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This work examines the method of geoinformation modeling in determining the degree of soil pollution by Pb 
compounds in the highway ecosystems, used as agricultural areas. The methodology allows identifying the 
spatial parameters of the area of pollution and the territories safe for cultivating crops by determining the actual 
level of soil contamination. The actual level of pollution (ALP) reflects the estimated balance of Pb compounds 
in soils over a specified period of time and the duration of pollution (or decontamination) period under the con-
ditions of existing anthropogenic pressure. ALP is defined as the difference between the calculated amount of 
Pb compounds that have been introduced into the soils of the geosystems from the main sources of emissions 
and their calculated amount that has been lost from the soil and/or removed from migratory flows (by being 
transferred to the state conditionally inaccessible by plants), for the same time interval. Methodology verifi-
cation took place in the geographic area representative of forest-steppe zone of Ukraine by its environmental 
conditions and agricultural use. Methodology implementation was conducted by building spatial regional data-
bases, utilizing the data from field and laboratory soils studies and open sources of digital spatial data. Based 
on geoinformation modeling, we determined the configuration and quantitative characteristics of the primary 
zone of contamination of the soil surface layer with Pb compounds. We presented the calculation procedure of 
quantitative indicators of soil decontamination from Pb compounds as they redistribute through the soil profile 
via main geochemical scenarios. We also provided the rate of this process under the conditions of the existing 
anthropogenic pressure. Using modeling results, we mapped areas of removal, transit and accumulation of Pb 
compounds and territories receiving pollution from highway geosystems. Verification of the modeling results 
during laboratory studies proved the objectivity of the proposed methodology in determining the current levels 
of pollution with Pb compounds. Our methodology could be utilized for a set of different environmental factors 
as well as other heavy metals with a purpose of identifying areas safe for cultivating crops.
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Introduction
The protection, regulation and planning of the land-
scapes were recognized by the European Landscape 
Convention as primary tasks in future landscape 
management (European Landscape Convention, 
2000). These tasks formulate the relevant missions 
for modern environmental studies, in particular: pres-
ervation and maintenance of key features of the land-
scapes, provision of constant care of the landscapes 
and implementation of the measures to improve the 
future state of landscapes. Such tasks determine the 
need to identify changes in the levels of pollution of 
individual landscape components that are necessary 
to understand in order to maintain landscape’s current 
and future stable states.

One of these components is the soils, which most fre-
quently concentrate flows of chemical elements, thus 
linking the landscape and geochemical systems into a 
single whole. In addition, the soil can act as a natural 
buffer that controls the transfer of chemical elements 
to other components of geosystems, where soil prop-
erties determine the rate of movement of chemical 
elements.

Heavy metals (HM) including Pb are elements that 
form the ecological state of soils near highways. Af-
ter all, vehicle emissions for a long time were, and 
some places remain, the main source of HM pollution. 
In recent decades, elemental inputs have declined 
significantly as a result of increasing fuel quality re-
quirements (DieselNet, 2017). Nevertheless, soil pol-
lution with Pb compounds remains to be a problem 
because, firstly, Pb compounds continue to get into 
soil with vehicle emissions, although in small quan-
tities and, secondly, the HM compounds have a ten-
dency to accumulate in soils because of prolonged 
residence time. These features explain a rather fre-
quent phenomenon of harmfully excessive current 
concentrations of Pb compounds in soils near high-
ways. The characteristic quality of these compounds 
is their negative effect on the state of soil organic 
matter (Chibuike and Obiora, 2014). In addition, under 
certain conditions, Pb could freely migrate between 
the components of the geosystems, in particular, to 
be absorbed by plants (Minkina et al., 2011), including 

crops, because agricultural lands are often located 
within the influence of roads. Consumption of plants 
grown near the roads is unsafe for people because 
Pb compounds are toxic and capable of accumulat-
ing in the body. Therefore, the study of redistribution 
of HM compounds in soils of highway geosystems is 
an important area in environmental and geochemi-
cal research. Thanks to such research, it is possible 
to identify agricultural lands that are safe for growing 
agricultural crops, as these are essential for Ukraine 
in the light of the opening of European markets.

The research of the pollution of geosystems by HM 
compounds along highways continues to attract the 
attention of scientists around the world. In particular, 
topics of interest include the formation of a general 
area of pollution along the highways (Pagotto et al., 
2001) including cities (Duong and Lee, 2011; Vlasov, 
2017), and the link between the level of soil pollution 
and other components of the geosystem, in particu-
lar, vegetation cover (Minkina et al., 2011; Pivić et al., 
2013; Viard et al., 2004). Separate research is focused 
on the quality of agricultural lands in the area of in-
fluence of highways (Nath, 2015). As these and other 
studies show, the general trend is reduced concentra-
tions of pollutants in soils with an increased distance 
from the source of emission. However, often territo-
ries located further from the source have higher con-
centrations of pollutants due to the redistribution of 
pollutants in the soils following the main geochemical 
scenarios (Sorokina, 2008). The difficulty assessing 
the state of geosystems and the rate of their pollution 
is associated with the permanent nature of the inputs 
of pollutants into the geosystems and the heteroge-
neity of redistribution mechanisms of pollutants in 
soils. This necessitates the implementation of model 
construction with the use of GIS technologies (Fac-
cinelli et al., 2001), in particular, when determining the 
spatial characteristics of the area of pollution.

In our previous work (Galagan, 2013a, 2013b, 2014a, 
2015; Halahan and Korohoda, 2014b), we suggested 
using modeling while taking into account the leading 
factors of input and the main mechanisms for the de-
contamination of geosystems. Such modeling would 
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allow calculating the HM balance in geosystems and 
determining the actual levels of geosystems contam-
ination. However, the model requires validation to 
make sure it works for the territories with a variety 
of physio-geographical conditions, and therefore a 
variety of geochemical scenarios of redistribution of 
heavy metals in soils. The purpose of this work was 
to implement the aforementioned modeling in typical 
forest-steppe conditions of Ukraine covering approx-
imately 30.3% of the Ukrainian plains and containing 
predominantly agricultural land.

The objectives of this study were as follows: 1) to de-
termine the main provisions of the methodology of 
geoinformation modeling while identifying the actual 
levels of soil pollution by HM compounds; 2) to model 
the actual level of pollution for the study area with typ-
ical forest-steppe environmental conditions; 3) based 
on modeling results, to identify agricultural lands that 
are safest for planting; and 4) to identify geographic 
distribution and determine the levels of HM compound 
contamination for those geosystems that do not fall 
directly into the zone of influence of roads, yet are sub-
jected to pressure from highway geosystems.

Methods
Properties of heavy metals and the landscape-geo-
chemical conditions determine territorial spread and 
behavioral mechanisms of vehicle emissions as well 
as the effectiveness of landscape-geochemical meth-
ods for assessing the spread of pollutants in geosys-
tems (Sorokina, 2008). In our recent work, we have 
recommended a method for identifying areas that are 
safe for cultivation of crops by determining the actu-
al levels of soils pollution of geosystems by Pb com-
pounds. The actual level of pollution (ALP) is calculat-
ed as the difference between the computed amount of 
Pb compounds that have been introduced into the soil 
of geosystems from the main sources of pollution and 
their estimated amount that has been removed from 
the soil and/or migratory flows (transferred to form 
conditionally inaccessible by plants), for the same 
time interval (Halahan, 2017). Thus, ALP reflects the 
estimated balance of Pb compounds in soils of the 

highway geosystems over a specified period of time 
as well as the change of the level of pollution, that is, 
the rate of pollution (or decontamination), under the 
conditions of existing anthropogenic pressure. To de-
termine the ALP, we propose using the general mod-
eling algorithm (1).

Poll.h.m. = Cont.h.m. – Cl.h.m (1)

where: Poll.h.m. – the indicator of ALP; it reflects the 
quantity of HM that changes the level of pollution in 
highway geosystems under the conditions of existing 
anthropogenic pressure;  Cont.h.m. – the indicator of 
contamination; it characterizes the estimated quantity 
of HM introduced into soil of geosystems with vehicle 
and industrial emissions from agriculture as well as 
from migration of HM compounds from geosystems 
located above in catenary conjugation for a certain 
period of time;  Cl.h.m. – the indicator of decontami-
nation; it is based on the properties of the geosystem 
components and characterizes the estimated amount 
of HM that have been removed from soil and/or mi-
gratory flows (transferred to a form conditionally in-
accessible by plants) for the same time interval as 
Cont.h.m. (Halahan, 2017).

The ALP calculated as a difference between Cont.h.m. 
and Cl.h.m. allows identifying the term during which 
the change of the level of soil pollution with Pb com-
pounds will occur.

Each model indicator corresponds to a certain stage in 
geoinformation modeling supporting its own models 
and methods: acquisition, accumulation, preservation 
(in the form of an electronic database), analysis and 
display of interim and final modeling results. Geoin-
formation modeling, unlike others, allows determin-
ing the spatial parameters of the area of pollution 
and calculating the “density of phenomenon” on the 
studied territory, as well as the dependence between 
several geoparameters, for example, the character-
istics of the terrain and the accumulation of chemical 
elements (Galagan, 2013a).

In the general process of modeling, the main geo-
information and mathematical models were used to 
describe the distribution patterns of heavy metals in 
geosystems:
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 _ Models of spatial distribution of heavy metals in 
the atmospheric air from a technogenic sources 
of emissions, particularly, models based on equa-
tions of turbulent diffusion (Berliand’s model). The 
parameters used in this model are both the intensi-
ty of the emission source and the physical and geo-
graphical factors of impurity distribution, in partic-
ular, the relief and microclimatic characteristics of 
the territory (including wind speed and direction). 
As such, the use of this model allows obtaining the 
spatial characteristics and intensity of the primary 
area of pollution. However, the methodology could 
use the dispersion of an impurity by Gaussian for-
mulas, recommended by the European Economic 
Community and the meteorological services of 
many countries.

 _ Erosion models that describe the movement of in-
soluble soil compounds in the scenarios of lateral 
migration and could be used to study the behav-
ior of bound heavy metals (Kovalchuk et al., 2009; 
Mkrtchyan, 2004). These models take into account 
such parameters as: 1) concentrations of lead com-
pounds in the surface layer of the soil; 2) properties 
of soils that determine their erosion resistance and 
migration ability of pollutants: mechanical compo-
sition, permeability, structure, humus content, etc.; 
3) topographic factors of the terrain that determine 
the rate of erosion processes, namely slope shape, 
length and gradient; 4) the amount of annual pre-
cipitation and its type, which determine its erosion 
capacity; 5) the presence and type of vegetation in 
the area. 

 _ Models that describe the biogenic migration of 
substances in the geosystem, in particular, the mi-
gration of heavy metals in the soil-plant system. 
Biological absorption coefficient is the parameter 
used in such models.

The verification of the simulation technique took place 
during the field studies of soil characteristics in field 
sites (samples of soils were collected at 109 sites) con-
taining landscape conditions representative of the Pb 
compound migration direction and the migration rate. 
Soils were selected from the upper horizons (0–20 cm). 

We conducted laboratory studies of soil character-
istics to determine the migration conditions of Pb 

compounds (pH, granulometric composition, humus 
content). We also conducted laboratory analysis of 
the soil samples to determine the concentration of 
Pb in the soils. Contents of Pb compounds were de-
termined using X-ray fluorescence (Anjos et al., 2000) 
and atomic absorption spectrophotometry (Minkina 
et al., 2011). These studies were conducted with the 
aim of identifying the key conditions of migration of 
Pb compounds in soils of the test area and examin-
ing the provisions of the modeling methodology. The 
studies have completely confirmed the spatial char-
acteristics of the area of pollution, modeled using the 
recommended methodology.

To model the processes in this site, we created spa-
tial databases based on the Google Earth and Open-
StreetMap cartographic web services. In addition, we 
used thematic bitmap electronic maps that we vector-
ized. The initial scale for mapping was 1:10,000.

In order to calculate the actual levels of soil pollution 
by Pb compounds in highway geosystems, we de-
termined the quantitative characteristics of the first 
component of the model algorithm (1). This compo-
nent reflected the total quantity of Pb compounds 
brought into the geosystem. The method of calculat-
ing the first model index Cont.h.m. and specifying HM 
quantity, taking into account the main ways of their 
input (vehicles, industry, agriculture and geosystems, 
which are at the highest hypsometric level and can 
become the source of contamination as a result of 
migration of pollutants), was previously presented in 
our work (Halahan, 2017). Natural and anthropogenic 
factors affecting the amounts of Pb compounds com-
ing from vehicles and the methods for refining their 
amounts were presented in the paper (Halahan and 
Korogoda, 2018).

After obtaining the quantitative values of the inflow of 
Pb compounds to lower atmospheric layers, we used 
a model of dispersion of impurities in the atmosphere 
(Galagan, 2014) and determined the surface area of 
the near-to-earth atmospheric layers affected by con-
tamination (Halahan and Korohoda, 2014b). Then, we 
calculated the quantity of Pb compounds deposited 
from the atmospheric layers to the soil surface us-
ing regression analysis. Regression equations were 
used because the metals content in the near-to-earth 
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atmospheric layers reliably correlates with their con-
centrations in the upper layer of soil (Halahan, 2015).

Because Pb compounds in soils could be present in 
both soluble and insoluble forms and their redistribu-
tion occurs via pathways of lateral and radial migra-
tions, fixation on geochemical barriers, and biogenic 
migration, there is a need to model all of these sce-
narios. Consequently, the modeling process of indica-
tor Cl.h.m. includes the following steps with the crea-
tion of the corresponding database modules:

1 Decontamination of soils from Pb compounds as a re-
sult of lateral migration. This module makes it possi-
ble to determine the levels of Pb compounds removed 
from the geosystems (Svetlichny et al., 2004).

2 Decontamination of soils from Pb compounds as a 
result of radial migration. This module utilizes meth-
odology from Methodendokumentation "Bodenkunde" 
(2000) and makes it possible to determine:

 _ areas where migration of soluble forms of lead 
occurs;

 _ intensity of migration processes;

 _ the level of safety concern associated with the 
use of area for agriculture.

3 Decontamination of soils from Pb compounds as a 
result of fixation on geochemical barriers. This mod-
ule makes it possible to determine the amounts of 
Pb compounds to be removed from migratory ele-
mental flows.

4 Decontamination of soils from Pb compounds as a 
result of biogeochemical processes. This module al-
lows determining the quantity of HM removed from 
the geosystems (for example, with the harvest) and 
the degree of pollution of agricultural crops.

Calculation and geoinformation modeling of the level 
of Pb compounds removed from the geosystem as a 
result of lateral migration is necessary for those HMs 
that are in an insoluble form. It is necessary to deter-
mine the direction and intensity of mechanical later-
al migration of such compounds in the studied area. 
Based on these data, we compiled a map of Redistri-
bution of Pb compounds in the surface layer of soils as 
a result of mechanical lateral migration. In our calcu-
lations, we utilized the methodology of determining 
the amounts of soils eroded from the area (Kovalchuk 
et al., 2009; Mkrtchyan, 2004).

The parameters we took into account included the size 
of the primary area of the soil’s surface layer contam-
inated with Pb compounds and processes affecting 
the mechanism of soil decontamination as a result of 
lateral migration. Such a mechanism is characterized 
by factors that determine the erosion resistance of 
soils and the intensity of erosion processes, namely, 
physical and chemical properties of soils (mechanical 
composition, drainage properties, structure, humus 
composition), terrain features (length and tilt of the 
slope), hydro-climatic characteristics of the territory 
(the nature and extent of annual precipitation) and 
vegetation type (its presence and species compo-
sition). The application of these indicators gives the 
opportunity to calculate the amount of soils removed 
from a particular area over a certain period of time 
and, accordingly, the quantity of HM in an insoluble 
form moved with a total weight of soil.

For model construction, we utilized a relational geoda-
ta database containing information on the properties 
of soils including attribute characteristics determining 
erosion susceptibility. For the soils in the study area, we 
determined coefficients that reflect the conditions sup-
porting the flow of mechanical lateral migration. These 
formed the attribute components of the database and 
included the following: potential erosion coefficient (Kb), 
soil skeletal coefficient (Ks), terrain topographic factor 
(LS), erosion index of precipitation (R), coefficient of veg-
etation influence (C), and factor of anti-erosion measures 
(P). Based on these data, an overlay with appropriate 
thematic layers was performed. The indicator Efw was 
determined from the eroded soil mass (metric tons) per 
unit area (hectare) over a time period (year) using for-
mula (2) (Methodendokumentation "Bodenkunde", 2000).

Efw = Kb · Ks · L · S · R · C · P (2)

The overlay analysis of the digital soil map (the val-
ue of Efw) and the map Contamination of the surface 
layer of soils… allowed determining the amount of Pb 
compounds removed by mechanical lateral migration 
in this time period (Ehm) as (3).

Ehm = Efw · γ (3)

where:  indicator Efw – the amount of soil that is re-
moved from the area;  y – the concentration of Pb 
compounds in the surface layer of soil.
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In geoinformation modeling, we utilized a digital relief 
map to create a digital model of the terrain of the ter-
ritory in the form of an irregular triangulation network 
(TIN) following the Delaunay triangulation algorithm 
(Galagan, 2013a). The number of triangles in the study 
area was 102,524. Each triangle in such a network 
was a part of the surface with unique and homoge-
neous spatial characteristics, which made it possible 
to treat it as the minimum parcel in mathematical 
modeling. Further, the calculations of all parameters 
were carried out in the indicated triangles as average 
values, weight by areas of triangles. In particular, the 
slope length l (m) and slope tilt s (%) were identified 
in each triangle and, accordingly, the relief-dependent 
migration factor LS was calculated.

Overlay analysis of the triangulation network and the 
map Contamination of the surface layer of soils… al-
lowed the corresponding values of the pollution area 
in each parcel to be obtained. In order to determine 
the quantity of Pb compounds that migrate in the sce-
nario of lateral migration, overlays with digital maps 
Contamination of the surface layer of soils, Soils, and 
Plant cover were conducted for the study sites. Based 
on this analysis, we calculated:

a the coefficient of potential erosion of soils Kb, with 
the help of our calculation module database, which 
was based on the nomogram of Wischmeier, Jonn-
son and Cross;

b The amount of soil (Efw) and Pb compounds (Ehm) 
that could potentially be removed from the site 
through erosion processes, according to formulas 
(2, 3). This step fulfilled our modeling goal, which 
was the determination of quantitative indicators of 
soil decontamination from Pb compounds as a re-
sult of the lateral migration.

It should also be taken into account that for every 
“lower” in the catenary conjugation a certain amount 
of HM gets into the site from the “higher” catena-
ry link, and then, along with Pb compounds, direct-
ly from anthropogenic emissions sources migrate 
downslope. This algorithm made it possible to calcu-
late the mechanical redistribution of heavy metals in 
the surface layers of the soil. A separately developed 
specialized module allowed determining the direction 
of movement of matter and building a graph of “lateral 

migration between parcels”. Because the algorithm 
takes into account migration of Pb from the “higher” 
catenary link, it was possible to calculate total Pb in-
put as a sum of Pb amounts accumulated on the sur-
face of the soil directly from the air and Pb amounts 
that migrated downslope. The residual amounts of 
lead were calculated as the difference between inputs 
and outputs of HM in the process of lateral migration. 
This algorithm allowed calculating the parameters of 
the decontamination of geosystems, but also helped 
to determine the final component of the equation, 
namely the size of the influx of Pb compounds that 
enters the soil from the conjugated geosystems.

The values of the “contamination – decontamination” 
parameters for geosystems in general were obtained 
as averages weighted by the areas of triangles. As a 
result, the thematic layer Redistribution of Pb com-
pounds in the surface layer of soil as a result of later-
al migration was received; it reflects the residual HM 
quantities in the geosystems, as well as zones of lead 
mobilization, transit, and accumulation.

However, only a comprehensive analysis of lateral 
and radial redistribution makes it possible to identify 
areas harmful to humans, since in some places, the 
highest index of heavy metal content in the soil is not 
critical for growing agricultural products. On the oth-
er hand, insignificant content of HM in the soil, un-
der certain conditions, is the source of the greatest 
potential safety concern for plant crop pollution. Ac-
cordingly, the next step in the implementation of the 
methodology was to determine the magnitude of the 
redistribution of Pb compounds in the surface layer of 
soils during the radial migration. The process of radi-
al migration of lead compounds could be accelerated 
in presence of certain characteristics of the geosys-
tem’s components, in particular soil acidity, fulvic type 
of humus, lightweight mechanical properties, lack of 
carbonates, etc. In addition, any of these factors may 
act as limiting and, accordingly, either slow down or 
completely halt the radial migration process.

The calculations were carried out as follows: 

for each indicator of pH in soil, according to the meth-
od (Methodendokumentation “Bodenkunde”, 2000), 
the so-called “binding score” (B(pH)) was provided (Ta-
ble 1). The individual ability of metals to turn into a 
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soluble form and migrate with different indicators 
of the acidic reaction of soil determines the attribute 
B(pH). For example, the mobility of Pb is limited by a 
geochemical barrier, if the pH of the salt extraction 
is higher than 4.2. The conditions in such a substrate 
are unfavorable for radial migration of Pb, hence its 
redistribution will be mainly in the scenarios of lateral 
migration.
If the pH level is less than or equal to the limit (for 
example, the lead-binding score is 4.0 (Table 1.)), the 

pH of the salt extraction Binding score B(pH) Migration of soluble forms of Pb

<2.5 0 Very fast

2.5–2.7 1 Fast

2.8–3.2 2.0 Accelerated

3.3–3.7 3.0 Normal

3.8–4.2 4.0 Difficult

higher than 4.2 5.0 Conventionally absent

compounds are in a soluble form; therefore, in such 
conditions, the process of their radial migration is ac-
celerated. In this case, it is necessary to analyze the 
possibilities of binding soluble compounds of heavy 
metals by soils, due to other properties of humus, 
granulometric composition, etc. As a result of deter-
mining the level for each of these indicators, for each 
type of soil, it is possible to obtain an attribute that 
characterizes the relative degree of binding (B(total)) and 
the magnitude of the radial migration of the HM.

Table 1. Binding scores for Pb compounds as controlled by soil acidity, based on (Methodendokumentation “Bodenkunde”, 2000)

Overlay analysis of the thematic layers Contamination 
of the surface layer of soils ... (see above) and the dig-
ital map of soil (B(total)) make it possible to determine 
the degree to which soils in geosystems are unsafe 
from the point of view of growing plants for food con-
sumption.

Next step in the implementation of modeling is the 
determination of the amount of Pb removed from 
soils as a result of biogenic migration, that is, the 
fraction of metals quantity absorbed by plants. The in-
formation basis for this modeling phase is the digital 
map of the vegetation (attribute of the coefficient of 
biological absorption (CBA)). 

Overlay analysis of vegetation map and Contamina-
tion of the surface layer of soil... map makes it possi-
ble to calculate the amount of HM that plants will ab-
sorb from soils. After all, in the sites characterized by 
the processes of radial migration of HM compounds, 
depending on the magnitude of this process (B(total)), 
up to 100% of the pollutants have the potential to be 
absorbed by plants. At the same time, in areas where 

such migration is conventionally absent, only about 
10% of metals have the ability of soils-to-plant mi-
gration (Minkina et al., 2011). Thus, it is possible to 
determine the quantity of metals potentially harmful 
from the point of view of the soils-to-plants transfer. It 
is also possible to model the process of biogeochem-
ical migration, having its geoinformation represented 
by the maps Accumulation of Pb compounds by plants 
and Decontamination of soils from Pb compounds in 
the process of biogenic migration.

The step-by-step implementation of the partial mod-
eling allowed calculating the actual level of pollution 
(ALP) as the difference between the amount of Pb 
compounds input to the soils in the highway geosys-
tems of the study area (Cont.h.m.) and the amount that 
was removed from the soils and/or transferred from 
the matter-energy flows (Сl.h.m.) over the course of 
the year. In determining the ALP, we chose 1 year as 
a calculation period because we assumed this length 
of the study period is long enough to allow all factors 
affecting changes in soils to manifest themselves.
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Results and Discussion
For the modeling of the field pollution process within 
the environmental zone of the forest-steppe, we se-
lected a site located within the international highway 
M-05 “Kyiv-Odesa” between kilometer posts 91 and 
96 of Kyiv Oblast, Bila Tserkva rayon.

 The environmental conditions, agricultural practices, 
recreational and subsistence uses of the area make 
it possible to speak of the representativeness of our 
choice. This area is represented by the environmental 
features that are typical of the forest-steppe zone like 
pronounced valley, terrain intercepted by ravines and 
gullies, and soils with neutral pH and humic type of 
humus, characterized by heavy mechanical composi-
tion. In terms of land use, the area is mainly repre-
sented by arable lands. Among the crops cultivated in 
this area, the dominant are cereals (with highest ratio 
of wheat, rye, corn and buckwheat), potatoes, sun-
flowers, sugar beets, soybeans, rapeseed, and several 
types of vegetable.

The amounts of Pb compounds released into the air 
from the vehicle emissions at the study site were 
calculated based on methods developed by Halahan 
and Korogoda (2018). Additional sources of Pb com-
pounds of anthropogenic origin in the year of obser-
vation were not identified as part of the analysis of 
industry and agriculture in the region of study. Re-
garding the last of the main sources of Pb compounds 
in the soils of the highway geosystems on catena, at 
the highest hypsometric level, we note the following: 
this indicator was modeled as part of the calculations 
of the amount of Pb compounds transferred in soils as 
a result of mechanical lateral migration (see above).

Based on calculations and overlay of digital maps 
Pollution of the layer of atmospheric air and Soils, a 
map Contamination of the surface layer of soil from 
atmospheric air was constructed (Fig. 1). This map 
shows the concentrations of Pb compounds in a 
20-centimeter layer of soil, which gives an idea of the 

 

 
 

Fig. 1. Contamination of the surface layer of soil from the air
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configuration and quantitative characteristics of the 
primary area of pollution of the surface layer of soils 
with Pb compounds.

The surface, shown in Fig. 1, became the basis for de-
termining the model index Сl.h.m. (1), which charac-
terizes the processes of soil decontamination. 

Typical for the study site are geosystems represented 
by plains on loess’ with different types of chernozems, 
mostly cultivated. These geosystems occupy the high-
est gipsographic level of the territory and are charac-
terized by the extraction of insoluble Pb compounds 
with sheet erosion. Erosion is activated in steep ar-
eas, where intensity is determined by the increase in 
the surface slope. On slopes of varying degree of tilt 
on loess with different types of chernozems, which 
are predominantly cultivated slopes, geosystems are 

Fig. 2. Self-decontamination potential (through lateral migration) of highway geosystems

the most dynamic in terms of the rate of lateral migra-
tion of insoluble Pb compounds. They act as zones of 
removal (top facets), transit (mid-section) or accumula-
tion (bottom facets), depending on the slope steepness, 
type and phase of vegetation development, and prev-
alent land use of geosystems. Terraces form on sedi-
ments of deluvial with glaysolic dark-grey alfisol under 
meadow vegetation whereas floodplains form alluvial 
sediments with wetland carbonate loam under marsh 
vegetation. Terraces mainly accumulate the pollutants, 
which could be explained by both their hypsographic 
position and features of the terrain. Low, predominant-
ly swampy floodplains accumulate Pb compounds that 
are removed from top facets of catena geosystems. 
Low swampy floodplains and peatlands are accumula-
tive, due to high content of organic matter.

 

 
 

Geosystems of erosive origin are as follows: gul-
lies, on loess with eroded soils of gullies and arroyos 
under oak forests, bottom of arroyos on loess with 

carbonate accumulated as result of erosion dusty-
loam soils, cultivated, where in some places the accu-
mulation of pollutants is observed. In the geosystems 
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of the erosion network, Pb concentrates in apical 
catchment, its concentration decreases down the 
profile and then increases again in the alluvial fans. 
This phenomenon occurs due to the active washing of 
the bottom of the erosion forms in their middle part 
and the heavier mechanical composition of the ploy 
material. It should be noted that high rates of sprout-
ing lead to widespread acceleration of water erosion 
processes and the flushing of the fertile soil layer in 
the study site.

Depending on the relationship between HM input and 
removal rates, geosystems with a various level of 
self-decontamination capabilities as a result of lateral 
migration were identified. Figure 2 shows sections of 
the landscape characterized by a high level of self-de-
contamination potential, associated with the rate of 
HM removal that exceeds the rate of input, a mod-
erate level, associated with relatively similar rates 
of HM input and removal, and a low level, associated 
with the high rate of input and low rate of removal.

During the analysis of soil properties in the study 
area, it was determined that the local pH level above 
4.2 does not allow Pb compounds to transfer into a 

soluble form, causing the formation of geochemical 
barriers for soluble forms of Pb compounds, hence 
almost removing the potential for radial HB migration.

In the conditions prevalent in the test area, where 
the level of migration of soluble forms of lead is de-
fined as “conventionally absent”, about 10% of metal 
compounds could be absorbed by the root systems 
of plants. Therefore, in order to determine the quan-
tity that could be removed from the soils as a result 
of biogeochemical processes, an overlay analysis of 
vegetation maps of the study site (attribute “CBA”) 
and Contamination of the surface layer of soil ... was 
conducted. This specific assumption, i.e., “CBA*10% 
Pb”, made it possible to calculate the quantity of Pb 
compounds that could be absorbed by plants from the 
soil and allowed completing a modeling module De-
contamination of soils from Pb as a result of biogeo-
chemical processes.

The modeling results are shown in Figure 3. They pro-
vided the current levels of soil pollution by Pb com-
pounds in highway geosystems, as a reflection of the 
pollution and decontamination rates. The rate in this 
figure is given in relative units (%) for greater visibility, 

   

  
  

Fig. 3. The actual level of pollution by Pb compounds in highway geosystems 
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Fig. 4. Areas affected by highway geosystems due to migration of Pb compounds

whereas calculations were conducted using absolute 
units (g/m2/year). The obtained values of ALP allowed 
reaching the study goals as to create the appropri-
ate series of digital maps identifying areas capable 
of self-decontamination and to determine the rate of 
self-decontamination at the existing level of anthro-
pogenic pressure. In the areas along highways, the 
accumulation of Pb compounds is associated with HM 

redistribution and is dependent on its rate, which could 
help to identify the potentially harmful zones for the 
cultivation of agricultural crops in highway geosys-
tems. This rate could also help to identify and estimate 
pollution characteristics of areas harmful to cultivation 
of agricultural crops that are outside of direct zones 
of road influence, yet are affected by highway geosys-
tems as a result of HM migratory processes (Fig. 4).

 

 
 

Conclusions
In the course of this study, we applied the methods 
of geoinformation modeling of ALP, created a series 
of digital maps, and identified areas potentially harm-
ful for growing agricultural crops at the current level 
of anthropogenic pollution load in the environmental 
conditions of forest-steppe zone. Relatively often, 
these are areas located far from highways, where soil 
contamination occurs due to the lateral redistribution 

of pollutants. This process is controlled by the land-
scape features, primarily the nature of the relief and 
physicochemical characteristics of soils, rather than 
“direct influence of the highway.” About 35% of the 
area that represents   the study site is characterized by 
a relatively high degree of ALP. These areas mainly in-
clude eluvial and transeluvial geosystems where the 
rate of decontamination exceeds the rate of Pb input. 
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In 60% of the area, soils have moderate ALP values   
(the rate of contamination is approximately the same 
as the rate of decontamination). Obviously, this is due 
to both the number of pollutants and the peculiarities 
of their redistribution in geosystems. The modeling 
results presented in this work corresponded with the 
results of soil laboratory studies, which is an indication 
of the objectivity of the proposed methods of geoin-
formation modeling in determining the relevant level 
of soil pollution of agroecosystems by heavy metals.

Such modeling could be implemented in environmen-
tal management projects, since the offered method 
could be applied to any other heavy metal and other 
physio-geographical conditions. The modeled level 
of ALP allows establishing the optimum level of an-
thropogenic pressure in order to maintain highway 
geosystems in a steady state, current and prospective 
locations for safe crop production, etc.

{Gurauskiene, 2006, Eco-design methodology for 
electrical and electronic equipment industry}
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