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BHCOKOI BapTOCTi po0OYOi CHJIM, HAKOIUYEHHS JIFOJI-
CBKOTO ¥ COIIabHOTO KalliTamy, IMiITPUMKH Tif-
MPUEMHULBKOT aKTHBHOCTI HAaCEJeHHS, 3MIIHEHHS
CEPEAHBOrO0 KJIACy, MiABHUIICHHS COLIaJIbHUX CTaHIap-
TiB 1 rapaHTil, a TAKOXK HaJIaHHS HEOOXITHOI COIialb-
HOI MiATPUMKH BPa3IMBUM TpyIaM HaceJIeHHS.

[IpiopuTeToM MONITHKH CTANIOTO0 PO3BUTKY € 3a-
Oe3reueHHsI T1IHNX YMOB TIpalll Ta HTTS Yy BIACHIH
KpaiHi.

Crpareris cupsMoBaHa Ha T0OYIOBY CIIPaBEIITHBO-
TO Ta JIEMOKPAaTHIHOTO CYCITIILCTBA, JIe Oyze 3a0e3rne-
YeHO MIATPUMKY IIPaB JIOIUHH, 30KpeMa eKOIOTTIHUX
[paB, PO3BUTOK HALIOHANBHOI KYyJBTYPH, T'€HACPHY
PIBHICTh 1 3pOCTaHHS COIIAbHOTO Kamitamy (37ar-
HOCTI CyCIiJIbCTBA O CMIJIBHOT pOOOTH, 110 Oa3yeThCs
Ha CHIJIbHUX LIHHOCTSX).

HeoOxinnum ans peamizanii Crpaterii € potpu-
MaHHsI TIPUHLUIIB BEPXOBEHCTBA TpaBa, JIEMOKparii,
HE3aJIC)KHOTO YIPABIIHHS Ha BCIX PIBHSIX, CTBOPEHHS
e(EeKTUBHUX, PE3yIbTATUBHUX, 1HKIIO3UBHUX Ta ITiJ-
3BITHHUX 1HCTUTYIIH.

Kepisnumu npunyunamu Ctparerii BU3HAYCHO
BEPXOBEHCTBO I1PaBa, 3aXUCT IPaB JIOAUHU, HAJICKHE
BpSAyBaHHS, y4acTb TPOMAJICHKOCTI, MPEICTaBHUKIB
0i3HeCy Ta colliaJbHHUX MMapTHEPIB, IHTETpallist OJITH-
KH Ta yTPaBIiHHA, COJIJAPHICTh BCEPENNHI MOKOIIHb
1 MDXK TOKOJIHHSIMH, BUKOPUCTAHHS HalKpalUX 3 Ha-
SIBHUX 3HaHb, [IPHUHIIMII 3a1100iraHHsi 3a0pyJIHEHHIO i
«3a0py/IHIOBAY MJIATUTDY.

Crparterist cupsiMOBaHa Ha AOCSTHEHHS BU3HAYCHOT
METH PO3BUTKY Ta Ma€ CyNpOBO/DKyBaTtuch Hario-
HaJIBHUM IIAHOM JTiH (JIOPOKHBOKO KAPTOI0) TIEPEXOY
VYkpaiHnu 0 cTajioro po3BUTKY.

Crparerisi BCTAHOBJIIOE IITICHY CHUCTEMY CTpare-
TIYHUX Ta ONEpalliifHUX IUJICH Mepexoay 0 1HTerpo-
BAHOTO0 €KOHOMIYHOIO, COI[IaJILHOIO Ta €KOJOTIYHOIO
po3Butky kpainu 10 2030 poxy. Bona Takoxx Bu3Havae
IHCTUTYIIHHI 3acaayd BIPOBAIDKCHHsI CTparerii, Ha-
TIPSIMH MDKTaTy3€BO1 Ta MIPKCEKTOPATLHOI B3a€MOJIIT,
OCHOBHI PYyIIiHI CHJIM Ta iTHCTPYMEHTH i peamizartii.
[{i70B1 TOKa3HUKH BU3HAYEHO JUISI TPHOX E€TAITiB pe-
amizanii Crparerii: 2016-2020 pp., 2021-2025 pp. i
2026-2030 poku.

Crparerist € pe3ylbTaToM BpaxyBaHHS MIKHApO.-
HUX JIOKyMEHTIB (CBITOBUX 1 €BPOIICHCHKUX), aHATII3Y
YMHHOTO 3aKOHOAABCTBA, BpaxyBaHHA UHUCICHHUX
MPOMO3UIIA BiJ] NEHTPaJIbHUX OpPraHiB BHKOHABYOI
BJIaJM, OPraHiB MiCIIEBOTO CaAMOBPSIIyBaHHS, EKCIIEPT-
HOTO CEepe/IOBHINA Ta TPOMAISIHCHKOTO CYCITJIbCTBA.
Ile TakoX IHTEpaKTHBHA MPOIEAYypa Y3TOKECHHS
KOKHOTO TIoNokeHHsT CTparerii Ha perioHAIBHHUX
KOHCYJIBTAITISAX, Ha pOO0OUNX 3yCcTpidaX eKCIIepTiB.

[Ipoext Crparerii crajgoro po3BUTKY YKpaiHW Ha
niepiox 0 2030 poky Oyno 0OroBOpeHO 3 YepBHS 0
rpynas 2016 poky Ha perioHaJbHUX Ta HalllOHATEHUX
KOHCYNBTALiSIX, Y SIKUX B3sUTM y4acTh MPEACTAaBHUKH
OpraHiB Jep>KaBHOI BIaM Ta MICLIEBOIO CaAMOBPSIY-
BaHHS BCiX o0iacTeil YKpaiHu, JAemyTaTu pi3HUX piB-
HiB, HAYKOBIII TA OCBITSHH, IPEJCTaBHUKU 1HCTUTYTIB
IPOMaJITHCHKOTO CYCIIBCTBA, MpodeciiiHnx 00 el-
HaHb, 0i3Hecy, 3MI, excriepTn MI>KHAPOJAHUX OpraHi-
3aii.

binpmiicTe  y9acHUKIB KOHCYABTAIll  CXBaJbHO
OIIHWJIM TIPOEKT OHOBIIEHOI CTparerii sSIK JOKYMEHT,
IO TOBHICTIO BIATIOBia€ TPUHHATOMY B YKpaiHi
(hopmary ynpaBIiHCEKOTO JJOKYMEHTA.

IIpoexm Cmpamecii cmanozo pozeumky Ykpainu na nepioo 0o 2030 poky pozmiwgeno na caiimi Incmumymy
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IMPACT OF ROAD TRAFFIC ON SOIL PROPERTIES (POLISH CASE STUDY)

The aim of the paper is to show relations between road traffic and soil contaminations along 6 road corridors located in Poland.
The corridors for the research are national roads, expressways and motorways characterized by different traffic intensity. We
investigated samples along transects perpendicular to road axes, at locations situated from 1 to 100 meters away from the
edge of the road, from the surface layer (horizon O/A) and at a depth of 30 cm (horizon B). In terms of soil quality, lower content
of heavy metals in organic and mineral horizons was observed in the vicinity of the motorways and expressway comparing to
areas surrounding local roads. Particularly high level of soil contamination was observed at border crossings, due to queues

of trucks.
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Mapek [Jezopcbkuli, I3abena Casiubka

IHecmumym 2eoepadbii ma npocmopoesoi opeaaHizauii lNonbcbkoi akademii Hayk, Bapuwasa
BI/MB ABTOMOBINIbHOrO TPAHCIOPTY HA BJIACTUBOCTI I'PYHTY (HA TMPUKIIALI MOJbLYI)

MeTa cTaTTi — nokasaTu 3B’A30K MiXX pyXOM TPaHCMOpPTY i 3abpyaHEHHSIM 'PYHTY B3[40BX 6 TpaHCMOPTHUX Kopuaopis y MonbLi.
[ns pocnigXeHHst o6paHo Kopuaopy HauioHanbHWX JOpir, WBUAKICHUX JOPIr i MaricTpanew, Wo XxapakTepusytTbCs Pi3HOH
iHTEHCUBHICTIO pyxy. [locnigKeHO 3pa3kv B3OO0BX MONEpevHUX MepeTuHiB, nepnenHankynsapHUX A0 AOPOXHOI OCi, y Toukax,
posTawoBaHux Big 1 go 100 meTpiB Big kpato goporun, 3 noBepxHeBoro wapy (ropu3oHT O/A) i Ha rmmbuHi 30 cm (ropu3oHT
B). CTOCOBHO SIKOCTi 'PYHTIB, BUSIBMEHO, LLIO BMICT BaXXKUX MeTarniB B OpraHiyHu1X i MiHeparnbH/X ropu3oHTax B 6e3nocepesHin
Onun3bKOCTI Big aBTOMaricTpanen i LWBWMAKICHUX OOPIr HUXKYMIA MOPIBHAHO 3 MpUnernMMm goporamm MiCLEBOMO 3HAaYEHHS.
Oco6n1Bo BUCOKUIA piBEHb 3a0pyAHEHHS I'PYHTY CMOCTEpIraBcs y MiCLSIX NEPETUHY AEPXXaBHOMO KOPAOHY Y 3B’A3KY 3 BEMUKMMM

yepramu TPAHCMOPTHUX 3acobiB.

Knrodoei cnnoea: 0opoxHill pyx; 3abpyOHeHHs1; 3abpydHeHHs rpyHmy; Nonbuwa.

Introduction

Humans are affected by the environment they
live in. The impact of traffic on some environmental
components such as water or soil has a crucial influence
on living conditions [1, 9, 10]. There are several types
of traffic pollution, but one of the most dangerous
ones is air and soil pollution. Some substances, such
as carbon monoxide, nitrogen dioxide, sulphur dioxide
and heavy metals, are particularly harmful [2, 3,
5-7]. The aim of the paper is to show some relations
between road traffic and soil contamination based on a
case study from Poland.

Along with traffic intensity and vehicle speed,
the duration of anthropopressure on the soils is also
a key determinant of heavy metal content. Habitat
factors constitute another group of determinants of
the intensity of heavy metal accumulation in the soil;
particularly important here are soil-specific factors
such as buffering properties, sorptive properties or
biochemical activity [5, 6].

The presented study was carried out along transects
perpendicular to road edge that represented different
categories of roads highways, express roads and
national roads. All soils under study have developed
from similar lithological material (sands), support
the same form of land use (meadows) and possess
similar physicochemical characteristics, therefore the
individual transects represented similar environmental
conditions. The only differential factors were the
intensity of traffic and the duration of traffic-related
impact on the environment. Where the duration of
impact is similar, the factors underlying differences
in heavy metal content in soils are traffic intensity,
parameters of the road and vehicle speed.

Material and Methods

The selection of road sections for the study was
based on the average daily traffic volume of trucks
in 2010, 2005 and 2000 and an increase in intensity
between 2000 and 2010 (preference was given to
sections that registered a perceptible increase in the
period 2000-2010) and different categories of roads.
The study involved 6 road corridors and embraced 8

sections of national roads and motorways (Fig.1).

Samples were obtained along transects
perpendicular to road axes, at locations situated from
1 to 100 meters away from the edge of the road, from
the surface layer (horizon O/A) and at a depth of 30 cm
(horizon B). The distances between sampling locations
and the edge of the road are shown in Fig. 2. As the
infrastructure prevented access to two of the segments,
soil samples at these sites were collected only at 10,
20, 50 and 100 m from the edge of the road.

Samples collected for geochemical analyses were
dried at 105°C, and subsequently sifted through a sieve
with a mesh diameter of 2 mm. Analyses were carried
out for <2mm fractions. Organic matter and carbonate
content was determined by LOI method according to
the procedure proposed by Heiri et al. [8]. Carbonate
concentration was calculated according to the formula:
Carb[%] = 1,36°LOI1950, where LOI950 is the amount
of CO2 released from the samples as a result of
thermal decomposition of carbonates [8]. The mass of
carbonate-bound carbon was assumed to represent total
inorganic carbon (TIC) and its content was calculated
as TIC[%] = 0.27-LOI950. The content of total carbon
(TC), total nitrogen (TN) and total sulphur (TS)
was determined with a VarioMax CNS (Elementar)
analyser. Total organic carbon (TOC) was calculated
as TOC = TC-TIC. Ni, Fe, Pb, Cu and Zn content
was analysed in aqua regia (HCl :HNO3 = 3:1vol/
vol) based solutions. Mn, K, Cu and Zn content was
determined by AAS method using a Varian SpectrAA
220 spectrometer. The correctness of determinations
of C, N, S and Ni, Pb, Cu and Zn content was tested
with reference materials CP1, NIST1646a, SQ001C
and sulphadiazine. A total of 168 soil samples were
examined. Soil results was elaborated by statistical
methods [4].

Results
The soil samples obtained along the road sections
under study displayed wide differences in heavy metal
content. Analysis of all samples showed a statistically
significant correlation between the presence of iron
and nickel (r=0.6636) and copper and zinc (r=0.7283).
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= Motorways and expressways AL
National roads

Case studies:

[—_l National road 8 I*—] National road 8 -

Aug dzizh Kudowa-Zdro] - Wroclaw = W
National road 17 Motorway A4 and national road 54
Garwolin-Kurow Wroclaw-Opole

Motorway Al and national road 91

I:I Expressway S8
Rad rymin-Wyszkow Pruszer Gdanskl-Grudziadz

Fig. 1. Map of research points in Poland

1| | |

Road 135 1015 20 50 100 m

Fig. 2 Distribution of soil sampling points on the
transect perpendicular to the road.

There was no correlation between heavy metal content
and organic matter or calcium carbonate content. Very
interesting results were, however, obtained with regard
to correlations between the content of specific metals
and distance from the road.

National road (DKS)
Four soil transects were studied along national
road DK, of which two were situated in north-eastern

Poland (Budzisko and Suwatki transects) and two in
southern Poland (Kozmice and Szczytna transects).
The soils along the transport corridor to the Polish-
Lithuanian border, which is characterised by the
highest number of cargo lorries per day, had the highest
content of individual heavy metals. For example, near
Suwalki, Cu content was nearly 30 times higher, Zn
content Suwas 10 times higher and Ni content was 4
times higher than the respective figures noted along
the same road in southern Poland, e.g. in the Szczytna
transect (Fig. 3). With regard to metal accumulation
in soil profiles, most samples taken near the border
crossing at Budzisko showed higher elemental content
in the layer obtained at a depth of 30cm (B) than in
the surface layer (A). Cu and Zn content in samples
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Fig 3. Content of heavy metals (Cu, Zn, Pb, Ni) in A
and B horizons (mg*kg-1) of soils near roads located
in Szczytna (1) and Kozmice (2) villages (Poland).

decreased distinctly as distance from the road edge
increased. Maximum concentrations of Pb and Ni
were noted in horizon B at a distance of 5 m and
10 m from the road, respectively. The soil samples
collected along the transect near the town of Suwatki
demonstrated the highest Cu and Zn concentrations in
samples taken at the road edge, with Cu concentrations
falling dramatically already at 3 m away from the road
and Zn content exhibiting a gradual decrease. High Cu
content was only noted in soil surface samples, while
high Zn content was found in both surface and depth
samples. Pb content in samples from that transect
did not vary according to the distance from the road.
Maximum Ni content was noted at 3 m in the depth
layer (Fig.4). There was also a correlation between Zn
content in horizons A and B in the samples collected
in this transect. With the exception of Ni, heavy metal
content in the Kozmice and Szczytna transects did
not correlate with distance from the road. Pb content
increased slightly in both surface and depth samples
collected at 5 m (Szczytna) and 50 m (Kozmice) from
the road. The samples collected along the Szczytna
transect revealed a correlation between Pb content in
horizons A and B, while in the case of the KoZzmice
transect, a similar correlation was noted for Cu, Pb and Ni.
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Fig.4. Content of heavy metals (Cu, Zn, Pb, Ni) in A
and B horizons (mg*kg-1) of soils near Suwatki (1)
and Budzisko (2) town (Poland).

Expressway S8

The effect of expressways on heavy metal content
was investigated along a transect near the town of
Radzymin (Fig. 5). Heavy metal content in the soil of
that transect was the lowest of all transects analysed.
No trend was noted between metal content and distance
from the road. The only notable finding was that Cu
was present in horizons A and B. The road section
near Radzymin has been in use for the shortest time
of all road sections in the study, which will also have
influenced the results (Fig.5).

National road No. 17

The sections of national road No. 17 selected for
analysis were situated off the village of Trzcianka
and the town of Ryki. Most soil samples collected
near Trzcianka demonstrated higher content of heavy
metals in the surface layer of soil (A) than in the depth
samples collected at 30 cm (B). The concentrations of
Pb and Zn decreased with increasing distance from
the road, with maximum concentrations recorded in
horizon A at 1 m from the road edge. Pb concentration in
horizons A and B showed a correlation in that transect.
Most soil samples collected near Ryki demonstrated
higher heavy metal content in the surface samples
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Fig. 5. Content of heavy metals (Cu, Zn, Pb, Ni) in
A and B horizons (mg*kg-1) of soils near city of
Radzymin (Poland).

(horizon A). Concentrations decreased with increasing
distance from the road for Cu, Zn and Pb, with higher
concentrations of lead in the depth samples (30 cm,
horizon B). Maximum levels of these metals were
recorded at 3 m from the road edge. Zn concentrations
correlated between horizons A and B (Fig. 6).

National road No. 94

The sections of national road No. 94 selected for
analysis were situated off the villages of Godzikowice
and Buszyce. The transect near Godzikowice
demonstrated a very distinct trend of decreasing heavy
metal concentrations with increasing distance from
the road. The surface samples had slightly higher
heavy metal content (Fig.7). There were correlations
between concentrations in horizon A and B for all
metals investigated.

The samples obtained along the Buszyce transect
revealed no trend in heavy metal content. Interestingly,
Pb concentrations were higher in both the surface and
depth (30 cm) samples at 5 m from the road edge.
Correlations between metal concentrations in horizons
A and B were noted along this transects for Pb and Ni.

Motorway Al and national road DK 91

The effect on heavy metal content of a motorway
vs. a national road representing an old transport route
was compared by investigating soils situated near
the town of Pelplin (old route) and a traveller service
point (TSP) at the motorway. The analysis revealed
several-fold higher heavy metal content in the soils
surrounding the old transport route compared to the
motorway. A pattern was also noted in the spatial
distribution of heavy metals in soil. The transect
perpendicular to the old transport route had the highest
concentrations of Cu, Zn and Pb at the road edge,
decreasing with increasing distance from the road.
No distinct trend was observed for Ni (Fig. 8). The
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Fig. 6. Content of heavy metals (Cu, Zn, Pb, Ni) in A
and B horizons (mg*kg-1) of soils near Trzcianka (1)
and Ryki (2) villages (Poland).

samples obtained along the transect perpendicular
to the motorway revealed no statistically significant
correlations between changes in the concentration of
the various metals and the distance from the road.

In our study it was found that traffic has a local
influence on some environmental components such
as water or soil in Poland. Regardless of this local
influence of traffic on environment, it has to be taken
into consideration the impact on human well-being.

Conclusions

Presented study of heavy metal content in soils in
the vicinity of transport routes leads to the following
conclusions:

1. Differences in the concentration of specific
heavy metals between the sections of transport routes
investigated in our study were more than 100-fold.
The highest concentrations were recorded near a
Polish-Lithuanian border crossing (DK 8, Suwatki
transect), and the lowest along the new expressway S8
(Radzymin transect).

2. Heavy metal content in soils decrease from
the sampling points closest to the road towards the
open area. This pattern was more regular in transects
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intersecting the long existing national roads and less intensity, the environmental impact of motorways is

regular in transects intersecting the relatively new much lower than that of national roads. High speed

motorways. appears to be safer for the environment and human
It may be concluded that, given similar traffic well-being than low speed.

bl
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