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ACCUMULATION OF HEAVY METALS
IN ROAD LANDSCAPE ENGINEERING SYSTEMS

The heavy metals content in the soil was investigated within the road landscape engineering system
of Kyiv — Odesa. The heavy metals as Cu, Zn, Pb and Cd of the first and second classes of danger were
detected. Four full-size areas for research were selected: the first one is near the town of Bila Tserkva
(]Ifyiv region), the second one is located near the village of Nesterivka (Cherkasy region), the third part of
the study is near the village of Pikivets (Cherkasy region), the fourth - near the city of Uman on the fork
“clover leaf” (Cherkasy region). It is established that the content of the mobile form of Cu, Zn, Pb and
Cd in the soil varies in different ways. Zinc dissipates and decreases by MPC from the source of pollution
and at a distance of 15 m from the road reaches its minimum. Like zinc the cadmium is scattered at a
distance of 15 m from the canvas road, the MPC falls to a minimum value. Plumbum in local background
areas shows different tendencies for dispersion. Copper on all studied areas is within the limits of the
norm and shows a decrease in the amount of concentration from the roadway. However, small areas
with an abnormal content of zinc of 40,9 mg/kg have been recorded; Excess of zinc content in this area
is observed since 2016. The research results provide up-to-date reliable information that can be used by
monitoring services in the process of development of anti-deEradation and optimization measures for the
operation of not only the Kyiv — Odesa highway, but also other road engineering and landscape systems
in Ukraine. In the future, these studies may enter the information base for further development of future
projects and plans for the development and operation of road landscape engineering systems, rational
use and protection of the surrounding landscapes.

Key words: road landscape engineering system, Kyiv — Odesa highway, heavy metals, area, maximum
permissible concentrate (MPC), soil pollution, migration, accumulation.

HNenncuxk TI.0., JHdinypa P.B. AKYMVIALiA BAXKHUX METAJIB VY JIOPOXKHIX
JAHAIIAOTHO-IH) KEHEPHUX CUCTEMAX

PosrisHyTo npobeMy 3a6pyaHEHHS IPYHTY BaXKMMU MeTalaMH IPUJErJiMX TePUTOpiil 0 aBTO-
marictpani KuiB — Ozeca; mpoaHasizoBaHO moTepeHi mparli 3apybi>KHUX Ta BITYM3HAHUX HAyKOBIIB.
OxapaKTepr30BaHO MPUPO/IHI YMOBH JOCJIIPKEHHS, BUAIIEHO iNSHKY IS B3ATTS P06 IPYHTY: Hepiia
3HaxoauThcs 6ins M. bina llepksa (KuiBcbka 0071.), ipyra po3ranoBaHna B okousx c. Hecrepiska (Yep-
KacbKa 0011.), TpeTs — nobmu3y c. IlikiBens (Yepkacbka 061.), yeTBepTa — 6iss1 M. YMaHb Ha PO3BUJILI
«JInct kKoHOmMMHW» fopir KuiB — Oxeca i M — 12 Ctpunt — TepHonine — KponuBHULIbKMI — 3HAM’ AHKA.
Pe3ysnbTaTél OCHIIKEHHS TPUIOPOXKHIX TEPUTOPIA JOPOXHBOI JaHAmMAPTHO-iHXEeHepHOI CrCcTeMU
KuiB — Opeca nmokasanu, 1o y I'PyHTi HasABHI TaKi XiMi4Hi eJleMeHTH: [IUHK, Mi/ib, CBUHeIlb Ta KaJMill.
3pasKku IpyHTY Bifbupasu Ha Bizicrani 5, 10 Ta 15 M Bifi 1010THa aBTOI0POTH, Ha r1ubuHi 0-10 cM y scHy
norozly. Maiixe Bci XIMiuHi efleMeHTH 3HaX0ATbCA B Meskax HopMmu I'JIK, ojHaK 3ycTpidaloThCs U aHO-
MaJibHi AinAHKYU. [ITMHK 3HaXOAUTHCA B MeKaX HOPMU Ha BCiX JUIAHKAX JOCTIPKeHHS, JIUIIe JIOKaJlbHa
¢doHoBa AinsiHKA N06IM3Y M. YMaHb Ha PO3BUII «JIUCT KOHIONIKUHU» MiCTUTh aHOMAJIbHY JJIsl TOBKIJLJIS
30Hy, Zie BMICT Zn Ha BizcTadi 10 M Bif nosiotHa foporu craHoBUTh 40,90 Mr/Kr, IO NepeBuIlye 3Ha-
veHHs1 pyxomoi ¢popmu I'ZIK y nBa pasu. [lmombym nepeBuiye IJK maiike Ha BCiX HATYPHUX [iJISH-
Kax, KpiM c. Hecrepika (Yepkacbka 0011.), 11e MOSICHIOEThCSI 3HAYHOIO KibKICTIO aBTOMOO1LJTIiB Ha Tpaci
KuiB — Ozeca Ta MeHIIOO iX KiNBKICTIO Yy 3’137 10 ¢. HecTepiBka. BmicT KaZiMit0 Ha HATYpHUX JiIAHKAX
MaJIOTIOMITHUH, 3HaXOJUThCA B HOPMI 1 He CTAHOBUTD 3arPO3H /11 HABKOJIMIIHBOTO cepesioBuIna. Bmict
Mi/li Ha BCiX JIOKAJIbHUX [ITHKAaX KOJIMBAETHCA B MeXaxX HOPMU. BcTaHOBIIEHO, 1[0 BMICT XiMi4YHUX eJle-
MEHTIB y I'DYHTI Ha OCJI/PKYBaHUX AiIAHKax 3a nepiog 2016—2018 pokiB 3MeHIIMBCA.

Kinro4oBi cioBa: 0poxHs naHamadTHO-iHXeHepHa cucTeMa, aBTojopora KuiB — Opeca, Baki
MeTanu, AinsgHka, LK, 3a6pyaHeHHs I'PYHTIB, Mirpaiisi, akyMyJIsIlisi.

Bunyck 10. 2019



Mynoaua gicHUuK XepcoHcbK020 0epiasrH020 YHisepcumemy

131

Problem statement. Compared with the mid-
dle of the twentieth century the number of cars in
Ukraine has increased by almost 4 times, which
leads to the active development of road landscapes.
9.2 million vehicles are registered in Ukraine in
2017. Roads, overpasses, bridges, interchanges
which form new road landscape engineering sys-
tems are being built for their functioning. Such
an active human activity leads to the formation of
environmental problems; one of the problems is
the pollution of soils with heavy metals. Excessive
amount of heavy metals in roadside soils forwards
to changes of physical and chemical qualities,
especially the humus layer (0-50 cm). Some chem-
ical elements in their excessive concentrations
cause various human diseases. They can cause car-
cinogenic effects and mutations in the structure of
human and animal DNA. This causes to the neces-
sity of constant control of heavy metals content,
especially in areas where agricultural land is close
to highways.

Analysis of recent research and publica-
tions. A number of interesting publications of
foreign and national scientists is devoted to the
problem of soil pollution by heavy metals within
the boundaries and territories close to the road
landscape engineering systems (IIleiikina, 2008;
FOpuenko, 2014; Li, 2001; Saeedi, 2009).

E.K. Eskov, M.D. Eskova and L. V. Sira have
investigated the content of heavy metals, especially
of plumbum, in plants at highway zones (Ecbkos,
2012). V. Bryhadyrenko and O.S. Chernysh have
analyzed the geochemical impact of highway on
roadside plantations of Dnipropetrovsk region.
R.B. Vanchura has made a comparative descrip-
tion of the content of heavy metals on the highway
areas on the territories of Ukraine and Germany
(Banuypa, 2011). O.V. Grabovsky has studied
migration and accumulation of heavy metals in
agrocenoses close to highways in the Transcar-
pathian region (I'pa6oBcbkwuii, 2002). In Polissya,
the content of heavy metals in the soil was investi-
gated by L.L. Dovbysh (ZoB6ur, 2001). G.I. Deny-
syk and A.M. Valchuk-Orkhusha have highlighted
the stages of formation of the road landscapes of
Podillya area, investigated their structure, regional
types, geochemical and ecological features, made
their classification and zoning (denucuk, 2005).
On the territory of Chernivtsi region, the eco-geo-
chemical evaluation of road geosystems was made
by M.V. Tanasiuk and G.D. Khodan (Xozas, 2012).
Y.I. Chykailo has investigated the road landscape
engineering system of the Lviv — Krakovets high-
way. The scientist has conducted the ecological

and geochemical analysis of the soil and vegeta-
tion cover within the range (representative areas)
along the road lanes of the M - 10 highway; the
ecological state of water objects within the bound-
aries of the road landscape-engineering system
was analyzed; optimization measures were offered
to improve the ecological state of areas close to
highways. I.M. Voloshyn and O.0. Halahan have
investigated road landscape systems and peculiar-
ities of pollution of territory along the highway in
Volyn and modeled the distribution of heavy met-
als in the geosystems close to highways (Tanaras,
2013; BonomuH,2005; Matsintuyk, 2008).
Identification of previously unsettled parts
of the general problem. National and foreign
scientists are sporadically engaged in the research
on the content of heavy metals in the soils of road
landscape and engineering systems, seeking ways
to reduce and optimize heavy metals in these sys-
tems. However, in Ukraine at the beginning of the
XXI century there are no unique sanitary-norma-
tive documents for the regulation of ecological
safety of the road landscape engineering systems,
based on their detailed geochemical research.
For the most part, scientists investigate the con-
tent of the heavy metals near different landscape
engineering systems: companies of iron-and-steel
industry, aerodromes, gas stations and others
(SIkoBenko, 2011). The semi-station geochemical
research was conducted for the first time within the
Kyiv — Odesa road-landscape engineering system.
Aim of the article: soil monitoring on the con-
tent of heavy metals (Cu, Zn, Pb and Cd) in the
structure of the Kiev — Odesa road landscape engi-
neering system as one of the main in Ukraine.
Method of implementation. Soil samples
were taken at a distance of 5, 10 and 15 m from
the Kyiv — Odesa highway to determine the moving
form of heavy metalsin the soil of the roadside zone.
The depth of the soil sampling ranged from 0 to 10
cm in a fivefold repetition. Sampling of the soil was
carried out in accordance with GOST (abbr. from
all-Union State Standard) 17.4.3.01 and GOST
17.4.4.02. The soil samples were taken in poly-
ethylene bags. Immediately after the selection, the
soil samples were dried to the air-dry state in the
room and were transferred to the laboratory of the
Cherkasy branch of the state institution “Institute
of Soil Protection of Ukraine”. The analyses were
carried out by the method of atomic absorption
spectrometry according to DSTU (abbr. from State
Standard of Ukraine) 4770-2-2007 (identification
of zinc in the soil), DSTU 4770-9-2007 (identifi-
cation of plumbum in soil), DSTU 4770-6-2007
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(identification of copper in the soil) and DSTU
4770- 3-2007 (identification of cadmium in the
soil) (JIBOB,1966; MeTronuyHi Bka3ziBku, 2012;
Hogikos, 1990; CanutapHble npaBuia, 1988).

Presentation of the main research mate-
rial. One of the main highways of Ukraine is the
Kyiv — Odesa highway, which stretches from the
north to the south almost in the meridional direc-
tion and connects the central part of Ukraine with
the northern coast of Black Sea. The total length
of the highway is 453.3 km, passing through five
administrative regions of Ukraine: Kyiv, Cherkasy,
Kirovohrad, Mykolaiv and Odesa. According to the
geological-geomorphological structure, the sec-
tion of the Kyiv — Odesa highway is located within
the boundaries of the Ukrainian Crystalline Shield
(UCS), where pre-Cambrian sedimentary-met-
amorphic and igneous rocks, archean granites,
gneisses and other deposits, which complicate the
structure of the road landscape, appear on the sur-
face (Mapunuy, 2005). The separate structures of
the Crystalline Shield are the basis of formation of
the Kiev — Odesa landscape-engineering system.
The Bila Tserkva line of tectonic rupture of the
UCS, which occupies the northeastern part of the
highway, led to the formation of the valley of the
Ros, Gnylyi and Girsky Tikych rivers, across which
the engineering structures, bridges and overpasses
of the Kyiv — Odesa highway were built. The alter-
nation of hilly and wavy-plain terrain is connected
with irregularities and the exit to the surface of crys-
talline rocks. According to the physical-geographi-
cal zoning, the most of the Kyiv — Odesa highway
is located within the Forest-Steppe Zone; the Cen-
tral and Southern parts of the highway are located
in the Steppe Zone, which causes differences in soil
and vegetation cover. In the northern part of the
Kiev — Odesa road-landscape engineering system
the soil cover is represented by alternation of cher-
nozems opodzolic and typical with gray forest. In
the central part the soil is formed by chernozems
ordinary, meadow-chernozem and southern black
earth. In the south there are chestnut soils in a com-
plex with sodium soil and solod soil.

The Kyiv - Odesa highway is an interna-
tional transport highway, which coincides with
the direction of the European transport corridor
No.9. The spatial location and coincidence of the
M - 05 highway with the European transport cor-
ridor No. 9 resulted in a significant number of cars.
The intensity of traffic on the Kyiv — Odesa high-
way is 235-508 cars per hour, of which 72-160 are
trucks, which emit twice more harmful substances
than cars (Ky3uenosa, 1985).

The soil samples are selected on local back-
ground areas: the first - near the town of Bila
Tserkva (Kyiv region), the second one is located
near the village of Nesterivka (Cherkasy region),
the third in the vicinity of the village of Pikivets
(Cherkasy region), the fourth area of soil selec-
tion is located near the town of Uman on the fork
“Clover leat” (Cherkasy region), where the direc-
tions of the Kiev — Odesa motorway M - 05 with
the Stryi — Ternopil — Kropivnytsky — Znamyanka
motorway M — 12 are crossed.

Among the heavy metals, there are about
40 chemical elements: V, Mn, Fe, Co, Ni, Cu, Zn,
Pb, Bi, Cr, Hg, Sn, and others. All chemical ele-
ments are divided into three classes of danger
depending on their activity and influence on soils
(Cepmrok, 2007). Heavy metals fall into the soil
and concentrate on the depth of 0 to 20 cm, but if
there is a significant concentration of heavy met-
als, they penetrate to the depth of 100-150 cm.
Plumbum, zinc and cadmium are the first, copper
is the second class of danger. These chemical ele-
ments and their content in the soil directly within
the boundaries of the Kiev — Odesa road-land-
scape engineering system have been analyzed first.

The content of zinc in the soil depends on many
factors including: emissions of cars, the iron-and-
steel industry and non-ferrous metal industry, the
properties of the parent rock, the content of var-
ious organic substances in the soil and the reac-
tion of soil solution. In general, Ukrainian soils
are poor in zinc, but in the humus layer its content
is often raised. Zinc is closely connected with cad-
mium, the greater the concentration of zinc, the
more cadmium is in the soil. The maximum per-
missible concentrate (MPC) of zinc in the soil is
about 23 mg/kg (Fig.1). In the background areas,
the content of Zn is within the normal range. How-
ever, on the area near the city of Uman, on the fork
of the “Clover leaf”, there is an abnormal area for
roadside lands at a distance of 10 m from the road
cloth. An excessive content of the mobile form of
Zn in the soil was recorded here - 40.90 mg/kg,
which is not typical for this area, and exceeds the
MPC almost twice (GOST 17.4.3.06-86. Accord-
ing to the previous studies in 2016, the zinc con-
tent at this area was — 44.50 mg/kg, which is also
an excess of MPC. The study area has a small area.
This made it possible to distinguish it as an abnor-
mal area of influence of heavy metals. Monitoring
of zinc content near the city of Uman on the fork
“Clover leaf” has shown that the amount of heavy
metal in the soil gradually decreases over time.
This is due to the self-cleaning of the soil, which is
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slow and in the future, this indicator can reach the
norm. At present, Zn content in the soil is in exces-
sive amounts, which is dangerous for the normal
functioning of soil biota and plant formation.

The mobile form of plumbum in the soil accord-
ing to DSTU 4770-9-2007 is 6.0 mg/kg. The bulk
of plumbum entering the soil is due to the effect of
the combustion of fuel by an automobile engine.
Significant increase in the level of MPC Pb was
recorded within the full-size area of Bila Tserkva.
Its index is increased from the sources of pollution
and reaches the maximum in the 10-meter area —
9.1 mg/kg, at 15 m - 6.9 mg/kg, which clearly
exceeds the established norm of MPC (Fig. 2).
On the full-size area near the village of Nesterivka
the plumbum almost is not identified. On a local
area of the village of Pikivets there is a tendency
to reduce the amount of heavy metal content from
the source of pollution. At a distance of 5 meters
from the road, the plumbum value was 9.3 mg/kg,
which exceeded the maximum permissible concen-
trate. However, at distances of 10-15 meters, the
content of Pb has almost decreased twice. On the
local background area of the city of Uman - the
fork of the “Clover leaf”, the Pb content is man-
ifested differently. At the area of 5 meters from
the road, the Pb content is the smallest and is —
4.3 mg/kg, however, an increase in the MPC from
6.0 to 6.5 mg/kg was recorded at 10-15 meters
distance. Excessive amount of plumbum in the
plant is able to suppress the development of plant

growth and contribute to the worse flow of iron to
the plant. Pb also has a negative affects to human
health, causing various diseases associated with
mutagenic reactions.

The content of cadmium in the soil by the
MPC is 0.7 mg/kg and on all full-size areas of the
Kiev — Odesa road landscape engineering system
is within the limits of the norm 0.11 - 0.42 mg/kg.
Cadmium is interconnected with zinc, and has sim-
ilar chemical properties. At the studied areas there
is a tendency in decrease of the cadmium content in
the soil from the source of pollution (Fig. 3). How-
ever, having compared the results of the study in
2016, cadmium content in this area has increased
several times but has not exceeded the MPC. This
is explained by the fact that Cd is concentrated in
the soil as a scattered element that is easily accu-
mulated and redistributed in soils.

The maximum permissible concentration of the
mobile form of copper in the soil of the road-land-
scape engineering system of Kiev — Odesa is
3.0 mg/kg. According to the research results, the
amount of copper in soils of all full-size areas var-
ies from 0.14 — 0.57 mg/kg, which is a permissi-
ble norm. In most cases, the copper accumulates
in loamy and sandy soils, which are background in
the Kiev —Odesa road-landscape engineering sys-
tem. There is a decrease in the amount of copper
content from the source of pollution. In particular,
there is a reduction of the content of heavy met-
als from the highway in the full-size area near the
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Fig. 3. Cd content in a mobile form, mg/kg

village of Pikivets (Cherkasy region) (Fig. 4). At
a distance of 5 meters from the road, the amount
of copper in the soil is 0.55 mg/kg, however, at a
distance of 10 meters the index reaches 0.33 mg/
kg, and at the 15-meter — the copper content in
the soil is 0.18 mg/kg, which does not affect the
functioning of plants and biota. Investigation of
the copper content in the soil on the road-land-
scape engineering system of Kiev — Odesa in 2016

showed that the amount of this chemical element
decreased in all full-size areas. This is explained by
the fact that the bulk of copper is concentrated at
a 5 meter area, where the dependence of the heavy
metals reduction from the source of pollution is
observed.

Conclusions. One of the main types of soil pol-
lution of road landscape engineering systems by
heavy metals are pollutants, which are formed as a
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Fig. 4 Cu content in a mobile form, mg/kg

result of combustion of fuel in automobile engines
and uncontrollably emitted into the environment.
In the upper part of the soil profile of the road-
side area of the Kyiv —~Odesa highway of 0-10 cm,
accumulation of heavy metals such as Cd, Cu, Zn
and Pd is observed, which is primarily due to poor
car operation. However, the content of heavy met-
als in different parts of the road is different. The
abnormal areas with excessive amounts of zinc are
recorded on the Kiev — Odesa highway where there
is an excessive loading of vehicles. There is also an
increased content of plumbum and copper. Cad-
mium in all full-size areas is within normal limits.
In all areas there was a tendency to decrease of the
heavy metals content in the soil from the source of
pollution.

Consequently, within the road-landscape engi-
neering system of Kiev — Odesa, the heavy metals
in soils mostly do not exceed the MPC; however
abnormal areas and zones have been recorded
where the content of chemical elements is exces-
sive and negatively influences on biota and vegeta-
tion cover. In the future, it is necessary to conduct
similar geochemical studies of the soil of this road
system due to the fact that after the reconstruc-
tion of the Kyiv — Odesa highway, the car load will
increase by 2,5-3 times.
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