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With the number of vehicles increasing, the analysis of highway roadside soils for contamination
by heavy metals becomes expedient. This article deals with contamination by heavy metals of the road-
sides of the Vilnius—Kaunas-Klaipéda (A1), Vilnius-Panevézys (A2), Vilnius-Varéna-Grodno (A4),
Vilnius-Utena (A14) and Vilnius-Prienai-Marijampolé (A16) highways. The analysis covers six heavy
metals — nickel (Ni), copper (Cu), chromium (Cr), lead (Pb), zinc (Zn), and manganese (Mn), — the
contaminants most often emitted by vehicles. The results have shown the maximum permissible con-
centrations (MPC) of the heavy metals in question to be not exceeded in any of the samples, but the
concentrations of some heavy metals in the highway roadsides exceeded the background concentra-

tions 1.3 to 6.7 times.
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INTRODUCTION

Heavy metal pollution is one of the main ecological problems
in the whole world (Gardea-Torresdey et al., 2005; Claus et al.,
2007). Soil is contaminated by sour rains, boiler-house emissions
and exhaust gas discharged from vehicles. Heavy metals are de-
tected in farming lands and plants therein as well as various
food chains, which finally cause serious ecological and human
health problems (Malik, 2004; Zheljazkov et al., 2006). The ma-
jor part of chemical element emissions accumulates in soil and
in deposits of water basin bottom. Soil is treated as a medium
of both contaminant accumulation and contaminant transport.
Upon getting into soil with dust, precipitation or in any other
way, contaminants accumulate in it in the form of different com-
binations. From soil, they can enter plants and through them the
food chains. They can also migrate to surface, ground and under-
ground waters and spread at large distances, re-enter food chains
and poison live organisms (Idzelis et al., 2004). Heavy metals can
migrate within soil, some of them accumulate in it and often
disturb soil processes and sometimes can even cause soil deg-
radation (Baltrénas et al., 2003; Poszyler-Adamska, Czerniak,
2007). Inter-spherical migration of chemical elements and their
accumulation depend on a lot of environmental factors, such
as meteorological conditions, the chemical and mineralogical
composition of soil-forming rocks, the textured composition of
the soil, soil solution pH, sorption, the content of organic matter,
etc. The toxic and hazardous compounds cause various diseases

and mutations. Lead, mercury, cadmium and zinc belong to the
most toxic compounds. Most of the heavy metals — mercury,
lead, cadmium, chromium, copper, nickel, zinc, cobalt, vanadi-
um, molybdenum, beryllium, uranium, strontium, arsenic and
others — are highly hazardous to human health. They are carci-
nogenic, mutagenic, teratogenic, also gonadotoxical, embryo-
toxical, nephrotoxical, neurotoxical. Particularly dangerous is
the general, synergetic effect of the metals, when the combined
damage is realized through their separate concentrations which
do not exceed the normative values. Depending on soil charac-
teristics and the humidity mode, these materials can cause acidi-
fication or alkalification of soil and cause various diseases and
intoxication (Taraskevicius, Radzevicius, 1998). Metals are non-
biodegradable and therefore persist for long periods in aquatic
as well as terrestrial environments. They may be transported
also through soils to reach groundwater, or may be taken up by
plants, including agricultural crops (Boularbah et al., 2006).

Soil may be the most important sink of metals and other pol-
lutants. Trace metal contaminations are introduced into soil en-
vironment through a variety of human activities, such as waste
disposal, mining and smelting (Wu et al., 2006).

The aim of the present study was to analyse the influence of
motor vehicles on soil and to evaluate the level of contamina-
tion with heavy metals in the upper roadside layer of highways.
Soil contamination with heavy metals was studied in the nearest
road environment, i. e. up to the end of the external slope of a
road ditch.
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METHODS

To find out the intensity of atmospheric contamination load-
ing, samples were taken from the surface soil layer at a depth of
around 10 cm (Jankauskaiteé et al.,2008). Each sample was taken
according to the principle of “envelope’, i. e. by covering the en-
tire elementary area (1 x 1 m) designed for it with sub-samples
taken from at least five spots situated at equal distances from
each other (Zinkuté et al.,2007). The use of stainless steel instru-
ments is recommended for taking soil samples for determining
heavy metal concentrations; therefore, the sampling was done
with stainless steel rings and samples were put into polyethyl-
ene string bags (Baltrénas et al., 2001). Soil samples were taken
on both sides of the highway by making transverse profiles in
January 2008 because a stable coat of snow was not formed. The
first transverse profile point was located close to a roadway, the
second being at a 2-meter distance and the 3rd one at a 5-meter
distance from the roadway. Soil contamination was examined in
the nearest road environment, i. e. up to the external slope of a
road ditch.

The collected soil samples in string bags (around 500 g
in weight) were transported to the laboratory of the Vilnius
Gediminas Technical University Department of Environmental
Protection and analysed by determining the content of Cr, Cu,
Mn, Ni, Pb and Zn by the atomic absorption spectroscopy tech-
nique. The analysis covered these particular heavy metals as
they are the main elements-indicators of contamination caused
by motor vehicles (Baltrénas, Vaisis, 2006; Zinkuté et al., 2007).

Prior to chemical analysis, the soil samples were dried, larger
roots, other organic inserts and stones were removed from them,
and the samples were crushed. The soil samples were homo-
genised by passing them through a sieve with 1 mm?*-sized
mesh. 10 g of sieved out soil was dried at a temperature of 105 °C
for 2 h and cooled in a desiccator. 0.5 g of the sieved out soil was
weighed with the Kern 770-60 analytical electronic balance
(with the accuracy 0of 0.0001 g). The weighed samples were placed
in the Mildestone mineraliser’s flask. Acids were slowly poured
into it: 2 ml of hydrogen peroxide (H,0,) and 10 ml of nitric acid
(HNO,). The sample was mineralised in a mineraliser for 1 h
at 200 °C. After mineralisation, the vessel with the sample was
cooled to a temperature of 50-70 °C. The obtained soil extract
was filtered through a paper filter into a glass flask and diluted
with deionised water up to the mark on the flask (50 ml). Metal
concentrations were measured with the Buck Scientific 210 VGP
spectrometer using the acetylene-air flame. The determination
of heavy metal concentrations in soil using the flame atomic
absorption spectroscopy technique is based on measuring the
absorption of heavy metal atoms. The absorption was measured
by selecting a short length of the wave (LAND 28-98/M-08;
Vandens kokybe..., 2002).

To evaluate the soil contamination level, the research find-
ings were compared to the background levels of heavy metals in
Lithuanian soils, approved in the hygiene norm “The Maximum
Permissible Concentrations of Hazardous Chemical Substances
in Soil” (HN 60: 2004). The soil samples taken for analysis from
highway roadsides were of sand and sandy loam type. The stand-
ard background heavy metal levels in it are: Ni — 12 mg/kg,
Pb - 15 Mg/kg, Cu - 8.1 mg/kg, Cr - 30 mg/kg, Zn - 26 mg/kg,

Mn - 427 mg/kg. The maximum permissible concentrations
(MPC) of heavy metals in soil are: Ni - 75 mg/kg, Pb — 100 mg/kg,
Cu - 100 mg/kg, Cr — 100 mg/kg, Zn - 300 mg/kg, Mn -
1500 mg/kg (HN 60: 2004).

The obtained values of heavy metal concentrations in trans-
verse profiles of both roadsides differed only by the size of an
error, therefore, the results obtained from one roadside are pre-
sented.

RESULTS

The Vilnius-Kaunas-Klaipéda highway (A1). Soil samples were
taken on the 61st km near the residential area of Ziezmariai. On
the 61st km, the highway A1 borders the Stro$ianai Landscape
Reserve. Bushes and trees grow on both sides of the roadside
where samples were taken. A bus stop is at a distance of 70 m
from the transverse profile on the right roadside. The locality is
oper.

On the highway A1, the highest concentration of Ni was de-
tected in samples collected near the roadway; it was 1.6 times
above the background quantity (12 mg/kg). Samples collected at
a 2-m distance from the roadway showed that Ni concentration
was decreasing and did not exceed the background level. The
concentration of Ni was nearly 1.5 times lower than the back-
ground level in samples collected of at a distance 5 m from the
highway. The concentration of Pb was very similar in the samples
taken close to the roadway and at a distance of 2 m and 2.4 times
exceeded the background level. Pb concentration in samples col-
lected at a distance of 5 m was equal to 6.1 mg/kg. The concentra-
tions of Cu exceeded the background level in samples collected
closer to the roadway. Cu concentration by the roadway equalled
13.4 mg/kg. The concentration of Cu in the samples collected at a
distance of 2 m from the road was nearly equal to the background
level (8.1 mg/kg) and in those collected at a distance of 5 m was
more than 2 times lower than the background level (Fig. 1).

Cr concentrations determined at the 61st km of the A1 high-
way 1.6 times exceeded the background level. Higher concentra-
tions of Cr were determined in samples taken 5 m away from the
roadway.

Cr concentration in samples taken at a distance of 2 m from
the road was 39.5 mg/kg, i. e. 1.3 times higher than the back-
ground level. The Zn concentrations in all the samples exceeded
the background level but did not exceed the MPC. The Zn con-
centration in the samples collected by the roadway reached
74.6 mg/kg, i. e. 2.9 times exceeded the background level. In
samples gathered at 2 m from the road, Zn concentration fell to
68.2 mg/kg and in samples collected at a distance of 5 m was
equal to 40.1 mg/kg, i. e. the background level was exceeded 1.5
times. Mn concentration exceeded the background level in none
of the samples. Mn concentration in samples taken at a 5-m dis-
tance reached 199.8 mg/kg, in samples taken at a 2-m distance
84.7 mg/kg and by the road 165.4 mg/kg (Fig.2).

As the data show (Fig. 1, 2), the heavy metal concentrations
decrease with increasing the distance from the road. Since there
is no road ditch in the sampling places, heavy metals are not
transported with rain wastewater to the lower areas of the relief,
and their concentrations decease with increasing the distance
from the road.
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The Vilnius-Panevézys highway (A2). Sampling was done
at the 18th km. The highway goes along a low embankment;
there is a 1.0-1.5 m slope on the left and on the right. The
locality is open, a mixed forest grows on the right side of the
road, high voltage electricity poles have been built. A viaduct
has been built over the road 0.5 km from the transverse pro-
files (18.5 km from Vilnius). Individual trees grow on the left
side of the road. Road ditches are conditional, roadsides have
asphalt paving.

In the soil of the highway A2, Ni concentration exceeded the
background level only in one sample, which was taken at a dis-
tance of 5 m from the roadway (15.7 mg/kg). In samples taken
closer to the roadway, Ni concentration was lower than the back-
ground level. Pb concentration exceeded the background level in
all the soil samples but did not exceed the MPC. In the samples
taken by the road, Pb concentration was nearly 2.5 times higher
than the background level. In samples taken at a 5-m distance
from the roadway, Pb concentration 1.6 times exceeded the

background level. Cu concentrations in this sampling profile did
not exceed the MPC but 2.7 times exceeded the background le-
vel. Cu concentration in samples taken by the road was equal to
21.8 mg/kg and with increasing the distance from the roadway it
was decreasing (Fig. 3).

Cr concentration exceeded the background level in samples
collected by the roadway. Here Cr concentration was equal to
59.4 mg/kg, i. e. nearly two times more than the background le-
vel. Cr concentration in other samples did not exceed the back-
ground level and in samples taken at a 5-m distance was 6 times
lower than the background level. Zn concentration did not exceed
the MPC in any of the samples. The highest Zn concentration
was recorded in samples collected by the roadway (175.2 mg/kg),
where it was 6.7 times above the background level. With the dis-
tance from the roadway growing, Zn concentration decreased
and at a 5-m distance was 24.5 mg/kg, i. e. lower than the back-
ground level. None of the Mn concentrations determined in the
samples taken at the 18th kilometre of the A2 highway exceeded
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the background level. At a 2-m distance, Mn concentration was
equal to 209.5 mg/kg, which was the highest Mn concentration
recorded at the 18th km of the A2 highway (Fig. 4).

Considering the fact that the highway goes along a low em-
bankment, the concentrations of heavy metals are distributed
rather evenly and decrease with increasing the distance from the
roadway.

The Vilnjus-Varéna-Grodno highway (A4). Sampling was
done at the 49th km. The road is at the same height as the road
environment. The locality is even, a coniferous wood dominated
by pine trees grows on both sides of the road. The wood grows
by the road ditches, i. e. at a distance of 5-8 m from the roadway.
The roadside is gravel, the way sides were mowed.

The analysis of soil samples taken by the highway A4 shows
that Ni concentration exceeded the background level 1.3 times
in one sample (at a 2-m distance from the roadway) and in other
samples was lower than the background level. Pb concentration in
all the samples exceeded the background level, but it was decrea-

sing with increasing the distance from the road. The highest Pb
concentration was determined in samples collected by the road,
where it 2.1 times exceeded the background level, and at a 5-m
distance it was 17.9 mg/kg, i. e. 1.5 times higher than the back-
ground level. Cu concentration insignificantly exceeded the back-
ground level only in one sample: at a 5-m distance from the road-
way it was 1.05 times higher than the background level (Fig. 5).

Cr concentrations exceeded the background level only in
samples collected by the roadway where it reached 40.8 mg/kg
and was 1.4 times more than the background level. Cr concent-
ration was decreasing in samples collected away from the road-
way, and in samples taken at a 5-m distance it reached 5.9 mg/kg,
which is 5 times less than the background level. Zn concentra-
tions in all the samples exceeded the background level (1.2 to 1.9
times) but did not exceed the MPC. Mn concentrations did not
exceed the background level in any of the collected samples. The
highest Mn concentration in this place reached 191.5 mg/kg,
being 2.2 times lower than the background level (Fig. 6).
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As the above data show (Figs. 5, 6), concentrations of heavy
metals are higher at a 5-m distance from the roadway. Since
there is a road ditch in this place, it can be assumed that heavy
metals are transported by rain wastewater or wind away from
the roadway and settle on the external slope of the road ditch.

The Vilnius-Utena highway (A14). Sampling was done at
the 17th km. The road goes along an embankment, localities are
open, no road ditches are present. Individual mature pine-trees
grow by the road.

Ni concentration determined in the soil samples collected by
the roadway of the A14 highway did not exceed the background
level. The background level in samples collected away from the
road was exceeded 1.4 times. Pb concentrations did not exceed the
background level in any of the samples. The highest determined
concentration of this metal reached 14.5 mg/kg. Cu concentrations
in all the samples were close to the background level. The highest
Cu concentration 1.1 times exceeded the background level (Fig.7).

The determined Cr concentrations vary from 5.1 mg/kg to
34.7 mg/kg. The highest Cr concentration exceeded the back-
ground level nearly 1.2 times, and the lowest concentration of
Cr was nearly 6 times below the background level. The high-
est Zn concentration was determined in samples taken by the
roadway. Here it reached 59.8 mg/kg, which is 2.3 times more
as compared with the background level. Zn concentration was
decreasing with increasing the distance from the roadway. Mn
concentration did not exceed the background level in any of
the collected samples. The highest Mn concentration reached
184.2 mg/ kg and the lowest 74.8 mg/kg (Fig. 8).

Based on the obtained findings (Figs. 7,8), it can be conclud-
ed that the concentrations of the majority of heavy metals in this
sampling profile decrease with increasing the distance from the
roadway.

The Vilnius-Prienai-Marijampolé highway (A16). Samp-
ling was done at the 24th km. There are no residential houses in
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the sampling place. A small wood and buckthorn bushes stretch
on the left side of the road, and there are many fir trees there.
The right side of the road is dominated by open localities, young
fir and birch tree woods and uncultivated lands there. There are
no road ditches there. The roadsides are narrow, of technogenic
soil.

Ni concentration determined in roadside soil of the 24st km
of the A16 highway varied from 10.9 mg/kg to 18.2 mg/kg. The
background level was exceeded 1.5 times. Pb concentrations in
all the samples exceeded the background level but were not in
excess of the MPC. The highest Pb concentration was recorded
in samples collected by the roadway (22.9 mg/kg), where it
was 1.5 times above the background level. The lowest Pb con-
centration was determined at a 5-m distance from the roadway.
Here it reached 18.4 mg/kg and was 1.2 times higher than the
background level. Cu concentrations determined in this profile
exceeded the background level 1.1 to 1.4 times. With a distance
from the roadway increasing Cu concentration was decreasing
(Fig.9).

Cr concentrations determined in this profile did not exceed
the background level. The highest Cr concentration was 2.9

times below the background level. The highest Zn concentra-
tion was recorded by the roadway. Here it reached 170.5 mg/kg,
which is 6.6 times above the background level, but the MPC was
not exceeded. With increasing the distance from the roadway,
Zn concentration was decreasing and at a 5-m distance reached
38.9 mg/kg, i. . it was 1.5 times higher than the background le-
vel. Mn concentrations did not exceed the background level. The
highest Mn concentration reached 375.4 mg/kg and the lowest
80.1 mg/kg and was 1.1 to 5.3 times lower than the background
level (Fig. 10).

A comparison of heavy metal concentrations in soil on
the roadsides of the Vilnius—Kaunas-Klaipéda and Vilnius-
Panevézys highways shows that Ni concentration did not exceed
the MPC in any of the sampling profiles. The determined con-
centrations of this metal only slightly differ. Ni concentration
determined by the roadway of the Vilnius-Kaunas—Klaipéda
highway is up to 1.7 times higher than that recorded at the same
distance from the Vilnius—Panevézys highway. Ni concentration
at a 5-m distance from the roadways of the mentioned highways
differs more than 1.9 times. Pb concentrations did not exceed
the MPC at the mentioned highways. A comparison of our find-



Heavy metal concentrations in roadside soils of Lithuania’s highways 243
30
22.9 22.4
25
L T 18.4
18.2
o 20 I Ni concentration
= T —
E’) 17.4 . . Pb concentration
.5 15 - : . [ Cu concentration
g 511.8 10.9 . 11.7 E == Ni background
2 : I =f_ E 8.9 value
8 10 - - == pb background
: I value Fig. 9. Concentrations of Ni, Pb, Cu
: o in the roadside soil of the Vilnius—
51 E E — Prienai—Marijampolé highway (A16),
: : 24thkm
o . - 9 pav. Ni, Pb, Cu koncentracijos Vil-
0 ' P ' 5 nius—Prienai-Marijampolé (A16) ma-
Distance from the roadway, m gistralés 24 km pakelés dirvozemyje
450
[ | i |
400
375.
350
00
%ﬂ 3 MMM Cr concentration
%ﬂ 250 RS8N Zn concentration
é 205.8 E==Mn concentration
«
E 200 170.5 L =—@— Cr background
3 value
g =—&@— Zn background
O 150 value
80.1 == Mn background
100 : value Fig. 10. Concentrations of Cr, Zn, Mn
55 in the roadside soil of the Vilnius—Prie-
s 5.0 38.9 nai—Marijampolé highway (A16), 24th
10.4 km
8.2 \ o
0 P 10 pav. Cr, Zn, Mn koncentradijos Vil-
0 2 5 nius—Prienai—Marijampolé (A16) ma-
Distance from the roadway, m gistralés 24 km pakelés dirvozemyje

ings shows that a somewhat bigger amount of Pb has accumu-
lated by the Vilnius—Panevézys highway, but there is no great
difference between Pb concentrations at a distance of 0 and 2 m
from the roadways of these highways. These concentrations are
up to 3.9 times higher in samples taken at a 5-m distance by the
Vilnius-Panevézys highway as compared with the Vilnius-Kau-
nas—Klaipéda highway.

The determined Cu concentrations did not exceed the MPC.
Higher Cu concentrations were recorded by the Vilnius—Pane-
vézys highway. The highest concentration of this metal was deter-
mined by the roadway of this highway (21.8 mg/kg), and that of
13.4 mg/kg was recorded by the Vilnius—Kaunas—Klaipéda high-
way. The lowest Cu concentration (3.4 mg/kg) was recorded in soil
ata 5-m distance from the roadway of the A1 highway.

The determined Zn concentrations did not exceed the MPC.
Zn concentrations by the roadways of the Vilnius—Kaunas—Klai-

péda and Vilnius-Panevézys highways were equal to 74.6 mg/kg
and 175.2 mg/kg, respectively, and were lower at a distance of
5-m (40.1 mg/kg and 24.5 mg/kg).

The determined Mn concentrations exceeded neither the MPC
nor the background level in the roadside soil of the highways in
question. The determined Mn concentrations only slightly differ
in both roadsides. A comparison of heavy metal concentrations in
the highways A1 and A2 shows that these concentrations in soils
of both highway roadsides do not exceed the permissible norms.

A comparison of heavy metal concentrations in roadside
soils of the Vilnius-Varéna-Grodno, Vilnius-Utena and Vil-
nius—Prienai-Marijampolé highways was done assuming that
these highways are characterized by equal loading. Ni concen-
trations in the roadside soils of the mentioned highways differ
insignificantly and are close to the background level. No excess
of the MPC was recorded.
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Pb concentrations did not exceed the MPC in any of the
samples. In the roadside soils of the highways, they exceeded
the background level up to 2.2 times (Vilnius—Varéna-Grod-
no). The Pb concentration determined by the Vilnius-Utena
highway is nearly the same as the background level in all the
collected samples. Somewhat higher concentrations were de-
termined on the roadsides of the Vilnius—Varéna-Grodno and
Vilnius—Prienai-Marijampolé highways, but the permissible
values were not exceeded.

The determined Cu concentrations did not exceed the MPC.
The lowest Cu concentration on the roadsides of these highways
was up to 1.9 mg/kg (Vilnius-Varéna-Gardinas), and the high-
est Cu concentration reached 11.8 mg/kg (Vilnius—Prienai-Ma-
rijampole).

The determined Cr concentrations did not exceed the
MPC. Somewhat higher Cr concentrations were recorded on
the roadsides of the Vilnius—Varéna-Grodno highway where
the background level (30 mg/kg) was exceeded up to 1.3 times.
The lowest Cr concentration (5.0 mg/kg) was determined in the
roadsides of the Vilnius-Prienai-Marijampolé highway. This
concentration is 6 times lower than the background level.

The highest Zn concentration reached 170.5 mg/kg (in the
roadsides of the Vilnius-Prienai-Marijampolé highway), but the
MPC (300 mg/kg) was not exceeded. The lowest concentration
of this metal (32.4 mg/kg) was recorded in the roadsides of the
Vilnius-Varéna-Grodno highway.

Zn concentrations in all the samples exceeded the back-
ground level but did not exceed the MPC. Mn concentration in
soil samples collected near the highways in question exceeded
neither the MPC nor the background level. The lowest concent-
ration of this metal (55.6 mg/kg) was determined in the roadside
soil of the Vilnius—Varéna-Grodno highway, and the highest
(375.4 mg/kg) by the Vilnius—Prienai-Marijampolé highway.

CONCLUSIONS

Analysis of data collected in the present study shows that the
concentration of heavy metals (Ni, Pb, Cu, Cr, Zn, Mn) did not
exceed the MPC in any of the samples, indicating that pollution
with heavy metals on the roadsides of Lithuanian highways is
not high, but roadside monitoring is necessary because the
transport flows are growing.

The highest determined Ni concentration in the roadsides
of the Vilnius-Kaunas—Klaipéda highway is 1.6 times above the
background level. The concentration of Pb exceeded the back-
ground level up to 2.4 times and that of Cr up to 1.65 times. On
the roadsides of this highway, Cr concentration exceeded the
background level up to 1.6 times, Zn concentration up to 2.9
times. Mn concentration did not exceed the background level in
any of the points.

On the roadsides of the Vilnius-Panevézys highway, Ni
concentration exceeded the background level 1.3 times. The
concentration of Pb exceeded the background level 2.5 times
and that of Cu 2.7 times. Cr concentration determined by this
highway was 2 times higher than the background level. The
highest concentration of Zn exceeded the background level up
to 6.7 times, and Mn concentration did not exceed the back-
ground level.

The highest concentration of Ni determined by the Vilnius-
Varéna-Grodno highway 1.3 times, that of Pb up to 2.1 times,
Cr up to 1.4 times, Zn up to 1.9 times exceeded the background
level. Cu concentration was nearly equal to the background level,
and Mn concentration did not exceed the background level.

Pb and Mn concentrations in the roadside soil of the
Vilnius-Utena highway did not exceed the background level.
The concentration of Ni exceeded the background level up to
1.4 times, that of Cu 1.1 times, of Cr up to 1.2 times, of Zn up to
2.3 times.

Cr and Mn concentrations in the roadside soil samples of the
Prienai-Marijampolé highway did not exceed the background
level. The concentration of Pb exceeded the background level up
to 1.5 times, of Cu up to 1.4 times, Zn up to 6.6 times.

The concentrations of some heavy metals (Mn, Pb, Ni) at a
5-m distance from the roadway were higher than those by the
roadway or at a 2-m distance from it (Figs. 2, 3,9, 10). This allows
us concluding that higher concentrations of heavy metals may
also be detected at larger distances from the road. The distribution
of heavy metals in soil is predetermined by traffic intensity on the
road (number of vehicles / day), predominant wind direction, soil
type and vegetation (Zinkuté et al., 2007). Another important fac-
tor is the geomorphologic position of a road (whether the road is
built along a bed or a pit, the presence or absence of road ditches,
whether the road is surrounded by a wood or is in an open locali-
ty) as well as the values of atomic masses of heavy metals (Cr - 52,
Mn - 55,Ni - 59, Cu - 63, Zn - 65, Pb — 207). Under favourable
conditions of spreading, heavy metals, even with bigger atomic
masses, can spread to larger distances from a roadway.
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SUNKIUJU METALY KONCENTRACIJU TYRIMAI
LIETUVOS MAGISTRALIU PAKELIU DIRVOZEMY]JE

Santrauka
Didéjant transporto priemoniy skaiciui, tikslinga nagrinéti magistraliy
pakeliy dirvoZemio tar$g sunkiaisiais metalais. Straipsnyje nagrinéja-
ma magistraliy Vilnius-Kaunas-Klaipéda (A1), Vilnius—Panevézys
(A2), Vilnius-Varéna-Gardinas (A4), Vilnius-Utena (A14) bei Vil-
nius-Prienai-Marijampolé (A16) pakeliy tar$a sunkiaisiais metalais.
Analizuojami $e$i sunkieji metalai — nikelis (Ni), varis (Cu), chromas
(Cr), $vinas (Pb), cinkas (Zn) ir manganas (Mn), dazniausiai i$siskirian-
tys autotransporto priemoniy eksploatavimo metu. Tyrimais nustatyta,
jog analizuojamy sunkiyjy metaly koncentracijos dirvozemyje nevir-
$ijo didziausiy leistiny koncentracijy (DLK), taciau skirtingi sunkieji
metalai magistraliy pakelése foninius kiekius virsijo 1,3-6,7 karto.
Nustatyta, jog kai kuriy sunkiyjy metaly (Mn, Pb, Ni) koncentra-
cijos, rastos 5 m atstumu nuo vaziuojamosios kelio dalies, yra didesnés

nei prie vaziuojamosios kelio dalies ar 2 m atstumu nuo jos. Tai leidzia
daryti prielaida, jog didelés sunkiyjy metaly koncentracijos gali bati
aptiktos ir toliau nuo kelio. Sunkiyjy metaly koncentracijy pasiskirsty-
mga dirvozemyje lemia eismo intensyvumas kelyje (automobiliy skai-
¢ius / para), vyraujanti véjy kryptis, dirvozemio tipas, auganti augalija,
taip pat kelio geomorfologiné padeétis (ar nutiestas sankasoje, ar i$kaso-
je,ar yra kelio grioviai ir koks jy nuolydis, ar kelig supa miskas, ar jis yra
atviroje vietovéje) bei sunkiyjy metaly atominés masés reik§més. Esant
palankioms sklaidos salygoms, sunkieji metalai net su didesne atomine
mase gali pasklisti didesniu atstumu nuo vaziuojamosios kelio dalies.

Aynpone fHkaiire, [Ipanac bantpenac, Arne Kasnayckene

VICC/IEJOBAHUE KOHIIEHTPA LIV TSDKETBIX
METAJI/IOB B IIOYBE OBOYMH MATVYCTPAJIBHBIX
IOOPOT

Pesome

B cBasu c yBenmyeHneM KOMMYeCTBAa TPAHCIOPTHBIX CPENCTB Liere-
CO00pa3HO MCCIENOBaTh 3arpsi3HEHNE I10YBbI 000YMH MAaruCTpaib-
HBIX IOPOT TDKEbIMM MeTalnaMu. B cTaTbe OCYIeCTBIIEH aHA/INU3
3arpsA3HEHVs TSDKEbIMY MeTa/UIaMV TI0YBBI OKOJIO MArucTpaabHBIX
mopor BumbHioc-Kaynac-Kraitnena (A1), Bunbnioc-IlaHsBexuc
(A2), BunbHioc-Bapena-Ipogto (A4), Bumbaioc—Yrena (A14) u Bub-
uioc-IIpenaii-Mapusimmorne (A16). ViccmenoBaHbl IIECTb TsDKENMbIX
mertajios: Hukenb (Ni), menp (Cu), xpom (Cr), cuner (Pb), muuk
(Zn) n mapranen (Mn), 4amje BCero Bblje/sieMble TPAaHCIIOPTHBIMU
CpefiCTBaMI. YCTAHOBJIEHO, YTO KOHIIEHTPALMY HA3BAHHBIX TSKENbIX
META//IOB B IIOYBE He IIPEeBbIIIA/IN MAKCHMA/bHBIX JOIYCTUMBIX KOH-
LIeHTPAINil, OfHAKO B 11e/I0M KOHIIEHTPALMIU TsKENbIX MEeTA/IOB B
o4Be 060YMH MArucTPaIbHbIX JOPOT MpeBbIInany (pOHOBbIE 3HAYe-
HuA B 1,3-6,7 pasa. VccnenoBanuAMM yCTaHOBIEHO, YTO KOHIIEHTpPa-
MM HEKOTOPBIX TsDKenbix MeTawioB (Mn, Pb, Ni) Ha paccrostaum 5 M
OT IIPOe3)Kell YacTy OPOTY BbIIIIE, YeM OKOJIO IIPOe3Kell YacTy M Ha
paccTosnum 2 M oT Hee. Ha 3TOM 0CHOBaHMM MOXXHO TIPEJTIONOXKNUTD,
4TO BBICOKJE€ KOHIIEHTPALVH TSDKEIBIX METAJIZIOB MOTYT CKaIlIMBaThCA
7 Ha GOIBIINX PACCTOSIHUAX OT oporu. Pacmpesenenie KOHIeHTpa-
LI TSDKETBIX METAJUIOB B II0YBE 00YCTIOB/IEHO IHTEHCUBHOCTDIO [BM-
XKeHWA Ha Jlopore (4icmo aBToMo6uIIet / CyTKM), TOCIIOACTBYOLINMI
HAIlpaB/IeHUAMY BETPOB, TUIIOM II0YBBI, PaCTUTENIbHOCTBIO. VIMetoT
3Ha4eHe TakKe TeoMOpdOIOrnIecKoe paciooKeHne foporu (mpo-
JI0KEeHa 110 POBHOMY IIOZIOTHY M/IM IO BbIEMKe, IMEIOTCA /U Ha Hell
KaHaBKI, KAKOB YK/IOH KaHABOK, OKPY>KeHa JJ0pora lecaMy VI Ipo-
JIOXKeHa I10 OTKPBITOI MECTHOCTM), @ TAKXKe 3HAYEHNs] aTOMHBIX Mace
TAKEJIBIX MeTajuIoB. [Ipy 671arompuATHBIX YCIOBUAX paclpefieNeHus
TAKEJIbIe METAJIIBI JaXKe TIpY OONIBIINX aTOMHBIX MaccaX MOTYT OKa-
3aThCs HA 3HAYMTEILHO OONMBIINX PACCTOSHUAX OT MPOE3Keil IacTH
TOpOTIL.



