying horizon Cg, as well as an increase in pH and a
change in acid conditions (Sposito, 1989), which is the reason for
the formation of a geochemical barrier here.
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Table 5

The content of heavy metals and metalloids in study soils. Soil ID correspond to Table 3

Ecotoxicological state and pollution status of alluvial soils St. Petersburg

Soil ID Depth,cm  pH Cu Pb cd As Ni Zn
mg-kg!
300th anniversary park, Technosols
1 0-20 7.07 1.90 3.00 0.10 1.06 3.50 321
2 0-20 7.16 - 11.8 - 1.17 4.00 24.7
3 0-10 7.58 - 8.00 - 1.12 4.10 32.0
10-20 7.76 3.20 4.00 0.13 1.26 3.20 21.9
20-50 7.90 4.10 3.00 0.10 1.3 3.00 27.6
4 0-20 7.34 - 1.40 - <1 2.90 19.0
5 0-20 7.68 2.80 7.00 - <1 3.00 18.0
6 0-20 6.50 3.22 9.00 0.12 <1 3.80 14.5
7 0-20 6.20 4.56 114 0.11 1.09 3.50 18.6
8 0-20 6.15 2.30 2.80 0.10 <1 2.80 194
9 0-20 6.54 2.90 4.30 0.13 <1 2.90 38.0
Min. - 6.15 1.90 1.40 0.10 1.06 2.80 14.5
Max. - 7.90 4.56 11.8 0.13 1.30 4.10 38.0
Mean - - 3.12 5.97 0.11 1.17 3.34 24.2
S.D. - 0.61 0.82 348 0.01 0.09 0.45 7.04
South Seaside Park, Podzol
10 0-3 6.14 4.30 9.20 0.12 <1 9.30 18.5
3-12 6.60 3.34 2.20 0.40 <1 4.20 22.1
12-29 6.90 2.95 3.10 0.15 <1 3.50 23.0
29-51 7.07 3.06 3.60 0.17 <1 2.90 24.7
51-63 7.38 2.47 3.60 0.11 <1 3.80 31.8
63-91 7.60 2.04 2.00 - <1 3.00 17.0
Min. - 6.14 2.04 2.00 0.11 0.00 2.90 17.0
Max. - 7.60 4.30 9.20 0.40 0.00 9.30 31.8
Mean - - 3.03 3.95 0.19 - 4.45 22.9
S.D. - 0.48 0.71 2.43 0.11 - 2.21 4.78
Undeveloped area near Leninsky Prospekt, Technosols
11 0-10 8.04 3.12 46.8 0.10 3.13 18.9 87.0
10-20 7.39 12.60 52.3 0.14 2.08 17.3 79.3
20-30 7.78 7.98 78.0 0.19 <1 18.0 65.1
12 0-10 7.26 3.64 45.8 0.13 2.47 19.4 79.1
10-20 6.40 4.20 53.2 0.15 1.56 20.1 40.0
20-30 7.85 5.50 67.2 0.24 - 18.7 39.0
13 0-10 7.23 4.34 74.9 0.12 <1 21.0 69.5
10-20 6.98 1.50 10.7 0.16 <1 17.3 67.0
20-30 8.01 - 56.6 0.18 <1 17.8 45.3
Min. - 6.40 1.50 10.7 0.10 1.56 17.3 39.0
Max. - 8.04 12.6 78.0 0.24 3.13 21.0 87.0
Mean - - 5.36 53.9 0.16 2.31 18.7 63.5
S.D. - 0.51 3.25 18.8 0.04 0.57 1.20 16.9
MPC’ 3 32 0.5 2 4 23
Background** 8 6 0.05 1.5 6 28

“-“not detected, MPC — maximum permissible concentration

*MU 2.1.7.730-99, **Sorokin et al., 2012
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The surface horizon contains less HM, which can be asso-
ciated with their leaching and with the fact that plants extract
heavy metals and metalloids by the root system and accumulate
them in the biomass (Suman et al., 2018). For a comprehensive
analysis of the degree of chemical pollution of the studied soils,
the index Zc and Igeo were calculated. The results are presented
in Table 6.

From the studied samples, the highest indicators of total soil
pollution are noted in samples taken in areas of alluvial territo-
ries near Leninsky Prospekt (Ne 11-13). Three samples belong to

Table 6
Soil pollution index. Soil ID correspond to Table 3

SOIL SCIENCE ANNUAL

the moderately dangerous pollution category, while in the ter-
ritory of the 300th anniversary park of St. Petersburg and the
South Seaside park, none of the samples exceeds the permissible
pollution category. The Igeo index varies quite widely among the
studied horizons. The most severe pollution is presented in the
undeveloped area near Leninsky Prospekt. Hazardous concen-
trations are noted for lead, cadmium and nickel. That is due to
the proximity of this zone to the power plant. The high pollution
level of the territory is caused by lead (Igeo = 8.03), and its prox-
imity to the highway can affect its accumulation.

Soil ID Depth, Igeo Zc index
cm Cu Pb cd As Ni Zn
300th anniversary park, Technosols
1 0-20 -2.65 -1.58 0.41 -1.08 -1.36 -0.38 Permissible
2 0-20 0 0.39 0 -0.94 -1.16 -0.76 Permissible
3 0-10 -3.45 -2.92 -1.21 -2.63 —4.21 -1.93 Permissible
10-20 Permissible
20-50 Permissible
4 0-20 n/a -2.68 n/a n/a -1.63 -1.14 Permissible
5 0-20 -2.09 -0.36 n/a n/a -1.58 -1.22 Permissible
6 0-20 -1.89 n/a 0.67 n/a -1.24 -1.53 Permissible
7 0-20 -1.39 0.34 0.55 -1.04 -1.36 -1.17 Permissible
8 0-20 -2.38 -1.68 0.41 n/a -1.68 -1.11 Permissible
9 0-20 -2.04 -1.06 0.79 n/a -1.63 -0.14 Permissible
South Seaside Park, Podzol
10 0-3 -12.15 -8.35 5.82 n/a —6.87 -5.45 Permissible
3-12 Permissible
12-29 Permissible
29-51 Permissible
51-63 Permissible
63-91 Permissible
Undeveloped area near LeninskyProspekt, Technosols
11 0-10 —-2.46 8.03 2.65 0.36 3.01 2.59 Permissible
10-20 Permissible
20-30 Moderately
dangerous
12 0-10 -4.36 7.81 3.47 -0.39 3.32 0.73 Permissible
10-20 Permissible
20-30 Moderately
dangerous
13 0-10 —4.46 5.95 3.03 n/a 3.14 1.51 Permissible
10-20 Permissible
20-30 Moderately
dangerous

*n/a-not available (low concentration)
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3.3. Monitoring of bezo(a)pyrene and petroleum product in
the soils of the alluvial territories of St. Petersburg

Among the priority pollutants of the urban environment,
one of the leading places is occupied by polycyclic aromatic
hydrocarbons (PAHs) — high molecular weight organic com-
pounds of the benzene series, differing in the number of ben-
zene rings from 2 to 7. Some PAHs are considered super pol-
lutants of the natural environment and among them 16 com-
pounds are included by the European Union and the Agency
US Environmental Protection Agency (US EPA) on the standard
list of priority toxicants (Zelincova and Wenzl, 2015). In Russia,
rationing the content and indication of carcinogenic PAHs in
soils during monitoring of the urban environment is carried
out only for one compound - benzo[a]pyrene, the maximum
permissible concentration of which is 0.02 mg-kg™* in soils (MU
2.1.7.730-99).

3,4-benzolalpyrene is a highly toxic, carcinogenic and mu-
tagenic substance classified as, has good penetration into the
cells of living organisms and has the property of bioaccumu-
lation (Abdel-Shafy and Mansour, 2016). 3,4-benzo[a]pyrene is
formed as a by-product of the thermal processing of organic raw
materials and fuel combustion. The content of benzo[alpyrene
in the gases of thermal power plant boilers is from 1 to 4 pg/100
m?, fuel oil from 2 to 40 ug/100 m3, coal from 30 to 140 ug/100 m?
(Mikhailova et al., 2016).

The “idle move”, “acceleration” and “braking” from
cars contribute to increased emission of concentrations of
benzo[a]pyrene with the exhaust gases of the gasoline engine
—4000 pg/100 m?, 10.000 pg/100 m*and 28.000 pg/100 m?, respec-
tively (Mikhailova et al., 2016). It is estimated that 100 grams
of used tires contain up to 1.2 mg of benzo[a]pyrene. Each kil-
ometer of the route annually produces 30 kilograms of finely
divided particles that settle on the soil. The main depot for
benzo[a]pyrene in urban landscapes are soils with well-defined
barrier functions that contribute to the fixation of PAHs in sur-
face horizons (Mikhailova et al., 2016; Nikiforova and Koshel-
eva, 2011). The content of benzo[a]lpyrene from study soils are
presented in Table 7.

The data obtained indicate that greatest contribution to
the total level of soil pollution in St. Petersburg is made by
3,4-benzolalpyrene (concentrations up to 34 MPC). Maximum
excesses were observed in the surface horizons on the unde-
veloped territory of Leninsky Prospekt, where the highway
and the South-Western power plant are placed nearby. The in-
creased content of PAHs is characteristic of soils located in an
area with a high degree of urbanization, a large technogenic
load due to industrial production. It was found that in soils it
is accumulated mainly in layers of 0-10 and 10-20 cm. Deeper
than 20 cm from the surface, benzo[a]lpyrene was found with
a content of not more than 0.28 pg-kg™, which indicates a low
migration ability of the PAHs. In general, according to stud-
ies (Shamilishvily et al., 2018), the highest concentrations of
benzo[a]pyrene are observed in the surface layers of soils and
this is probably due to the fact that humus horizons contain-
ing the largest amount of organic substances have a higher
sorption capacity. However, we also found benzo[a]pyrene in a

Ecotoxicological state and pollution status of alluvial soils St. Petersburg

deeper horizon (51-63 cm) in the amount of 13.4% (0.39 pg-kg™)
of the total content in the section of the South Seaside Park.

In the residental areas, as well as in the parks, the mass con-
centrations of all types of PAHs are much less, but the duration
of exposure to the pollution source, as well as the fact that PAHs
are carried mainly by air currents, lead to an increase in the
content of PAHs in soils (Lodygin et al., 2008; Syed et al., 2017).
Therefore, in the South Seaside Park and the 300th anniversary
park, we can observe the excess of the MPC to 7 and 9, respec-
tively. These excesses may be associated with air emissions from
urban transport and industry.

Table 7
The content of bezo(a)pyrene in the soils of the alluvial territories of St.
Petersburg. Soil ID correspond to Table 3.

Soil ID Content of Content of

benzo[alpyrene ug-kg?  MPC

Depth, cm

300th anniversary park, Technosols

1 0-20 185 9.0
2 0-20 61 3.0
3 0-10 43 2.0

10-20 33 1.5

20-50 4.0 0.2
4 0-20 171 8.5
5 0-20 59 3.0
6 0-20 44 2.0
7 0-20 40 2.0
8 0-20 75 3.5
9 0-20 158 8.0

South Seaside Park, Podzol

10 0-3 140 7.0
3-12 102 5.0
12-29 3.0 0.15
29-51 5.0 0.25
51-63 39 2.0
63-91 2.0 0.1

Undeveloped area near Leninsky Prospekt, Technosols

11 0-10 619 31
10-20 538 27
20-30 6.0 0.3

12 0-10 682 34
10-20 604 30
20-30 28 1.5

13 0-10 537 27
10-20 411 24
20-30 4.0 0.2

MPC - maximum permissible concentration
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The most effective decomposition of PAHs occurs in acidic
soils. In the soil with pH 4.5 in the first 10 days from 95 to 99%
of the benzo[alpyrene is destroyed, while in soil with a pH of
7.2 — from 18 to 80% (Gabov et al., 2004). This can also be ob-
served in the studied parks, where the pH is lower than in the
area of Leninsky Prospekt. In the absence of UV radiation and
strong chemical oxidants, the main role in the processes of PAH
degradation belongs to biological systems. Hundreds of varieties
of bacteria, fungi, and higher plants were identified that used
PAHs as a carbon-containing substrate to provide themselves
with free energy.

The increased PAH contents in the soils of St. Petersburg are
close to their levels in a number of urban soils in Moscow (Niki-
forova and Kosheleva, 2011). Comparing with the results of the
study of the soils of Vasilievsky Island, St. Petersburg (Lodygin et
al., 2008), we can conclude that the results obtained are gener-
ally in good agreement for parks and areas with a characteristic
high traffic load.

The development of the oil and gas sector in St. Petersburg
may lead to environmental pollution by petroleum products (PP).
In general, oil pollution has a significant effect on microbiologi-
cal and biochemical processes in the soil; with a high degree of
oil pollution, the vital activity of most plants, fungi, and microor-
ganisms, including their enzymatic activity, is inhibited (Gabov
et al,, 2007). In the process of interaction of pollutant with soil,
the qualitative and quantitative composition of microbiocenosis
changes. Soils saturated with petroleum products lose their abil-
ity to absorb and retain moisture (Hewelke et al., 2018). Data on
the content of petroleum products in the studied soils are pre-
sented in Table 8.

As a result, none of the studied soil samples revealed an
excess of the MPC for the content of petroleum products. How-
ever, it should be noted that large concentrations of PP in soils
located in the 300th anniversary park in comparison with other
sites. The lowest content of PP is noted in soil samples taken in
areas of alluvial territories near Leninsky Prospekt. The low
concentrations determined during the studies are most likely
due to the fact that the oxidation of petroleum products begins
immediately after it enters the soil (Hewelke et al., 2018). Sum-
marizing data on the content of hexane-soluble PPs in the soil
it can be noted that 3.8% of the samples do not correspond to
the background values (Shakhverdov and Shakhverdova, 2015),
however, all concentrations agree the requirements of the cur-
rent standard, which makes it possible to classify the study areas
as “acceptable pollution levels” (Ministry of the Environment...,
1993) , which is correspond to Sorokin (2012), where the study
areas are assigned to zones with a content below 250 mg-kg™.

3.4. Microbiological properties of study soils

Biological soil contamination is the result of the accumula-
tion in the soil of pathogens of infectious and invasive diseases,
as well as insects and ticks, carriers of pathogens of human,
animal and plant diseases in quantities. It represents a potential
danger to the health living organisms (MU 2.1.7.730-99). To as-
sess the degree of biological pollution of soils, sanitary-bacterio-
logical and sanitary-parasitological indicators are used (Tab. 9).
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Table 8
The content of petroleum products in alluvial soils of St. Petersburg. Soil
ID correspond to Table 3

Soil ID Depth, cm Content of petroleum

products, mg-kg ™

300th anniversary park, Technosols

1 0-20 20.5
2 0-20 5.15
3 0-10 25.3

10-20 35.5

20-50 11.0
4 0-20 50.5
5 0-20 27.8
6 0-20 13.6
7 0-20 16.3
8 0-20 37.8
9 0-20 12.2

South Seaside Park, Podzol

10 0-3 214
3-12 5.65

12-29 9.25

29-51 4.67

51-63 5.00

63-91 7.37

Undeveloped area near Leninsky Prospekt, Technosols

11 0-10 7.79
10-20 2.71
20-30 3.94
12 0-10 7.49
10-20 0.41
20-30 3.90
13 0-10 0.36
10-20 0.28
20-30 0.18

Microbial contamination of the soil directly and/or indirect-
ly affects a people and living conditions. Sanitary and epidemio-
logical requirements for soil quality in various territories are
described in a number of official documents (MU 2.1.7.730-99,
SanPiN 2.1.7.1287-03). They substantiated the regulations and
standards for the permissible content of microorganisms.

Direct sanitary-bacteriological indicators of the epidemic
danger of the soil are agents of intestinal diseases of humans
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Table 9
The degree of biological pollution of soils. Soil ID correspond to Table 3.

Ecotoxicological state and pollution status of alluvial soils St. Petersburg

Soil ID Depth, cm Index Coli bacteria  Pathogenic Enterococcus Helminth eggs Cysts of pathogenic
(colony-g™) flora Index (instance-kg™) protozoa (in 100 g of soils)
300th anniversary park, Technosols
1 0-20 11 - 5 - -
2 0-20 6 - 2 - -
3 0-10 <1 - <1 - -
10-20 - - - - -
20-50 - - - - -
4 0-20 <1 - <1 - _
5 0-20 <1 - <1 - -
6 0-20 2 - <1 - -
7 0-20 <1 - <1 - -
8 0-20 4 - <1 - -
9 0-20 <1 - <1 - _
South Seaside Park, Podzol
10 0-3 5 - <1 - _
3-12 - - - - _
12-29 - - - - -
29-51 - - - - _
51-63 - - - - -
63-91 - - - - -
Undeveloped area near Leninsky Prospekt, Technosols
11 0-10 90 - 50 - -
10-20 - - - - -
20-30 - - - - -
12 0-10 70 - 35 - —
10-20 - - - - -
20-30 - - - - -
13 0-10 20 - 15 - -
10-20 - - - - -
20-30 - - - - -
MPC Less 10 Not available Less 10 Up to 10 instance\kg  Not available

“-“not detected, MPC — maximum permissible concentration

and domestic animals — salmonella and other pathogenic entero-
bacteria. In our study, inoculation on pathogenic flora revealed
alack of growth, which corresponds to established standards
(MU 2.1.7.730-99).

Indirect bacteriological indicators characterize the inten-
sity of a foreign biological load on the soil. These are sanitary
indicative microorganisms (SIMs) — common coliform bacte-

ria or coli bacteria (CB), estimated by the coli index and fecal
streptococci, evaluated by the enterococcus index. As a result of
growing inoculation on differential breeding ground and iden-
tification, growth of both coliform bacteria and enterobacteria
was detected. The CB index ranged from 1 to 90. The enterococ-
cus index was from 1 to 50. In the studied parks, the values of
these indices did not exceed or were at the border of 10, which
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allows them to be classified as “clean”, according to current
standards (Sokolov and Sokolov, 2014). A satisfactory degree of
the epidemic hazard of the studied soils in the parks is appar-
ently due to the fact that hygienic requirements for soil quality
are established primarily for the most significant territories,
which include recreation areas, including parks, for them are
legally assigned rules for maintaining specially designated ter-
ritories (SanPiN 2.1.7.1287-03). The data obtained of soils in the
undeveloped territories of Leninsky Prospekt significantly dif-
fer from those obtained during research in the area of the parks
of South Seaside and the 300th anniversary of St. Petersburg
and correspond to the “moderately dangerous” class (SanPiN
2.1.7.1287-03). All excesses are concentrated in the horizon of
0-10 cm, where the CB indices are from 90 to 20 as they move
away from residential buildings and the highway, and entero-
coccal indices from 50 to 15 with a similar decrease from the
first to the third point of the study. In large cities and settle-
ments with a high population density, the biological load on the
soil is very high, and as a result, the SIMs indices are high. The
increased number of SIMs indicate inappropriate walking of
domestic animals, the use of recreational areas, etc. Account-

Table 10
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ing for the number of coliform bacteria and enterococci allows
you to indirectly control the degree of soil contamination with
pathogenic bacteria, since (like SIM) the main sources of their
entry into the soil (directly or with runoff) — these are sick peo-
ple and animals, as well as carriers of pathogens (Sokolov and
Sokolov, 2014).

Soil recovery from pathogens can occur as a result of expo-
sure to adverse environmental conditions, the lack of the neces-
sary nutrient substrate and, importantly, the antagonistic effect
of the soil biota — bacteriophages, parasitic bacteria and proto-
zoa. When some pathogens enter the rhizosphere of a number of
plants, either their more rapid death occurs, or, on the contrary,
their survival time increases (Sokolov and Sokolov, 2014).

3.5. Statistical data processing

Statistical processing on the content of chemical elements
in the studied soils was carried out using the method of correla-
tion analysis. Based on the correlation, one can hypothesize that
the relation between all possible values of X and Y is linear. The
statistical data are presented in Table 10.

Correlation coefficients for the 300th anniversary park of St. Petersburg, South Seaside Park, Leninsky Prospekt.

For values of correlation coefficients depending on the mark with an asterisk significant at p = 0.05

p=0.05 Cu Pb cd As Ni Zn
300th anniversary park of St. Petersburg

Cu 1.00 0.01 0.75 0.17 -0.35 -0.18
Pb 1.00 -0.20 0.03 0.73 -0.22
Ccd 1.00 0.12 -0.26 0.09
As 1.00 0.17 0.17
Ni 1.00 0.06
Zn 1.00
South Seaside Park

Cu 1.00 0.80 0.41 - 0.84 -0.24
Pb 1.00 -0.16 - 0.93 -0.20
cd 1.00 - 0.00 0.14
As 1.00 - -

Ni 1.00 -0.33
Zn 1.00
Leninsky Prospekt

Cu 1.00 0.36 0.04 0.08 -0.19 0.26
Pb 1.00 0.25 -0.28 0.41 -0.23
cd 1.00 -0.83 -0.34 -0.73
As 1.00 0.06 0.74
Ni 1.00 -0.08
Zn 1.00
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In the obtained data, an analysis was made of the matrix of
correlation coefficients of the studied samples, which showed
both positive and negative correlation between the concentra-
tions of all elements. Due to the fact that there are no regulari-
ties in the distribution of chemical indicators along the profile of
sections of alluvial soils, in contrast to natural soils (Kapelkina,
2010Db). A negative correlation indicates that with an increase in
one component, another decreases.

A statistically significant correlation with confidence level
(P = 0.05) was identified:

- in 300th anniversary park of St. Petersburg between:

Cu and Cd (r = 0.75); Pb and Ni (r = 0.73);

- in South Seaside Park between: Cu and Ni (r = 0.84); Pb and

Ecotoxicological state and pollution status of alluvial soils St. Petersburg

- in undeveloped area near Leninsky Prospekt between:

Cd and As (r = -0.83); Cd and Zn (r = -0.73); As and Zn

(r =0.74).

For all values having a high correlation (0.7 <r < 0.9) be-
tween the characters, according to the Cheddock scale (Hinkle
et al., 2003), the significance of the correlation coefficient was
calculated. As a result, all the obtained values were recognized
as significant, except for Cu and Pb (r = 0.80) in the South Sea-
side Park. According to PCA analysis, lead and zinc accumulate
mainly in the studied areas of the city (Fig. 3).

The source of lead in soils may be the proximity of high-
ways and car exhausts. In general, zinc pollution in the soils of
St. Petersburg is high, the average amount of zinc is higher than

Ni(r =0.93); its normative value.
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Fig. 3. PCA analysis of heavy metals in study soils. A — 300th anniversary park of St. Petersburg; B — South Seaside Park; C — Undeveloped area near

Leninsky Prospekt
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4. Conclusions

To create an ecologically balanced system on alluvial soils,
a set of measures is necessary. One of the practical tasks that
these measures are aimed at is the reconstruction of the soil
cover. Despite the ongoing preventive measures (sanitary clean-
ing, new plantings), on the territory of the parks can observe low
excesses in HM and benzo[a]pyrene, however, the indicators of
total pollution are not high. The territory of Leninsky Prospekt,
where there is no organization of sanitary and hygienic control,
is characterized by significantly higher concentrations of both
pollutants and sanitary-indicative bacteria. We observe differ-
ences in the sanitary and hygienic conditions of alluvial territo-
ries specially designated for recreational area, where legislation
is established and enforced to monitor compliance with hygiene
requirements and undeveloped areas, where there are no vari-
ous functioning systems that ensure an adequate sanitary level.
Artificially created ecosystems are not able to exist for a long
time without human impact.
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Stan ekotoksykologiczny i stopien zanieczyszczenia gleb aluwialnych

Slowa kluczowe

Zanieczyszczenia gleb
Gleby miejskie

Gleby technogeniczne
Tereny przeksztalcone
Gleby bielicowe

Petersburga, Rosja
Streszczenie

Wilasdciwosci gleb na terenach miejskich znacznie ré6znig si¢ od gleb wystepujacych na obszarach
niezurbanizowanych. Obszary zurbanizowane sg narazone na negatywne oddziatywania o charak-
terze glownie antropogenicznym, wptywajace na funkcje ekologiczne gleb. Z powodu ich nasilenia
daje sie¢ zaobserwowaé wzrost zanieczyszczenie powietrza powierzchniowego, zaburzen w obre-
bie profilu glebowego; zmienia sie kwasowo$¢ i zasadowo$¢ gleb, a réznorodno$¢ biologiczna mi-
kroflory glebowej maleje. Celem pracy byla ocena stanu sanitarno-chemicznego i sanitarno-mikro-
biologicznego terendéw aluwialnych polozonych w parkach 300 lecia Petersburga i w parku Polu-
dniowo-Nadmorskim, a takze obszaru potozonego w poblizu Alei Lenina. W pracy przedstawiono
wyniki badan przeprowadzonych na aluwialnych glebach miejskich parkéw i strefy przemystowej
w Petersburgu. Wszystkie analizowane gleby zostaly scharakteryzowane jako technosole. Okre-
$lono morfologie i podstawowe parametry fizyczne gleb. Okreslono zawarto$¢ priorytetowych
substancji toksycznych (metale ciezkie, benzo-a-piren, produkty ropopochodne), a takze przepro-
wadzono badania epidemiologiczne gleb pod katem obecno$ci organizméw chorobotworczych.
Uzyskane wyniki pozwolily na wykorzystanie wskaznika zanieczyszczenia chemicznego (Zc) oraz
wskaznika geoakumulacji (Igeo) do oceny stopnia zanieczyszczenia gleby. Uzyskane wyniki jed-
noznacznie pokazuja, ze metale ciezkie gromadza sie¢ w wierzchnich poziomach gleb aluwialnych
(przy czym w okolo 35% badanych gleb stwierdzono przekroczenie dopuszczalne stezenia). Po-
dobna zalezno$¢ odnotowano w przypadku WWA. Obecno$¢ organizméw chorobotwdrczych byla
zréznicowana, jednak zmieniala sie w dopuszczalnych granicach obowiazujacych w Rosji.
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