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ABSTRACT:
The contents of trace elements Mn, Cu, Pb, Zn, Cr, Ba, and Sr in soils and parent bedrocks in the conditions of
sloping terrain of the river valley were studied. The comparison of their concentrations with the clarkes of soils
and lithosphere, maximum permissible and approximate permissible concentrations, regional background
concentration was conducted. The index of total pollution of soils was calculated, the tightness of correlation
was defined. The heterogeneity of soil-forming bedrocks and soils in the conditions of slope relief was
identified. The content of elements in rocks is low the clarke of the lithosphere (with the exception of Cr). In the
soils the accumulation of Cu, Pb, Zn in comparison with clark was revealed, as well as exceeding MPC for Cr.
The accumulation of Sr, Pb and C in the arable layer of the soils in comparison with the regional background
was found. Topsoil contamination by pollutants is acceptable.

KEYWORDS: Heavy metals, Clarkes of concentrations, maximum allowable concentrations, regional
background concentration, the index of total pollution of soils.

INTRODUCTION:
Environmental pollution is the negative side result of the
human agricultural activity. The soils of the Belgorod
region are subjected to extreme pressure: in the structure
of lands agricultural lands occupy 96.0%, including
79.5% of arable land. Such high figures of the
agricultural development are explained by the fact that
more than 70 % of the area is represented by the
chernozems. The feature of the region is the
predominance of slope type of relief, which occupies
72% of the total area. For today the soil contamination
by trace elements called “heavy metals” is quite well-
studied; in some sources their biogeochemistry,
bioavailability, the impact on the environment and
human health, soil pollution in different regions of the
world were observed [1,2,3].
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Currently the separation of heavy metals on the “classic
heavy” and “heavy alkaline earth» is occurred. Little is
known about the nature of the of soil contamination by
heavy alkaline earth metals (Sr, BA), due to the
difficulty of their diagnosis, although the authors note
that almost all urban soil visibly are  contaminated by
technogenic strontium and barium [2]. In recent years,
the publications devoted to the patterns of trace elements
distribution in soils of the Belgorod region have been
appeared [4]. Here with the authors observe only the
arable layer of soils. The aim of our research was to
study the trace elements pollution of soils and soil-
forming bedrocks under the active agricultural activities
in the conditions of slope relief. The features of the
distribution of the following metals: Mn, Cu, Pb, Zn, Cr,
Ba and Sr. were studied.

MATERIALS AND METHODS:
The study was carried out on the experimental plot in the
Belgorod research Institute of agriculture, located in the
Belgorod region in the valley of the river Erik, on the
South slope exposure, the steepness was varied from 1°
to 5°. On this site, the studies of the soil changes in
conditions of the zonal and landscape systems of
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agriculture are conducted. The orography is represented
by the weakly expressed sink micro relief. In the soil
cover of the area the chernozems typical on the loess
loams are dominated. In September 2014, the stage of
field studies was held, including drilling 12 wells to the
depth of 3 and 5 meters. During the morphological
descriptions of the soils it was found that the soil cover
is represented by agrochernozems and agro-dark gray
gleysoils. Among the agrochernozems the hydro
metamorphosed and migratory-micellar sub types are
represented. The presence of the several types of parent
bedrock son the site was determined: among them there
are alluvial, loess-like and cover loams, cover clays.
Determination of the trace elements was conducted on
the x-ray fluorescence spectrometer SPECTROSCAN
MAX – GV. The reaction of the soil environment (pH)
was determined by the potentiometric method on the
device “testo 206”. Determination of the granulometric
composition of soils was carried out in the Centre of
agrochemical service “Belgorodskyi”. To determine the
coefficients of concentration (Cc) of elements, the ratio
contents of elements in soil or bedrock in relation to the
clarke of soil or the lithosphere were calculated by A. P.
Vinogradov [5].To determine the degree of soil pollution
the comparison of the elements concentrations with the
maximum allowable or approximate permissible
concentration (MPC and APC) as well as with the
regional background concentration was conducted.

RESULTS AND DISCUSSION:
Manganese (Mn) is the element, the geochemistry of
which is called “paradoxical” because the processes of
concentration, dispersion, oxidation and recovery are
going seemingly against the laws of thermodynamics [6].
Usually it is accumulated in the upper layer of soil due to
the fixation by organic matter. In the Belgorod region the
average background content of Mn in the arable layer of
soil is 361±40 mg/kg, the distribution of the element
along the profile has uniform nature [4]. Copper (Cu) in
soils, as a rule, is accumulated in the upper horizons,
which reflects the bioaccumulation of this element, as
well as modern anthropogenic influence [7,8]. In the
Belgorod region the Cu content in arable soils is 13.5

mg/kg, 6.5 mg/kg below clarke [4]. Lead (Pb) is a
dangerous heavy metal, but the soil it is strongly
inactivated and loses its toxicity [2], it refers to
particularly dangerous elements (1 class of danger). In
arable soils in Belgorod region the content of Pb is 14.3
mg/kg, which is above the clarke 4.3 mg/kg [4].Zinc
(Zn) is an important trace element, it is vitally essential
for plants, so for some soils the zinc fertilization is
necessary [2,9]. In the Belgorod region the content of
zinc in arable soils is 44 mg/kg, 6 mg/kg below clarke
[4]. Chromium (Cr), according to [10], creates a high
ecological danger of natural eco systems pollution. He
belongs to the group of rare metals; therefore,
fluctuations of its concentration leads to changes in the
chemical balance in the environment that impact directly
or indirectly on human health. Some authors consider
that there is no risk of chromium contamination in global
scale, but it is possible local high concentrations of
chromium in soil, water or atmosphere [11]. Although
chromium pollution is strongly influenced upon soil
biological activity, it is not included in the national list
of dangerous elements [2]. In the arable layer of the
Central Russian upland soils, the content of Cr is
44...130 mg/kg [12]. According to [13], barium is
adsorbed on clay particles, so it can be expect the
increase of its concentration in heavy granulometric
composition of soils. The solubility of barium
compounds depends on the acid-base conditions: with
the pH decrease it increases. Background Ваcontent in
the arable layer of soils of the Belgorod region is equal
to 374.4±13.9 mg/kg [14]. The background Sr
concentrations in the arable layer of soils and subsoils
can vary in broad limits [15].Often the content of barium
and strontium compare, calculating the ratio Ва:Sr 2.
The background Sr concentrations in the arable layer of
soils of the Belgorod region is equal to 53.6±7.2 mg/kg
[14]. In the analysis the horizons of the studied soils
were divided into two types – organo-mineral and
mineral - and parent bedrocks were allocated. Table 1
shows the concentration ratios of the elements relative to
theclark of soil by A. P. Vinogradov in the two studied
soils.

Table 1 The coefficients of concentration (Cс) of elements in relation to the clark of soil
Elements Agrochernozem migratory- micellar Agro-dark gray gleysoil

Organo-mineralhorizons Mineralhorizons Organo-mineralhorizons Mineralhorizons
Mn 0.62 0.60 0.45 0.35
Cu 2.05 1.68 1.70 1.74
Pb 2.10 1.85 1.83 1.76
Zn 1.28 1.12 1.18 1.12
Cr 0.52 0.48 0.60 0.63
Sr 0.34 1.01 0.34 0.20
Ba 1.00 0.96 1.00 0.96

Regularities of distribution in the other studied soils are
similar. It was ascertained that the most significantly
accumulate: Pb (Cc = 1.8-2.1), Cu (Cc = 1.7-2.0), Zn

(Cc = 1.1-1.3), and scatter: Cr (Cc = 0.5-0.6), and Mn
(Cc = 0.3-0.6).
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The Mn content in the organo-mineral horizons of
agrochernozems is higher than in the parent bedrocks:
528…500 mg/kg compared to 201...304 mg/kg. The
same regularity was observed for Zn: 63...75 mg/kg vs
39...55 mg/kg. At the same time for agro-dark gray
gleysoil the regularity for Zn is another: its content in the
upper horizon of the soil practically does not differ from
the content in the rock (59 and 63 mg/kg). The content of
the chalcophile elements in organo-mineral horizons is
1.1-1.5 times higher than in the bedrocks: for Cu it is
34...40 mg/kg compared to 14...29 mg/kg and for Pb –
18...21 mg/kg and 13.16 mg/kg, respectively. Again the
Agro-dark gray gleysoilis allocated, in which the content
of chalcophile elements in the organo-mineral horizons
is almost identical to the content in the bedrock.
According to the publications, Cr is characterized by the
absence of biogenic accumulation in the humus horizon
and by uniform distribution along the profile [14]. The
chromium level in soils varies greatly and depends on
the composition of the parent bedrocks on which soils
were formed 16. Cr accumulation was not also
revealed in the organo-mineral horizons of the studied
soils, which corresponds to the published patterns of this
element behavior. Its content was 99...119 mg/kg, and in
the bedrocks  109.120 mg/kg. The content of Sr,
according to [15], may vary within wide limits: 6...2010
mg/kg in topsoil and 8...3120 mg/kg in the subsoil. The
average content of Sr in this case is 89 mg/kg and 95
mg/kg, respectively. In the studied soils the content of Sr
in organo-mineral horizons varies in the range of
103...130 mg/kg, and in the bedrocks – 152...318 mg/kg,
which in general coincides with published data. For the
European soils the weak correlation between Sr and CaO
contents was determined [15]. In the studied soils and
bedrocks such correlation was not detected. Clear
differences between Ваcontent in organo-mineral
horizons of the studied soils and in parent bedrocks have
not been identified: 483...515 mg/kg and 463...494
mg/kg, respectively. Clarke ratio of Ba:Sr is 1.7 [2]. For
the studied soils and rocks it is 3.9...4.9 for organo-
mineral horizons, 1.6 7.9...for mineral horizons and
1.5...3.1 soil-forming rocks. The study plot is
characterized by the variety of parent bedrocks due to
the sloping nature of the relief and the action of the river
on the litho logical features of the bedrocks. Table 2
shows the content of elements in the parent bedrocks
compared with the standard world clarke of the
lithosphere. It was established that clark of Cr was
exceeded (Cc 1.3-1.4). All other elements are
characterized by the dispersion, thereby forming the
following series: Mn>Cu>Sr>Zn>Ba>Pb, i.e. manganese
is characterized by the most scattering, lead. Doesn’t
scatter and close to the clarke of the lithosphere Thus,
soil-forming bedrocks of the plot differ by the lower
content of the studied elements in comparison with the
clarke of the lithosphere, with the exception of

chromium. The comparison of the three types of
bedrocks shows that the alluvial loams have minimum
concentrations of all the elements, except chromium and
loess-like loams – maximum concentrations.

Table 2 The coefficients of concentration (Cc) of elements in
relation to the clarke of lithosphere by A. P. Vinogradov

Elements Тypes of sol forming bedrocks
Alluvial loams Loess loams Covering loam

sandclays
Mn 0.20 0.30 0.21
Cu 0.31 0.62 0.50
Pb 0.79 1.00 0.95
Zn 0.47 0.66 0.63
Cr 1.45 1.32 1.44
Sr 0.45 0.94 0.47
Ba 0.71 0.75 0.76

To assess the degree of soil contamination with chemical
substances the indicator “maximum permissible
concentration” (MPC) is used in Russia. According to
[17], MPC in soil is represented as complex index of
chemical substances in the soil, harmless to humans; the
criteria, using in the justification of its level, reflects the
possible exposure routes of the contaminant over the
contact environment, soil biological activity and
processes of its self-purification. Often for risk
assessment of soil contamination the degree of
protection of soil eco systems is taken into account, for
example, low risk –95% of the soil organisms are
protected, dangerous condition –to 50 % of soil
organisms are not protected [18]. In Canada, when
evaluating the content of barium in the soil, the nature of
land use Is taken into account: for agricultural land, the
standard is 500 mg/kg, and for residential and industrial
areas – 2000 mg/kg [13]. The MPC values and
approximate permissible concentrations (APC) to assess
the degree of pollution of soils and bedrocks were taken
from official sources [19, 20]. For Ваit is recommended
to use the value of the MPC according to foreign
sources, as in Russia, the limit of its content in soils is
not normalized [21]. Noteworthy, is the clear
contradiction between the background gross chromium
content in soil and maximum permissible concentrations
of this element. As noted in [12], Clarke of chromium in
soil is 2 times higher than the MPC values. In different
sources the different levels of chromium are given: 100
mg/kg [12] or 200 mg/kg [2]. In our work we used the
first of these values, as it was used by the authors of the
cited work for soils of the Belgorod region. The
evaluation results showed that in the organo-mineral and
mineral horizons of all studied soils the concentration of
Cr is at the level of the MPC or larger than 1.1-1.3 times.
Sr values are exceeding the maximum permissible
concentration only in one of the wells. However, as it is
pointed out by Yu. N. Vodyanitskii [2], the action level
does not take into account the partial nature of the
genesis of pollutants, whereby the danger is overstated
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on the area of positive geochemical anomalies, and it is
underestimated within the area of negative anomaly,
therefore, it is necessary to take into account the regional
background and provincial natural conditions for
determining the extent of soil contamination. In this
regard, we have been calculated the excess of the
regional background concentrations in arable layer of
soil for 6 elements (table. 3) as for the Сr data of
background values in the Belgorod region soils does not
exist. For the arable layer of soils the following
regularities are marked: the excess of the background for
Sr 2.7 times and Pb - 2.1 times
(agrochernozemhydrometamorphized); for Sr 2.1 times

and for Zn, Pb, Cu – 1.8-2.1 times (aagrochernozemclay-
illuvial); for Pb, Cu, Sr in 2 and more times
(agrochernozemmigratory-micellar); for Sr and Pb 2
times (agro- dark gray gley soil) It can be assumed that
the accumulation of Sr in the arable layer of the soil is
associated with the application of phosphorus fertilizers,
where it is a mixture. According to [22], phosphorus
fertilizers are the significant source of strontium, because
they contain from 0.5 to 4% of this element. Elevated
levels of lead can be related to its stability in organic
soils, where the average period of its saving is estimated
by hundreds or thousands of years [2].

Table 3 Exceeding of the regional background concentrations in the topsoil of the studied soils
Soils Elements

Mn Cu Pb Zn Sr Ba
Agrochernozemhydrometamorphized 1.70 1.76 2.10 1.51 2.74 1.41
Agrochernozemclay-illuvial 1.68 1.89 1.97 1.92 2.13 1.30
Agrochernozem migratory-micellar 1.74 2.03 2.22 1.43 2.00 1.34
Agro- dark gray gley soil 1.30 1.52 2.04 1.25 2.14 1.38

To assess the level of chemical contamination of soils,
he calculation of a comprehensive index of the total
contamination of soils (Zc) has been carried out,
formulated by taking in to account geochemical and geo
hygienic researches [17]:
Zc = ∑ (Cci + ...+ Ccn) - (n-1),

Where
Cсi – concentration coefficient of the i-th component of
pollution, Cс=Сi/Сbi,
Сi –e actual content of the defined substance in soil,
mg/kg;
Сbi - regional background levels of substances in soil,
mg/kg;
n – Number of the defined summarized substances.

The value of Zc in the topsoil of the studied soils varied
from 3.5 to 9.0, that is contamination of the arable layer
can be considered valid (ZS <16).

To study the interaction between the elements we have
been calculated the closeness of correlation connection.
The close direct relationship between Mn and Cu was
determined, the weak direct link between Zn and Cu, Pb,
and Cu, Pb and Mn, Zn, and Mnwas found and the weak
inverse connection between Cu and Sr. When assessing
the influence of the granulometric composition and acid-
base properties of soils on the content of the studied
elements it was discovered the close connection between
the content of silt particles and Cu (r=0.82) and the
content of silt particles and Mn (r=0.80). Also the weak
inverse relationship between the pH values and content
of Mn, Cu, Pb was revealed, and the weak direct
correlation between pH values and Sr content.

CONCLUSION:
Despite the large number of publications concerning the
problems of soils contamination by heavy metals the
scientific works assessing the degree of contamination of
different types of soils in different landscape conditions
continue to remain relevant due to the diversity of the
litho geochemical background. To enhance the reliability
of the study’s results it is necessary to resolve several
issues connecting the development of MPC and APC. In
particular, it requires the removal of the contradiction
between the background total chromium content in soil
and maximum permissible concentrations of this
element. Also it requires the strengthening of works on
rationing the content of barium in the soils, because the
using of foreign sources of MPC does not take into
account regional peculiarities of Russian soils. The use
of unified MPC values for the source depleted and
enriched by heavy metal soils is problematic when
comparing the content of heavy metals in the soils of
different granulometric composition. In this regard, the
submitted conclusions are valid for heavy loamy and
clay soils.

RESUME:
1. In the organo-mineral and mineral horizons of the
studied soils it is noted the excess of the clark of soil for
Pb, Cu, and Zn; the contents of Cr and Mnare lower then
clarke. In parent bedrocks in comparison with the global
conditional clarke of the lithosphere the slight excess of
Cr was revealed; Pb is close to clark of lithosphere; the
content of other elements is below clark.
2. In comparison with the regional background
concentration in the topsoil of the studied soils the
accumulation of Sr, Pb and Cu is taken place. In general,
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the contamination of the total arable layer by pollutants
can be considered valid (Zс<16).
3. The close direct correlation between the content of
manganese and copper, silt particles, and manganese, silt
particles and copper was revealed
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