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HEAVY METALS IN SOILS OF 20-KILOMETRE SUBURBAN ZONE OF ZHYTOMYR

The level of maintenance of heavy metals in soils on the territory of rural settlements of the
20-km suburban zone of Zhytomyr has been investigated. It has been established that the
principal pollutants of soil are fixed forms of copper (coefficient of concentration K, =
1,6-6,1), lead (K, = 5,8-20,1) and zinc (K, = 17,0-73,0) .
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A problem statement

Because of unsuccessful land reform and practical elimination of large collective
agricultural enterprises and replacing of them by shallow farmer economies, the
problem of soil contamination in rural locality has sharpened. It is related to the fact
that as a rule the specialists on ecologically safe and scientifically grounded application
of pesticides and agrochemicals are absent in farmer economies, that results in
contamination of soils and water sources of rural territories [10, 13]. Taking into
consideration that the state kept oneself aloof from the control after the use of land in
private sector and that the monitoring supervisions on the state of soils within the
limits of rural territories are not practically conducted, the ecological problems will be
urgent here in future, that is why researches of causes and effects of their display are
actual.

The analysis of recent publications

The heavy metals and their connections are characterized with considerable
stability, high toxic properties, expressed cumulative properties and negative influence
on man’s health and acquire the most priority value among the numerous
anthropogenic pollutants of biosphere [3, 5, 8]. Soils are the natural stores of heavy
metals in the environment and the basic source of contamination of contiguous
environments, including higher plants. Almost 90 % of heavy metals are accumulated
by soil, and then migrate into natural water and absorbed by plants and penetrates into
trophic chains the eventual link of which is a human organism [9]. The ground cover in
the conditions of strengthening of processes of technogenesis feels considerable
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anthropogenic influence not only within the limits of the urbanized territories but also
on the territory of rural settlements. It is necessary to say that there are a number of
factors that draw the origin of ecological problems within the limits of rural territories.
In particular, through the sharp diminishing of total number of cattle and pigs the
amount of wastes of stock-raising — the basic source of organic fertilizers - went down
perceptibly. The last resulted in wide uncontrolled and scientifically not grounded
application of mineral fertilizers by the private landowners on the small landed
holdings, as a result, except the nourishing elements, a lot of toxic elements which are
contained in composition mineral fertilizers as a ballast matters are brought into soil
[12, 13].

Purpose, objects and methods of research

The purpose of research is to estimate the levels of contamination of soil with the
gross and fixed forms of heavy metals (Cu, Pb, Cd and Zn) on the territory of rural
settlements of 20-km suburban zone of Zhytomyr, and the establishment of features of
accumulation of heavy metals in the components of agrolandscapes.

The researches were conducted during 2009-2013 within the limits of such rural
settlements: Luka, Pryazhiv, Kalynivka, Bystri, lvanivka, Novoselytsya, Pischanka,
Perlyavka, Pisky, Gadzynka. The settlements were selected to cover all suburban zones
with the radius of 20-km. The probed territory is presented mainly by soddy-podzolic
and grey podzolic soils, the profile of which was partly or fully broken to the depth of
50 cm as a result of anthropogenic influence and their physical and chemical and
agricultural properties were changed. The amount of samples of soil from every private
holding was determined by its general area. The samples were selected from the layer
of soil in depth of 0-20 sm [7].

The content of mobile nitrogen in soil was determined according to Kornfild
(TOCT 26211-84); mobile phosphorus and exchange potassium — according to the
method of Kirsanova in modification of NSCISA (ACTY 4405:2005); the content of
humus — according to the JICTVY 4286:2004; pHyc; — according to the TOCT 26483-
85. Extracting of gross forms of heavy metals has been carried out with concentrated
HNO; according to the requirements [6], and the extracting of fixed forms of heavy
metals — with 1u of HNOs. For elemental analysis, an atomic absorption spectrometer
(C 115-1M) was used. Pb and Cd levels in the samples were determined by HGA
graphite furnace, using argon as inert gas. Other measurements were carried out in the
airfacetylene flame. All the experimental data have been reported in mg/kg. The
technogenic of part of heavy metals was determined after the method that has been
described in [1]. The estimation of the content of Cu, Pb, Cd and Zn in soil was based
on determination of such geochemical coefficients, as a coefficient of concentration of
element (K,) [11] and index of saturation of soil by the element (s) l¢ [4]. The total
index of contamination of soil Z, was determined for the estimation of multielements
anomalies that characterize the presence of various pollutants in soil and the average



exceeding of their concentration in relation to the background [2]. The statistical
processing of experimental data has been carried out with the application of Microsoft
Excel and Statistica 6.0.

Results and discussion. It has been determined that the soils within the limits of
20-km suburban zone of Zhytomyr are mainly presented by the soddy-podzolic
varieties of different particle-size, which have been formed on water-glacial deposits,
rarer — by the gray-podzolic varieties of loamy and sandy loam particle-size soils
(v. Pisky, v. Pryazhiv), on occasion — by chornozems and turf soils (v. Perlyavka,
v. Luka). Agricultural chemistry properties of arable layer of the soil vary dependence
on the degree of cultivation of the soil (tab. 1).

The average content of humus in soils is at the level of 1,8-4,0 %, on occasion
arriving at 4,5-5,1 %, pH of the ground solution hesitates from weak acid to neutral
(pH = 5,1-7,5). Urbosoils have high and ever-higher content of mobile phosphorus and
potassium that varies within the limits of 239-1081 mg/kg and 124-1000 wmg/kg
accordingly. In general the soil on the territory of suburban rural settlements is
characterized by favourable agricultural chemistry indices for growing vegetables and
potato and is well cultivated in the process of individual market-gardening.

Table 1. Agrochemical and physical and chemical indices of soils of rural
settlements within the limits of 20-km suburban zone of Zhytomyr,
2009-2013, topsoil 0-20 cm, n=152

Inspected Content of humus, %
area, ha 1,5-2,0 2,0-2,5 2,5-3,0 3,0-35 3,5-4,0
228 312 49,8 234 248
15,0 20,5 32,8 15,4 16,3
pH of soil solution
5,0-5,5 5,5-6,0 6,0-6,5 6,5-7,0* 7,0*-7,5*
253 152 304 45,6 355
16,7 10,0 20,0 30,0 23,3
Content of mobile nitrogen, mg/kg of soil
60-70 70-80 80-90 90-100 100-120
152 ha 304 228 254 82,9 40.5
20,0 15,0 16,7 21,7 26,6
Content of mobile phosphorus, mg/kg of soil
200-400 400-600 600-800 800-1000 1000-1100
304 355 27,8 431 152
20,0 23,3 18,3 28,4 10,0
Content of exchange potassium, mg/kg of soil
100-200 200-400 400-600 600-800 800-1000
17,7 405 50,7 253 17,7
11,7 26,6 33,3 16,7 11,7

Note:: 1) numerator — ha; denominator — % percents from the inspected area; 2) * — pHmo



Gross content of Cu, Pb, Cd and Zn in the soil differs in dependence on type of the
rock on which the soils within the limits of settlements have been formed. The content
of gross forms of copper varies from 12,4 to 28,2 mg/kg that corresponds to average
content of this element according to the classification for acid and weak acid soils [2].
Exceeding of maximum amount concentration of gross copper in soil has not been
fixed. The content of gross forms of zinc in soils of rural territories hesitated from 14,7
to 82,6 mg/kg, that corresponds to the average and enhanceable content of this element
according to the classification for acid and weak acid soils [2]. Exceeding of maximum
amount concentration of gross zinc in soil has not been fixed. The content of gross
forms of lead in soils of rural territories hesitated from 2,8 mo 22,7 mg/kg, that
corresponds to low and middle content of this element according to the classification
for acid and weak acid soils [2]. Exceeding of maximum amount concentration of gross
lead in soil was not been fixed. The content of gross forms of cadmium in soils of rural
territories hesitated from 0,12 to 0,96 mg/kg, that correspond to enhanceable and high
maintenance of this element according to the classification for acid and weak acid soils
[2]. Exceeding of maximum amount concentration of gross cadmium in soil has not
been fixed.

It is very important to have information about technogenic constituent in total
content of gross form of heavy metal in soil for the ecological estimation of
contamination. The technogenic part of heavy metals can be used for this purpose
because this index characterizes the part of technogenic element in its total gross
content in soil. The results of calculation of this index are presented at tabl. 2.

Table 2. Technogenic part of heavy metals in soils of rural settlements within
the limits of 20-km suburban zone of Zhytomyr, %

Place of selection of soil samples Cu Pb Cd Zn
Pischanka, n = 10 H H H 73
Pryazhiv, n = 20 50 52 78 51
Kalynivka, n = 16 53 56 H 74
Bystri, n =12 52 57 61 69
Ivanivka, n =24 H H H 60
Novoselytsya, n = 8 51 H H 52
Perlyavka, n = 8 52 H H 62
Pisky, n =20 67 H 51 58
Luka, n=20 H H 63 H
Gadzynka, n =14 69 71 62 75

Note: » — low (unreliable) technogenic orientation of element.

The high and medium technogenic orientation of copper has been set for soils of
all settlements, with the exception of Luka, Pischanka and lvanivka, where it has been
low. The medium technogenic orientation of lead characterizes the soils on the territory
of Kalynivka, Pryazhiv and Bystri, the high technogenic orientation — the soils on the
territory of Gadzynka. The medium technogenic orientation of cadmium is



characteristic for the territory of Bystri, Pisky, Luka and Gadzynka, the medium
technogenic orientation of zinc is characteristic for the territory of all villages with the
exception of Luka where it has been low. It is necessary to say that only the soils of
Pryazhiv are marked by medium technogenic orientation of cadmium. The technogenic
orientation of investigational heavy metals in soils of rural territories forms a range
like: Zn > Cu > Cd > Pb.

As for the content of fixed forms of heavy metals, it is set that on the territory of
rural settlements copper, lead and zinc are the priority pollutants of the soil because
their concentration exceed the background content considerably.

The soil within the limits of Gadzynka is characterize by the maximal amounts of
fixed copper because Kr makes on the average 6,1. High concentration of copper is
characteristic for the soil within the limits of agrosettlements landscapes on the
territory of Pisky, where Kr of fixed forms makes on the average 5,7. The minimum
values of K,, of fixed forms of Cu that hesitate from 0,6 to 3,3 have been indicated in
the soil on the territory of Luka. As copper is an essential trace element, the level of
soils provision with this element within the limits of the probed territory is high even
for the cultures of high accumulation.

The maximal amounts of fixed forms of zinc are concentrated in soils on the
territory of Kalynivka and Pischanka (K, = 73,0 — 76,2 accordingly). The high K, of
fixed forms of zinc is indicated in the soils on the territory of Perlyavka, Bystri and
Gadzynka where the mid-coefficient of concentration of this element arrived at 60,2 —
69,5. The soils on the territory of Luka contain the least amounts of fixed zinc. The
coefficient of concentration of this element in soil does not exceed 17,0. As zinc is an
essential trace element, as well as copper, the level of soils provision with this element
within the limits of the probed territory is high even for the cultures of high
accumulation.

As for lead, the high concentrations of its fixed forms contained in the soils on the
territory of Kalynivka, Bystri and Pryazhiv, where K, of lead arrives at 17,2-20,1 on
the average. The minimum concentrations of fixed lead is contained in the soils on the
territory of Luka and Pischanka, where the coefficient of its concentration does not
exceed 6,0-6,2.

The concentrations of fixed forms of cadmium appeared the least in soils. The
indices hesitates from 0,60 (Pischanka) to 0,86 (Pisky). It is necessary to mark that the
content of cadmium in soil exceeded background (K, = 1,02-1,84) on the territory of
Pryazhiv, Bystri and Luka, while in the soils of other probed rural settlements the
coefficient of its concentration was < 1.

It is possible to estimate the general ecological state of the probed territory as for
its contamination by heavy metals using the total index of contamination by heavy
metals. We can also use the index of saturation by heavy metals of 0 — 20 cm topsoil
for description of accumulation of elements (tabl. 3).



Table 3. Coefficient of concentration, total index of contamination and index of
saturation by heavy metals of soils of rural settlements within the limits of 20-km
suburban zone of Zhytomyr

Coefficient of concentration, K, I?dex .Of
. Total index of sa ur{itlon
Place of selection of Lo of soil by
soil samples contamination, heavy
Cu Pb Cd Zn Zc
metals,
Teicupb cd zn
Pischanka 3.3 6.2 0.60 16.2 66.9 5.1
1,8-5,7 1,5-10,4 |0,18-1,05 (26,5-127,3 26,9-144.8 1,9-10,2
Pryazhiv 3.7 172 175 39.3 61,7 8.1
1,8-6,1 | 12,1-20,0|0,75-2,91 | 14,3-65,8 25,9-95,1 3,9-12,6
Kalynivka 3.8 20,1 0.81 730 97,6 8.2
1,9-6,0 | 14,9-26,0 | 0,29-1,20 |41,8-99,3 55,0-132,8 4,3-12,5
Bystri 3.9 194 1.84 658 90,8 9.7
2,3-5,9 |14,6-24,9|0,65-2,71 | 30,8-83,8 45,3-117,5 5,1-13,8
Ivanivka 3.2 5.8 0.76 472 56,7 51
1,7-5,3 | 1,4-10,2 |0,36-1,35 |21,8-73,2 22,1-89,8 2,1-8,4
Novoselytsya 3.5 72 0.72 44.0 254 53
2,0-61 | 1,8-11,6 |0,28-1,15 |18,5-71,7 19,5-91,3 2,2-9,8
Perlyavka 3.9 74 0.78 69,5 74,0 6.0
1,9-6,0 | 3,5-12,9 |0,31-1,30 |25,7-125,5 28,2-146,1 2,7-11,2
Pisky 57 7.6 0.86 513 654 6.6
3,0-7,2 | 3,8-13,4 |0,30-1,40 [22,8-116,3 26,2-139,7 2,9-124
Luka 16 6.0 1,05 17,0 257 3.6
0,6-3,3 | 1,5-10,4 |0,50-2,05 | 6,6-39,2 6,2-55,0 1,3-7,4
Gadzynka 6.1 118 1,02 60,2 792 8.2
3,6-8,7 | 5,2-15,7 |0,45-1,50 [23,4-122,4 29,6-147,3 3,8-12,7

Note: numerator — average value of index, denominator — the limits of changeability of
index.

In obedience to the comparative evaluation scale of soil contamination hazard the
soils within the limits of all of the probed rural settlements of 20-km of suburban area
after the total index of contamination of Zc fall into the category of dangerous
contamination and are useless for growing potato and vegetables. An exception makes
only the soil on the territory of Luka, where the situation is characterized as moderato
dangerous. It is necessary to add that only the soils on the territory of Luka is suitable
for growing any culture without limitations, however undercontrol of their quality. The
most dangerous situation with contamination of soil by heavy metals has been formed
on the territory of Kalynivka (Z. = 97,6) and Bystri (Z. = 90,8). The indices of
saturation by heavy metals 0 — 20 cm of topsoil, which considerably exceed unit and on
the average hesitate from 3,6 to 9,7 testify the predominance of processes of
accumulation of pollutants in soil. According to the intensity of contamination of soil
of agrosettle landscapes, the probed heavy metals form such range: Zn > Pb > Cu > Cd.




Conclusion: 1) The soils within the limits of rural settlements of 20-km suburban
zone of Zhytomyr is well-cultivated in the process of individual market-gardening and
characterized favourable agrochemical and physical and chemical properties for
growing potato and vegetables. 2) The priority pollutants of soil of agrosettle
landscapes are fixed forms of copper (coefficient of concentration K, = 1,6-6,1), lead
(K, = 5,8-20,1) and zinc (K, = 17,0-73,0). 3) The character of pollutants distribution
in soil has the mosaic character, because the area of contamination point makes from
32 to 65 % of inspected territory, and the area of the most intensive contamination
makes from 7 to 18 % of inspected territory. 4) The processes of accumulation of
pollutants in agrosettle landscapes considerably exceed the processes of their
dispersion (index of saturation of soil by heavy metals leicy po ca zn = 3,6-9,7). 5) The
territory within the limits of Bystri and Kalynivka is the most dangerous as for
geoecology of contamination of the soil by heavy metals (Zc = 90,8-97,6).

Subsequent researches should be concentrated on more detailed inspection of the
territory of agrosettle landscapes of suburban area of Zhytomyr as for the
contamination of soil and plant cover by heavy metals and creation of raster map of
contamination of this territory.
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