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Abstract

Objective: The research was focus on monitoring heavy
metals content in urban soils with different levels of
technogenic impact, taking into account heterogeneity of soil
cover and the functional purpose of land. Methods: Studies
were carried out simultaneously in the two cities of Ukrainian
(Berdyansk and Mariupol) on the Azov Sea coast, which
significantly differ by the structure of industrial production. The
area of each monitoring cities was at least 2500 m2, where
were choosing 30 sites of baseline survey. On the each site the
number of individual soil samples included in the mixed sample
was 18-20. The time series of observations: 2002-2003,
2007-2008, 2012-2013. The available forms of heavy metals in
the soils were determined by atomic-absorption method after
extraction of buffer solution with pH 4.8 as well as 1 N HCl.

Result: Dynamics of soil contamination in the studied cities
was significant different due to the reorientation of the industrial
structure during the research period. In Berdyansk the level of
soil contamination in the industrial zones gradually decreased,
but heavy metals (Zn, Cu, Mn) began accumulate in soils of
residential, cultural and administrative areas, in recreation
objects. In contrast to this, due to the intensive activity of the
enterprises of iron and steel industry in Mariupol the level of
soil contamination in industrial, residential areas has increased
by 8-18% and was higher than in Berdyansk in 1, 5-2 times.
This is caused by the accumulation of Zn, Mn, Pb and mineral
salts, sometimes in excess of the permitted rate.

Conclusion: Due to extremely high heterogeneity and
combination of pollution from multiple sources, the changes of
urban soil quality can be objectively assessed only by the
systematic monitoring. The quality of urban soils is improving
over five-ten years after reducing the amount of industrial
pollution. Soil quality is deteriorating significantly in case of a
constant dominance of steel industry over other activities.
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Monitoring; Dynamics; Spatial heterogeneity

Introduction
The increase in population is inevitably accompanied by the growth

of cities and the expansion of the areas of urban land, which entails a
deepening of environmental problems related to the quality of the
urban environment. Since it is projected that 66%of the world
population will live in urban areas by 2050, therefore the quality of
urban soils plays an important role in the quality of life of the
population. The soil cover in the cities increasingly loses the functions
of the habitat and food production, in exchange it serves primarily as a
basis for the objects of urban infrastructure and as a depositor of a
variety of polluting substances [1,2]. According to FAO experts, the
sealing of soils (screening by road and other coverings) is becoming
the most threatening phenomenon in Europe, where the annual
alienation of land under urban areas has reached 1,000 km2 in the last
decade of the twentieth century and has a tendency to increase at the
present time [3]. The state of unsealed urban soils is complicated by
various types of physical impacts, a violation of the integrity of the soil
cover, changes in water and salt regime, etc. As a result, the soil cover
of modern cities has a very wide variety: from poorly transformed
zonal soils to highly modified Urbozems and Technozems in the areas
of extended settlement and industrial zones [4,5].

The aggravation of environmental problems in the cities stimulates
the increased interest of local governments in obtaining objective
information about the state of the soil cover and the projected risks for
the population [6,7]. First of all, these are issues of valuation of lands
taking into account their ecological status [8], as well as long-term
planning of urban infrastructure [9], mitigation of soil sealing [10],
planting of greenery [11,12], environmental control [13,14], etc. At the
same time, the method of monitoring the state of urban soils is very far
from perfect. It is especially difficult to correctly choose
uncontaminated background soil and procedure for calculation
[15,16]. It is proposed to use for this purpose survey data from large
parks [17], surrounding agricultural land [18] as well as regional
parameters for groups of soils with different textures [19] or an upper
threshold value to contaminant domains [20]. In addition, monitoring
of soil contamination with heavy metals should take into account the
functional purpose of urban areas, sources and composition of
contamination [21-23]. In connection with the above issues, the aim of
this paper is to analyze the possibilities of heavy metals monitoring in
cities with different levels of anthropogenic impact, taking into account
heterogeneity of soil cover and the functional purpose of land.

Methods

Study area
The studies were carried out by means of a comparative analysis of

soil monitoring results in two cities on the Azov Sea coast: Berdyansk
and Mariupol, which differ significantly in the structure of industrial
production and, accordingly, in the level of man-made impact (Figure
1). Monitoring sites were located in industrial, administrative, cultural,
residential and recreational zones of each city.
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Figure 1: The location of the studied cities.

Earlier, Berdyansk was a well-known industrial city in the branches
of engineering and chemistry, about 30 enterprises of the
petrochemical, machine-building, light and food industries were
located there. Last years the local authorities more tend to develop
tourism instead industries which were at the soviet period. Last years
the local authorities more tend to develop tourism instead industries
which were at the soviet period. Thanks to the beautiful sand spit
Berdyansk is attractive for tourists and due to famous healing muds it
will able to be an international medical resort. The population of
Berdyansk is about 132 thousand people; the total area of the city is
82.5 km2. The amount of industrial emissions to the atmosphere that
accounts for one person is only 2.1 kg, which is much less than in
Mariupol.

Mariupol is a major center of the metallurgical, machine-building
and chemical industries of Ukraine. The population of Mariupol is
about 500 thousand people, and the total area is 166 km2. The annual
mass of industrial waste exceeds 9.5 million tons including 110-116
thousand tons of household waste. Emissions from enterprises to the
atmosphere exceed 300 thousand tons per year which is equivalent to
600 kg per person.

Agreed to the local administration, the observations at monitoring
sites were conducted in Berdyansk in 2002, 2007 and 2012. The same
observations at monitoring sites in Mariupol were conducted in 2003,
2008 and 2013.

We chose regular sampling network with the distance between
monitoring sites about 1 km, as far as possible in each city. The area of
each monitoring site was at least 2500 m2, where were choosing 30 sites
of baseline survey. On the each site the number of individual soil
samples included in the mixed sample was 18-20. Depth of sampling:
0-10 cm with undisturbed addition of soil, 0-30 cm-when disturbed
(on arable land).

Analysis methods
Content of heavy metals (Cd, Zn, Co, Ni, Fe, Mn, Cr, Cu) was

measured for mobile (using extraction of buffered ammonium-acetate
solution with pH 4,8) and available (extraction 1 N HCl) forms by
atomic-absorption spectrophotometry. The content of organic carbon
in the soil was measured according to ISO 10694:1995 [24], and pH-
according to ISO 10390:2006 [25]. The content of heavy metals in grass

vegetation and phytotoxicity of soil was determined in 50% of
monitoring sites.

Data were expressed as mean values ± SE. Statistical analyses were
carried out using Statistica 10. The statistical analysis that was
performed including correlation and regression methods, the method
of graphic images.

Results and Discussion

Differences of soil cover
Before settling, the soil cover of the surveyed territory was formed

of two types. The terrain at an altitude of 40-50 m above sea level was
covered with loess rocks on which Сhernozems Calcic formed. Calcic
this kind of Chernozems contents physical clay 50-66 %, organic
Carbon in the upper horizon 2.2-2.7%, pH from 7.2 to 8.0. The parent
rocks of these soils predominantly consist of carbonate loess-like clays
and loams, 6 to 50 m thick, containing from 4% to 17% CaCO3. The
high content of humus and clay minerals in Chernozems Calcic
contributes to the increased adsorption of cations of heavy metals by
the soil absorbing complex, while the slightly alkaline reaction of the
soil solution and the CO3

2- anions lead to precipitation of their
hydroxides and carbonates.

Soils on marine and alluvial river sedimentary rocks formed in
lowered elements of the landscape. In contrast to Сhernozems, soils on
the sea and river rocks contain very low amount of the clay material,
therefore, they are not able to hold the contaminants. Anthropogenic
activity has significantly altered the soil cover, further increasing its
heterogeneity, but the differences in the buffer capacity of the two types
of soils can be clearly seen at the present time.

Thus, in each city there is a high part of the territory where the soils
are resistant to contamination and a lower part with less stable soils. As
can be seen from the histogram of the frequency of occurrence of
humus and pH parameters (Figure 2), along with well-humified
Chernozems, low-humus soils are also found. At the same time, weakly
alkaline conditions predominate in the reaction of water extract in the
soil cover of both cities.

Figure 2: Histograms of distribution of humus content and pH of
water extract in the urban soils of Berdyansk and Mariupol
according to the basic survey in 2002/2003.
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As is known, organic matter is closely related to clay minerals and
characterizes the adsorption capacity of the soil. In turn, pH shows the
ability of the soil to precipitate hydroxides and carbonates of heavy
metals. Therefore, low-buffered soils with a low content of organic
carbon and clays, as well as soils with the lowest pH, should first of all
be included in the list of monitoring objects. As a result, we obtained a
similar distribution of organic carbon content as the most variable
indicator of soil buffering (Figure 3).

Figure 3: Histograms of distribution of humus content in the urban
soils on monitoring sites in Berdyansk and Mariupol.

Forming of monitoring network
Location of monitoring sites on the major sources of emissions of

pollutants is even more important criterion for selecting their locations
among the urban infrastructure. It is known that the distribution of
pollutants is determined by the height of the pipes and the phase-
aggregate composition of the aerosols. Slightly soluble larger particles
settle on the soil surface in the vicinity of the source of emission, and
the more soluble fine particles are scattered over a considerable
distance [26]. With this in mind, only 20%of monitoring sites were
located on the territory of administrative, residential and recreational
areas, the remaining 80% were located in industrial zones. It was
expected that the formed monitoring network would represent
representative changes in the state of urban soils in time, in particular,
related to pollution.

Finally, high level of heterogeneity of urban soils as well as frequent
repair and construction work complicate soil monitoring in a city. Due
to the extremely large heterogeneity, anthropogenically transformed
soils often reflect the influence of random factors more than the
temporal dynamics. This feature of urban soils causes the need to take
appropriate measures. First of all, it is necessary to increase the
number of individual samples for the formation of a composite
representative sample due to the high probability of coincidence of the

place of taking one of them with a small spot of contamination.
According to ISO 10381-5 [27], it is recommended to take from 15 to
30 individual samples in the case if model of spatial dissemination is
unknown. Vazhenin [28] considered that number of individual
samples for composite one should be even more: from 40 to 60.
Naturally, rising of points quantity links to representativeness, and, at
the same time, probably of random contaminated spot is increasing.
The national standard of Ukraine [29] requires taking 20 individual
samples as minimum.

In 2002/2003, the baseline survey showed that the natural
background content of heavy metals is significantly different in soils of
different genesis and properties. For example, Fluvisols Eutric on
floodplains contained mobile Cd around 0.05 ppm, Co 0.45 ppm, Ni
0.30 ppm, Cu 0.20 ppm, and the immediate vicinity Chernozems
Calcic-0.25; 1.10; 1.55 and 0.43 ppm, respectively. In this regard, the
2002/2003 data were taken as a reference point for comparing different
observations at each of the monitoring sites. To avoid the influence of a
random factor, trends in soil quality change were identified on the
basis of several monitoring sites combined by location or use. This
approach allows us to make statistically more substantiated
conclusions and to compare changes in different urban areas or on
lands with different uses.

Calculation of background concentrations
According to the national standard, the urban background values

were calculated for the both of cities, as a median value of the content
of heavy metals in the collected soil samples (Table 1). Geochemical
data rarely follow a normal distribution [15]. Therefore, the median
delivers the most freedom from extremal values.

Eleme
nts Content of available heavy metals in the top of soil, ppm

 
Berdya
nsk

Mariup
ol

Surrounded
lands

Official permissible
levels

Zn 1.5 5.1 0.8 23

Cd 0.3 0.45 0.19 -

Ni 1.6 3.5 1.9 4

Co 1.7 3.2 1.3 5

Fe 3 6.5 2.4 -

Mn 14.8 16.8 8.7 -

Pb 6.1 11.7 4.2 -

Cu 0.6 1 0.38 3

Cr 0.77 0.85 0.35 -

Table 1: Median value of the available heavy metals content in
Berdyansk and Mariupol.

This data show that the content of heavy metals in Berdyansk’s
urban soils is more than on the surrounded agricultural lands. Soil
cover of Mariupol is much more contaminated than Berdyansk (in
1,5-3 times). Currently, official permissible levels set for 4 heavy
metals: Zn (23 ppm), Co (5.0 ppm), Ni (4.0 ppm), and Cu (3.0 ppm).
The content of available Ni and Co is approaching to the
abovementioned permissible levels. This is due not only to the

Citation:
Soil Sci Plant Health 3:1.

Volume 3 • Issue 1 • 1000117 • Page 3 of 5 •

(2019)Miroshnychenko M, Krivitska I, Hladkikh Y, Zakharova M Dynamic of Soil Contamination in the Cities with Different Technogenic Impact. J



incoming nickel and cobalt from industrial sources, but also to the
natural accumulation of these elements in coastal landscapes.

Dynamic and dissemination of pollutants
From 2007 to 2012, the content of most studied elements in the

urban soils of Berdyansk tended to increase (Figure 4a). The average
content of mobile Cr, Cu, Fe increased by 20%, Zn by 40%, but content
of Cd, Co and Ni are decreased. Thus, priority of pollutants changed.
We associate these changes with the reorientation of the city to tourism
and recreation. The grouping of monitoring sites according to the
functional purpose of the land shows that there is a gradual decrease of
soil contamination in industrial zones due to migration of heavy
metals (Figure 4b). We observe the accumulation of heavy metals in
areas of residential development, cultural and administrative places
and, especially, recreational facilities. Consequently, the content of
such typically technogenic elements as cadmium and nickel decreases
and biogenic elements such as zinc, copper, manganese tend to
accumulate.

Figure 4: The ratio of the content of mobile heavy metals in the soils
of Berdyansk in 2012 and 2007: a) for individual elements; b) for
total pollution index in the zones of different purposes (1-
industrial, 2-residential, 3-administrative, 4-recreational).

Comparison of the content of mobile heavy metals at monitoring
sites in Mariupol shows much greater variability (Figure 5). The main
reason is a much stronger man-made load on urban landscapes, which
leads to an increase in soil heterogeneity. In general, the content of
mobile Co, Cu and Cr in soils in 2013 decreased, which is probably
related to the soil alkalization. The average pH of water extract
increased from 7.9 (range 7.8-8.1) in 2008 to 8.7 (range 8.4-9.3) in
2013. It is obvious that the mobility of cationic heavy metals has fallen
sharply in alkaline solution. Nevertheless, the content of other heavy
metals, especially such as Zn, Fe, Mn, Ni, was increased significantly.
As we have assumed this direct link to activity of steel enterprisers in
Mariupol. As Zhukov MN et al. [30] have recently determined, Zn and
Cu are characterized the most technogenic origin in the soil layer 0-5
cm there.

Figure 5: The ratio of the content of mobile heavy metals in the soils
of Mariupol in 2013 and 2008: a) for individual elements; b) for
total pollution index in the zones of different purposes (1-
industrial, 2-residential, 3-administrative, 4-recreational).

The accumulation and dissipation of heavy metals in zones of
different functional purpose in Mariupol have a different trend than in
Berdyansk. Due to intensive activity of metallurgy enterprises and
other sources of heavy metal emissions, the level of total pollution
increased by 8-18% on industrial lands, residential areas and city
parks. First of all, this was due to the accumulation of zinc, manganese
and lead, the content of mobile forms of which at certain sites exceeds
the maximum permissible level.

Conclusions
Urban soils are an extremely difficult subject for monitoring. The

reason is the high heterogeneity of soil cover in a city and overlapping
of effects from many pollutant sources. Therefore, an objective
characterization of changes in the state of urban soils might only be
obtained by means of space-time observations. Such monitoring
system, organized in two seaside cities with different technogenic
impact, shows changes in the distribution of heavy metals around
industrial enterprises. In the case of significant declining of industrial
activity as it was happened in Berdyansk, the quality of urban soils is
improving over 5-years period but heavy metals are continuing to
dissipate from the industrial zone to the surrounding land. On the
other hand, in case of a constant dominance of the steel industry over
other businesses, as it happened in Mariupol, soil quality is
deteriorating significantly for the same period.
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