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MICROBIOLOGICAL INDICATORS AND HEAVY METAL
CONCENTRATION IN ECOLOGICAL ASSESSMENT OF
URBAN SOILS OF SAINT PETERSBURG, RUSSIA

ABSTRACT. This paper aimed to characterize urbostratozems (Urbic Technosol, WRB) of Saint Petersburg located in industrial
("Electrodepo”railway station) and residential (region Polish Garden) zones. These soils were also compared with background
(natural) soddy podzol soil (Umbric Albic Gleic Podzol, WRB) sampled in recreational zone (suburban park “Oranienbaum”).
Soil samples were collected from soil horizons for chemical analysis and from top of soils for microbialogical analysis in June
of 2012. Chemical properties (pH, total organic carbon, mobile forms of Kand P) and content of heavy metals (Pb, Cu, Zn, Ni) in
soils were determined. Culturable forms of microorganisms (bacteria and fungi) were studied. Assessment of the enzymatic
activity of the soil was carried out by culturing of microorganisms-producers of protease, amylase, cellulase and lipase on
special media. Biotesting using cress (Lepidium sativum L.) seeds had been carried out for assessment of soil phytotoxicity.
It was found that chemical properties of urban and natural soils differ greatly. Heavy metal pollution was evident in both
urban soils, but maximum concentrations of heavy metals were found in the soil of the industrial zone. Phytotoxocity had
been also most pronouncend in the soil of the industrial zone. The natural soil exhibited significantly higher respiration
activity than urbostratozems. The greatest difference in the structure of the bacterial and fungal communities was observed
between the natural soil of the recreational zone and the urbostratozem of the industrial zone. Algae had been present in
the urban soils of the residential zone that was not observed in the natural podzol. The minimum number of producers of all
enzymes, except for cellulase, was observed in the soddy podzol in the recreational zone. The maximum number of protease
and amylase producers was found in the soil of the industrial zone. Lipolytic activity was almost the same in all samples. It
was found that more sensitive biological methods are needed for environmental assessment of urban soils. The results of
the article can be used by soil scientists and environmental engineers for a comprehensive environmental assessment of
the condition of urban soils and for creating new urban green spaces.
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INTRODUCTION

Urbanization significantly influenced the environment
and results in irreversible changes of relief, hydrological con-
ditions, vegetation cover and soils. Soils in urban environ-
ment are characterized by the presence of many artefacts,
alkaline pH, high content of organic carbon and nutrients,
as well as high content of technogenic contaminants (Leh-
mann and Stahr2007; Burghardt et al. 2015). Also typical for
urban soils is spatial heterogeneity of structure and prop-
erties (Greinert 2015). According WRB (IUSS Working group
WRB 2006, 2014), the most of urban soils belong to the Tech-
nosols group, with different qualifiers, used to represent their
diversity (Charzynski et al. 2013). The morphological and
chemical features of these soils reflect the history of land
use of each particular urban area (Prokofieva and Poputnikov
2010). The direction of pedogenesis in urban environment
also depends on characteristics of soil forming material and
climate (Aleksandrovskiy et al. 2012). Biological properties
of urban soils can serve as indicators of their ecosystem
function (Piotrowska-Dlugosz and Charzynsky 2015), with
the microbial diversity and activity being among the most
meaningful biological characteristic of soils (Schindelbeck et
al. 2008; Terekhova et al. 2014; Rozanova et al. 2016). Micro-
bial properties (including substrate-induced and basal respi-
ration) are influenced by specific chemical properties in dif-

ferent functional zones of city (lvashchenko et al. 2019). The
main groups of soil microorganisms include bacteria, fungi,
actinomycetes and algae. Content of organic matter, texture
and redox potential determine the profile distribution of mi-
croorganisms in natural soils (Marfenina 1987, 2005). Despite
the wide using molecular techniques in modern studies
(Bouchez et al. 2016; Huot et al. 2017), cultivation of microor-
ganisms is considered a useful tool for investigation of urban
soil communities (Braun et al. 2006; Marfenina et al. 2017).

Heavy metals (HM) are one of the most dangerous pol-
lutants of urban soils, reducing their biological activity and
productivity (Yungen et al. 2001; Papa et al. 2010; Muhl-
bachova et al. 2015). Elevated concentaration of HM report-
ed to reduce microbial diversity (Jieng et al. 2010). The ur-
gency of this problem is underlined by the impact of HM on
soil microorganisms, which play a key role in soil processes,
required for viable ecosystem (Nannipiery et al. 2003). The
scope of toxic effects due to HM is determined by the nature
of the HM, the form of the compounds in question, soil pH,
and the the specific sensitivity of different microorganisms.
Parameters of biodiversity and physiological activity of soil
microbiota (Yuangen et al. 2006; Niemeyer et al. 2012), fun-
gal diversity of soil (Marfenina et al. 2017), as well as the spe-
cies composition and amount of soil algae can be used as
biological indicators of soil contamination with HM (Zenova
et al. 1995).
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The sharp decrease in the activity of enzymes: amylase,
dehydrogenase, urease, invertase, catalase was previously
observed in soil with the influence of elevated HM concen-
trations (Zhigareva et al. 2006). Restructuring of the micro-
biocenosis had been found in the soil containing heavy met-
als in concentrations of 1-2 orders of magnitude higher than
the background. A decrease in richness and diversity of soil
micromycetes species was also observed, with few, down to
a single one species dominating. The number of colored mi-
cromycetes increased and in some cases, toxin-forming mi-
croorganisms and resistant species dominated in such con-
taminated soils (Zvyagintsev et al. 2005). The effect of HM
on enzyme activities of soil depends on soil organic matter
content (Stefanowicz et al. 2010; Calvarro et al. 2014; Muhl-
bachova et al. 2015). It was shown that in soils that poor in
nutrients, micromycetes are more susceptible to the nega-
tive effects of HM. It was reported that HM inhibit the metab-
olism of microorganisms, change their growth kinetics and
morphology. A catastrophic decrease of soil microbiological
activity or total death of microorganisms was found at con-
centrations of heavy metals of 4 and more orders of mag-
nitude above the background (Rabotnova and Pozmogova
1979). However, Hagmann et al. (2015) showed that the
highest activities of several enzymes (alkaline phosphatase,
celobiohydrolase, L-leucine-aminopeptidase) were positively
correlated with the highest HM contamination of soil.

Ammonifying bacteria, along with some spore bacteria,
cellulolytic bacteria and actinomycetes are most sensitive
to soil pollution. However, some authors reported increase
of bacterial numbers in the most anthropogenically trans-
formed soils along with decrease of their enzymatic activity
(Naylo et al. 2019). An increase in the total number of mi-
croflora has been found in the soils with increased content
of HM (Castaldi et al. 2004). Active development of resistant
forms had been observed possibly due to the absence of
competition as more sensitive microorganisms did not sur-
vive in the environment. Marfenina (2005) reported the in-
crease of soil microfungae diversity in urban environment in
comparison with zonal conditions. On the other hand, sever-
al heavy metals (e.g., Cu, Zn, Mo) are known to be micronu-
trients which can stimulate the microbial growth.

The aims of this paper were to study morphological and
chemical properties of urban soils and to find easily iden-
tifiable biological indicators for environmental assessment
of soils of different types of urban land use. Such indicators
are in demand by environmental practitioners, limited in ma-
terial resources and specialized laboratory equipment. It is
known that modern molecular genetic methods for study-
ing soil biota require high material costs and the availability
of high-tech analytical equipment.

MATERIALS AND METHODS

Saint Petersburg is located in the northwestern part of Russia
(59°57°N, 30°19°E) on the banks of the river Neva and the east
coast of the Finnish gulf. The climate of humid continental
type, the average annual temperature of 5.8°C and the aver-
age annual precipitation of about 660 mm. There are several
main functional areas on the territory of the city: residential,
industrial, agricultural, recreation. The working hypothesis of
the study was that there is a direct relationship between the
type of land use, the level of pollution and biological indica-
tors.

The soils of the following zones were selected for the study:

1. Recreation zone (the State Art and Architectural Palace
and Park  Museum-Reserve “Oranienbaum”; area - 165 ha)
- profile 1. Research site vegetation — coniferous forest with
ground cover of bilberry and green moss.

2.Residential zone (central part of the city, Polish Garden is lo-
cated inside residential areas with dense buildings, between
the Fontanka embankment, Izmailovsky avenue, Derzhvin-
sky lane and 15'Krasnoarmeisky street; area -2.3 ha) - profile
2.The inner garden of the former G.R. Derzhavin manor was
choosen to characterize the soil of residential zone, because
it is difficult to find green space in the historical center of
Saint Petersburg. Research site vegetation—grassy lawn.

3. Industrial zone (railway station Elektrodepo, near electro-
mechanical workshops) — profile 3. Research site vegetation
—ruderal herbaceous plants.

Soil names and indexes of natural soil horizons were
given according to Classification System of Russian Soils
(2004) and WRB (IUSS Working group WRB 2014). Diagnos-
tics of urban soils was made according to Prokof’eva et al.
(2014).

Samples for chemical analysis were taken from each
horizon of soil profiles, then air-dried and sieved (1mm).
Traditional analytical methods were used to obtain physical
and chemical characteristics of soils (Vorobieva 2006). Total
organic carbon (TOC) content was determined titrimetri-
cally by dichromate oxidation, pH was measured in suspen-
sion at a ratio of soil to water = 1:2.5; the content of plant
available potassium (K) and phosphorus (P) compounds in
soils with pH>7 — using a 1% solution of (NH,),CO, (ratio
soil to solution = 1:20), in soils with pH<7 — using 0,2N solu-
tion of HCI (ratio soil to solution = 1:5). P was measured
photometrically (FEK-3) in an extract tinged with ammoni-
um-heptamolybdate and ascorbic acid reagent. Potassium
was determined by photoelectric flame photometry. The
content of mobile forms of phosphorus and potassium was
estimated using the benchmarks designed for agriculture
plants. Heavy metal (HM) total concentrations, namely of
Cu, Pb, Zn, Ni were determined by atomic emission spec-
troscopy (AES). Digestion of samples was carried out by
evaporation from the carbon electrode channel (GOST 41-
08-265-04 2004; Vorobieva 2006). The analysis was done at
the Central laboratory of A.P. Karpinsky Russian Geological
research institute (Saint Petersburg) (included in the Inter-
national Association of Geoanalysts — IAG).

Soil samples (1 mixed sample consisted of 5 subsa-
mples from each site) for microbiological analysis were
collected in the upper 10 cm of soil profile and analysed
immediately after sampling. The following methods were
used to determine the biological properties of the soil (Zvy-
agintsev 1991; Labutova 2008; Labutova and Bankina 2013):
1. The biological activity of soils in respiration (actual, po-
tential) was determined by the modified Golovko method,
based on producing of CO, under laboratory conditions.
To determine the amount of actual soil respiration, a sam-
ple of soil in a small Petri dish was placed in a hermetically
sealed container next to a cup with 20 ml of 0.02 N NaOH.
The sample was left for a day and then the amount of CO,
released per day and bound by NaOH was determined ti-
trimetrically (0.02 N H,50,, phenolphthalein). A nutrient
substrate (10% glucose solution) was preliminarily added
to the soil sample to determine potential respiration.

2. The number and diversity of bacteria was determined by
spreading on meat-peptone agar (MPA) media. Desorption
of microorganisms was carried out with 0.1% solution of
Na PO, (Szegi 1983), then soil suspension was shaken for
10 minutes on laboratory shaker and settled. A series of 10-
fold dilutions of soil sample was prepared. Determination
of fungi was carried out on the Czapek medium. Inhibition
of bacterial growth during the isolation of fungi was carried
out by adding streptomycin sulfate (50 mg /I) (Microbiol-
ogy laboratory manual 2005). Plating was performed in 5
replications per variant. The numbers of colonies formed
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on the medium were counted after the end of the incu-
bation period: 3 days for bacteria, and 5-7 days for fungi.
Cultivation have been done at a temperature of 28°C. Va-
riety of soil bacteria and fungi was evaluated using MCT, a
number of Morpho-Cultural Types, representing a number
of species of soil fungi and bacteria in the sample which
correlated to numbers of colonies with the same charac-
teristics formed by a single type of microorganism. The fre-
quency of occurrence of MCT (%) was counted as n-100/N,
where n - the number of plates where this MCT was found
and N — the total number of plates. The abundance of MCT
(%) was conted as a-100/A, where a — the number of colo-
nies of this MCT, A —the total number of colonies (Labutova
2009). According to values of abundance and frequency
MCT were assessed as dominant (25-30% and more), com-
mon (15-25%), rare (5-15%), random (less than 5%).
3. The number of soil algae was determined by sowing on
Gromov's agar medium (Ne1). Soil particles were placed on
the surface of agar medium and cultivated at a temperature
of 24°C, illuminated with fluorescent lamps, for 30 days.
4. Assessment of the enzymatic activity of the soil was car-
ried out by culturing of microorganisms-producers of pro-
tease, amylase, cellulase and lipase on special media. This
method shows potential biological activity since during
the cultivation of microorganisms in laboratory conditions,
the share of them which were active in real soil remains
unknown. However, this potential activity differs across dif-
ferent soil types (Zvyagintsev et al. 2005). The soils a series
of 10-fold dilutions of soil sample was prepared, with 3 rep-
lications per variant, and incubation time of 3-5 days:
1) Milk agar was used to determine the protease activity
of the soil. The method is based on the ability of protease
producers to break up milk protein (casein). 0.5 ml aliquots
of soil suspension were placed on the medium. The milk
agar has cleared around the colonies of microorganisms
which were considered active protease producers. Microor-
ganisms that formed colonies, but did not produce cleared
zones, were defined as having a weak protease activity.
2) Starch-ammonium agar was used to determine the am-
ylolytic activity. Then the surface of the agar was covered
with Lugol’s solution and the total number of colonies was
counted. The activity and the number of producers of am-
ylase were determined depending on the stained areas
around the colonies. The activity of amylase producers (very
active and active producers) was evaluated by the compari-
son of the diameters of the hydrolysis zones from the edge
of the colonies. Microorganisms that formed colonies, but
did not produce the hydrolysis zones, were defined as hav-
ing a weak amylase activity.
3) To determine the cellulolytic activity of the soil, Getchin-
son’s agar medium was used. Filter paper was placed on
the surface of the medium and 1 ml of soil suspension was
applied evenly. The number of colonies exhibited cellulose
decomposed around them was determined after 2-week
incubating at 28°C. The method is based on the ability of
the producers of cellulases to use cellulose of filter paper as
the sole carbon source.
4) Lipolytic activity of the soil was determined using agar
medium with castor oil. Small soil agregates (20 pieces)
were placed in each dish and incubated for 3-5 days. The
numbers of agregates exhibited opaque zones around
them were counted. The method is based on the fact that
fat decomposition occurs in the presence of lipases and
free fatty acids accumulate in the medium, causing its
opagness.
5. Cress (Lepidium sativum L.) seeds were used for assess-
ment of the soil phytotoxicity.

Phytotoxicity of the soil was measured by the difference
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in the number of germinated seeds and the length of seed-
lings and roots in the studied soil and in the control (wet
filter paper) in triplicate. The duration of the growh was 5-7
days.

Statistical data processing was carried out using STATIS-
TICA 10.0.

RESULTS AND DISCUSSION

Gleyed soddy podzol (Umbric Albic Gleic Podzol, WRB) on
glacio-lacustrine sands (profile 1) has well defined diagnos-
tic horizons: AY-AYe-E-BF-BCg-Cg. Water appeared from the
depth of 82 cm. The soil meets the characteristics of the
zonal type. Profile 2 exhibited urbostratozem (Urbic Techno-
sol, WRB) on buried gray-humus gley soil (Umbric Gleysol,
WRB) consisted of several filled-in horizons and underlyed
by gray-humus alluvial soil (URTay-UR2-UR3rt-UR4-UR5rt-
UR6-UR7-[AY]-CG). The garden planning had been changed
several times; the filling and leveling of the surface were
carried out. The thickness of stratified humus-accumulative
horizons was 30 cm. The soil profile was characterized by
a series of infilled layers of different color, thickness, and
composition. Anthropogenic material consisted mainly of
construction and household waste (fragments of bricks, ce-
ramics, pieces of asphalt, broken glass, coal, bones, pieces
of tin, wire, nails, wood, etc.). It was mixed with sandy or
loamy-sandy fine earth material. Some anthropogenic lay-
ers contained organic matter, which allows suggest that
the filling of humus-enriched material (e.g. compost) and
the terrain levelling were done repeatedly. The total thick-
ness of the cultural layer was 155 cm. At a depth of 155 cm,
a dark gray homogeneous humus horizon of buried natu-
ral soil was found. Profile 3 — Technogenic urbostratozem
on technogenic material (Urbic Technosol, WRB) (profile 3)
consisted of infilled layers (thickness 60 cm). The soil char-
acterized by loamy-sandy and sandy texture and the sig-
nificant amount of artefacts (granite rubble, broken glass,
pieces of metal, polyethylene, textile fragments etc.). At a
depth of 60 cm was a concrete block.

Soddy podzol (profile 1) had low pH value (3.5-4.1) (Ta-
ble 1). Urbostratozem (profile 2) characterized by slightly
acid reaction of upper horizons (6.0-6.2), which increases
with depth up to pH = 8.4. The soil alkalinization was likely
caused by the release of calcium from various construction
debris (e.g. cement, bricks, etc.). Lime layer was found at a
depth of 112-124 cm. Technogenic urbostratozem (profile
3) has slightly acid and near neutral pH (6.2-6.8).

Organic carbon content in soddy podzol is low and
decreased with depth (from 1.8 to 0.32 %), demonstrating
ordinary distribution for this soil type. The carbon content
in the soil of the Polish Garden (profile 2) varied greatly
throughout the profile, due to the abundance of anthro-
pogenic inclusions and differences in the composition and
origin of anthropogenic layers. In the soil of the industrial
zone (profile 3), the carbon content varies from 1.4 to 4.7%,
which also depended on the origin of the anthropogenic
material.

The studied soils had a low content of exchangeable
potassium, which can be explained by their light texture.
The amount of mobile forms of phosphorus in the natural
soil (profile 1) was medium. The sufficiency of mobile phos-
phourus in the urban soils (profiles 2 and 3) was estimated
as high to very high. This enrichment with P is likely caused
by the presence of household waste in the soils.

Heavy metals content. The main inorganic pollutants on
the urban and suburban territory were Cu, Pb, Zn, Ni. HM
content in the soils presented in Table 2.

The content of HM in the soil of the recreation zone (pro-
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Table 1. Chemical properties of soils

Horizon Diﬁ:h’ |_F|) % T(;)C’ PZOS KZO
2 mag/kg
P1 Gleyed soddy podzol (Umbric Albic Gleic Podzol)
AY 2-17 40 1.81 90 37
AYe 17-30 35 0.90 100 14
E 25-30 4.1 042 85 1
BF 30-44 36 1.31 84 2
BCg 44-82 39 033 186 1
Cg 82-94 43 032 96 1
P2 Urbostratozem (Urbic Technosol) on buried gray-humus gley soil (Umbric Gleysol)

URTay 3-15 6.0 383 181 32
UR2 20-30 6.2 264 98 40
UR2 30-47 7.8 311 168 78

UR3rt 47-60 79 6.91 156 67
UR4 60-99 8.2 263 157 20

URSrt 99-112 83 5.22 145 53
UR6 124-140 84 448 132 38
UR7 140-155 8.1 2.85 n.dX n.d.
[AY] 155-171 7.7 1.93 105 90
CG 171-176 8.2 051 nd. nd.

P3 Technogenic urbostratozem (Urbic Technosol)
UR1 2-19 6.5 471 164 63
UR2 19-22 6.4 145 153 23
UR3 22-28 6.6 344 113 42
TCH 28-30 6.2 393 121 18
UR4 30-60 6.9 431 280 35
*n.d.—no data
Table 2. Heavy metal concentration in soils, mg/kg
Horizon Depth, cm Zn Pb Cu Ni
P1 Gleyed soddy podzol (Umbric Albic Gleic Podzol)
AY 2-7 13 26 11 13
AY 7-17 14 14 5 11
AYe 17-30 14 15 4 8
P2 Urbostratozem (Urbic Technosol) on buried gray-humus gley soil (Umbric Gleysol)

URTay 3-15 178 46 29 18
UR2 20-30 179 55 43 19
UR2 30-47 120 100 30 12
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UR3rt 47-60 80 150 30 10
UR4 60-99 80 60 25 8
URS5rt 99-112 80 100 25 10
UR6 124-140 60 50 20 8
UR7 140-155 50 20 20 12
[AY] 155-171 40 20 50 12
CG 171-176 30 20 2 12

P3 Technogenic urbostratozem (Urbic Technosol)

URT 2-19 244 64 84 38

UR2 19-22 40 18 24 11

UR3 22-28 73 35 44 20

TCH 28-30 211 77 168 45

UR4 30-60 202 70 160 33
R B 2 . 0
Background values* 51 16 15 11

*Median value for sandy and loamy-sandy soils of North-West Russia, humus horizon (Matinian et al. 2007)

**The values exceeding the APC are in bold

file 1) corresponded to the background level, excluding Zn.
The Zn content in this profile substantially lower than the
background level. This phenomenon could be explained by
genesis and chemical composition of the soil forming ma-
terial (limnoglacial sands which are depleted in many ele-
ments). The content of HM in urbostratozems (profiles 2 and
3) significantly exceeded background values, not only in the
upper horizons, but also in the middle and lower parts of the
profile. The HM pollution was associated with the presence
of anthropogenic material in soil horizons. The HM concen-
trations exceeding the allowed levels were found in both
upper and lower parts of profile of the industrial zone soil.
Technogenic urbostratozem was characterized by high con-
tent of copper (5 times higher than the value of the APC) and
nickel (2 times higher than the value of the APC), which was
not observed in the urban soil of the residential zone. Most
likely, this type of pollution is associated with trainsrepair
and maintenance. The profile distribution of total HM con-
centrations in urbostratozems mainly depends on the com-
position of bulk layers and the level of anthropogenic impact
at different stages of the soil formation.

Soil respiration. The actual respiration of the upper hori-
zons of the studied soils was 3-6 mg CO,/100 g of soil/24
h. Potential respiration (after addition of the readily available
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substrate — 10% glucose solution) was two or more times
higher than the actual respiration. This indicates the defi-
ciency of labile organic substances in the urbostratozems
and the natural soil.

The highest value of CO, emission per soil mass was
found in the soil of industrial zone (sample 3), while the natu-
ral soil (sample 1) were characterized by the lowest intensity
of respiration. The calculation of the biological activity per
1 g of carbon (Fig. 1) allows to specify the utilization of soil
organic matter by microorganisms. The natural soil exhibited
significantly higher activity than urbostratozems, which may
indicate the presence of stable organic matter in these soils.
Thus, as the anthropogenic impact increases, there is a ten-
dency to a decrease in soil respiration rate. Other researchers
also had shown significant reducing of soil respiration rates
in metal-contaminated soils in comparison with unpolluted
soils (Papa et al., 2010).

Bacteria and fungi diversity. The least number of micro-
organisms was found in the natural soil of the recreation
zone (Oranienbaum Park, sample 1, Table 3). The number of
fungi was similar in the soil of the recreational and industri-
al zones, while in the soil of the residential zone it was sig-
nificantly lower. The maximum number of prokaryotes was
found in the humus horizon of urbanozem of the residential
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Fig. 1. Soil respiration rates (actual and potential): a - mg CO,/100g soil/24h; b - mg CO,/1g C/24h
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zone (Polish Garden, sample 2). In the soil of the industrial
zone (Elektrodepo, sample 3), the number of bacterial MCT
was only slightly lower than in the soil of the residential zone.
The neutral reaction of the soils, the high content of organic
matter and the availability of mineral nutrition elements in the
surface horizon of the urbostratozems contribute to active
development of bacteria in these soils. Additionally, the stim-
ulating effect of metals on soil microflora had been reported
previously (Dai et al. 2004; Stefanowicz et al. 2012; Naylo et al.
2019).

In the upper horizon of the urbostratozem of the residen-
tial zone (sample 2), the diversity expands due to the appear-
ance of MCT 3. At the same time, the structure of the bacte-
rial cenosis also changes: if MCT 1 dominated in natural soll,
MCT 2 dominated in the urbostratozem. In the ubostratozem
(sample 2) MCT 1 and MCT 3 were subdominants, occupying
positions of frequently encountered microorganisms. Fre-
quency, abundance and high numbers indicate a relatively
stable, though impoverished in the number of species ceno-
sis.

Wide diversity and improvement of the structure of the
bacterial cenosis in the urbostratozem of industrial zone
(sample 3) compared with previous soils were observed. MCT
1 and MCT 2 were dominants. Also in this sample a significant
number of rare and accidental MCTs were found, which char-
acterizes this soil as the most favorable for the formation of
wide diversity of bacteria.

The fungi were well adapted to the conditions of all the
studied soils (Table 5). The structure of the fungal communi-
ties of the urbostratozems was close to each other and dif-
fered significantly from the natural soil due to the emergence
of new MCT. Only MCT 2 and MCT 4 were common to all the
studied soils. The most favorable structure of the fungal ceno-
sis was observed in the humus horizon of the urbostratozem
of the Polish Garden (sample 2). The horizon was character-
ized by a significant number of dominants, subdominants,
and also rare species. The high fungal species diversity in ur-
ban soils was explained by the heterogeneity of their prop-

erties (Marfenina et al. 2017). The higher diversity of bacterial
and fungal communities in uban parks than in the forest was
found by other researchers (Hui et al. 2017).

The soil of the industrial zone (sample 3) was character-
ized by a not very favorable structure of the fungal cenosis
(the presence of one dominant and a small number of rare
MCTs). There was a low diversity of fungi (the presence of
two dominants and four subdominants) in the soddy podzol
(sample 1).

Analysis of similarity coefficients (Table 6) showed that
the greatest difference in the structure of the bacterial and
fungal communities was observed between the natural soil
of the recreational zone (sample 1) and the urbostratozem of
the industrial zone (sample 3). Presumably, this is due to the
fact that under the conditions of intense technogenic impact,
new dominant MCT appeared. This phenomenon is consis-
tent with conclusions of other researchers (Bityukova et al,
2016), which showed that in urbanozems species resistant to
urban environmental conditions were predominate.

Algae are considered to be the most sensitive to anthro-
pogenic effects. In polluted soils algal communities are de-
graded. The number and diversity of cenoses decreases, the
presence of unicellular algae is characteristic (Zenova and
Shtina 1991). In the studied soils, algae were found only in the
soil of the Polish Garden where their number was 500 CFU/g
of dry soil. The algae found there belong to the Ochrophyta
and Chlorophyta, and are unicellular (Fig. 2). Algae were ab-
sent in the soddy podzol, likely as a result of a strongly acidic
reaction of soil solution. The absence of algae in Electrode-
po soil could be explained by the greater dryness of the soil
and the more intense insolation of its surface. Indicator role of
diatoms, which was shown in some publications (Dorokhova
2007), in our study was not revealed due to differences in the
physicochemical characteristics of soils not related to pollu-
tion.

Enzymatic activity. The number of producers of the en-
zymes was determined for indirect assessment of the soil en-
zymatic activity (Table 7).

Table 3. The number of bacteria and fungi in the soils

Sample Bacteria, CFU* 107/ g of dry soil Fungi, CFU* 10%/ g of dry sail
1 154 £5.65 53.1+3.63
2 561.3+42.9 9.0+£2.9
3 312.2+£240 75.3+3.63
*CFU- colony-forming unit
Table 4. Structure of bacterial community in the soils
Sample 1 Sample 2 Sample 3
MCT
Abundance, % Frequency, % Abundance, % Frequency, % Abundance, % Frequency, %
1 66.6 100 25 100 46.1 100
2 333 50 50 100 42.3 100
3 0 0 25 80 3.8 40
4 0 0 0 0 2.56 80
5 0 0 0 0 1.28 40
6 0 0 0 0 2.56 40
7 0 0 0 0 0.6 20
8 0 0 0 0 0.6 20
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Table 5. Structure of fungi community in the soils

VCT Sample 1 Sample 2 Sample 3
Abundance, % Frequency, % Abundance, % Frequency, % Abundance, % Frequency, %
1 12.5 333 3.7 333 0 0
2 6.25 333 259 66.6 2.21 100
3 6.25 333 0 0 0 0
4 31.25 66.6 111 333 2.21 333
5 375 66.6 3.7 333 0 0
6 6.25 333 0 0 0 0
7 0 0 14.81 100 0 0
8 0 0 14.81 66.6 0 0
9 0 0 14.81 66.6 0 0
10 0 0 74 66.6 0 0
11 0 0 37 333 353 66.6
12 0 0 0 0 1.76 100
13 0 0 0 0 90.2 100
Table 6. Similarity coefficients of Serensen for bacterial/fungal communities for the soils of different functional zones
Samples Sample 1 Sample 2 Sample 3
Sample 1 - 0.80/0.53 0.40/0.36
Sample 2 0.80/0.53 - 0.54/0.43
Sample 3 0.40/0.36 0.54/0.43 -
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Fig. 2. Representatives of Ochrophyta algae in sample 2:a - Navicula Bory; b - Pinnularia Ehrenberg
Table 4. Structure of bacterial community in the soils
Numsreord(zlfceerzyme Sample 1 Sample 2 Sample 3
CFU*10% g of dry soil % CFU*10/g of dry soil % CFU*10%g of dry soil %
Cellulase producers 1.33+0.15 1.16+0.13 2.364+0.19
Lipase producers 165.0+0.97 175.0+0.97 180.0+0.89
Protease producers
Active 3.34+0.65 11.1 56.6+2.61 459 186.0+17.2 74.6
Weak 27.0+1.72 88.9 66.6+2.35 54.1 63.342.84 254
Amilase producers
Very active 16.6+1.30 19.3 53.342.35 37.2 14.3+1.73 48.8
Active 33.0+0.65 3.8 36.64+0.65 25.6 73.3+0.65 25.0
Weak 66.04+0.65 76.9 53.34+1.13 37.2 76.6+3.26 26.2
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Fig. 3. Assessment of phytotoxity: number of germinated seeds of cress in soil samples against control

Table 8. Medium length of roots and stems of cress on different soils

Sample Medium length of root, mm Medium length of stem, mm
1 18.5+1.5 35405
2 5.0+0.5 3.0+0.5
3 6.0+0.5 2.0+05

control 25.043.5 4.04+0.5

The minimum number of producers of all enzymes, ex-
cept for cellulase, was observed in the soddy podzol in the
recreational zone (sample 1) due to low concent of organic
matter and acid pH. Both characteristics are typical for nat-
ural soils of the region. The maximum number of protease
and amylase producers was found in the soil of the industri-
al zone (sample 3). A significant number of microorganisms
with high enzymatic activity in the soil of the industrial zone
may be due to the fact that in this soil there is a maximum
content of organic carbon, an optimal pH value and a high
supply of nutrients (table 1), which is consistent with data
on the determining role of these soil properties for micro-
organisms (Marfenina 2005). The soil of the residential zone
(sample 2) was intermediate in enzymatic activity. Lipolytic
activity was almost the same in all samples. Differences in the
enzymatic activity of two urban soils can also be explained
by differences in the structure of bacterial and fungal com-
munities (table 5, 6). The analysis of potential enzymatic
activity confirmed our assumptions about a significant dif-
ference in the biological parameters of soils in different func-
tional zones of the city.

Phytotoxity. The germination of cress (Lepidium sativum
L.) seeds was used for assessment of the soil phytotoxicity.
Seed germination, the average length of the root and the
stem in the experiment compared with the control were
choosen as the criteria for phytotoxicity. Seed germination
was found to be the best indicator of phytotoxicity (Fig.3).
Inhibition of seed development was observed in all soil sam-
ples studied, but the soil of the industrial zone was the most
phytotoxic (sample 3) which was also consistent with our
hypothesis. In addition to a 4-fold decrease in seed germina-
tion, a 5-fold decrease in the length of the root and a 2-fold
decrease in the length of the stem were observed in this soil
in comparison with the control (Table 8).
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CONCLUSIONS

In this study, the urban soils of residential and industrial
zones of Saint Petersburg were compared with the natural
soil of recreational zone. The urban soils of residential and
industrial zones differ from the natural soil by neutral and al-
kaline reaction and higher content of organic carbon. Both
urban soils were polluted by heavy metals (Pb, Cu and Zn).
Heavy metal pollution was more pronounced in the soil of
the industrial zone. The soil of the industrial zone differs in
the structure of fungal and bacterial communities and in po-
tential enzymatic activity from natural soil and from the soil
of the residential zone as well. Contrary to the initial hypoth-
esis about the negative effect of heavy metal pollution on
soil microbiota, a greater number of morpho-cultural types
of fungi and the highest number of microorganisms produc-
ing cellulase, amylase and protease were found in the soil of
the industrial zone. Thus, assessment of the enzymatic activ-
ity of the soils by culturing of microorganisms-producers of
protease, amylase, cellulase and lipase on special media used
in the study was not sufficient to demonstrate the negative
effect of the increased concentration of heavy metals in ur-
ban soils. However, in soils with a high content of heavy met-
als (Polish Garden and Electrodepo) a decrease in cress seed
germination and a sharp reduction in the length of roots in
cress seedlings were found. Therefore, phytotesting seems
a promising and easy to use method for the comparative
assessment of soils contaminated with heavy metals. The
culture method used in our study did not allow to identify
the response of the soil microbial community to heavy metal
pollution. Therefore, it is necessary to use alternative meth-
ods to search for indicators of the activity and diversity of
microorganisms in the environmental assessment of urban
soils contaminated with heavy metals. Il
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