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The differences among topsoil contamination by Zn, Pb, Cu, Sn, Ag, Mo and Ni in various groups
and subgroups of 82 sites within the central districts of Vilnius located in the Neris River valley are
analysed explaining them by the influence of various anthropogenic factors. These chemical elements
are the main contaminants of the study area among 13 elements, the total contents of which have been
determined in fraction <1 mm by optical atomic emission spectrophotometry. The territory is rather
homogeneous according to natural factors. The general anthropogenic factor of the three main types of
land-use has the greatest influence on urban topsoil contamination. In infrastructural-industrial sites,
which are influenced by direct anthropogenic factors, the concentration coeflicients of most of the
main contaminants (Pb, Cu, Mo, Ni) are significantly higher than in residential and public-residential
groups in which the role of such indirect anthropogenic factor as density of built-up areas, as well as
of the general factor of time-span of urbanisation increases. In the infrastructural-industrial group,
present or former industry is the main direct factor, followed by parking or repair of transport and the
latter followed by main traffic roads. In the residential and public-residential group, the main variability
of contamination is related to the time-span of urbanisation with an increase of Ag, Zn and Cu as the
time-span of urbanisation grows. For the factor of density of built-up areas, no significant differences
were found, probably because of a simultaneous influence of other anthropogenic factors. The differ-
ences between public-residential and residential sites are mostly insignificant, indicating similarity of
population exposure. In public-residential sites, a higher contamination by Ag is characteristic of public
health care sites and by Sn of public business sites.
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INTRODUCTION

has been analysed using GIS technologies together with land-
scape indices related both to natural and anthropogenic factors

The research is aimed at explaining the differences in urban top-
soil contamination by the influence of different anthropogenic
factors. The following subdivision of anthropogenic factors is
proposed: 1) direct - factors related to known pollution sources
of the site, usually industry or traffic; 2) indirect — factors that
regulate the distribution of pollutants and are related to such
human activities as planning and construction; 3) general - his-
tory-related anthropogenic factors, such as the main types of
land-use and the time-span of urbanisation.

In foreign countries, investigations of the influence of differ-
ent factors on topsoil contamination are numerous. Much has
been done to relate chemical elements to pollution sources (di-
rect anthropogenic factors), e. g. Cu, Pb and Zn to traffic, As to
coal and peat combustion for home heating (Zhang, 2006), Cu to
railway lines and tramway (Impetato et al.,2003).In a large region
including urban and suburban territories, soil contamination

(Lin et al., 2002). According to Lee et al. (2006), the enrichment
of heavy metals in soils in urban areas compared with industrial
or mining areas is not well illustrated. The reason might be that
most of industrial sources are often beyond the urban territories.
But the main direct anthropogenic factor - traffic — always exists
in urban territories, so its relationship with topsoil contamina-
tion has been investigated (Lee et al., 2006). Most of urban re-
searchers have studied both natural and anthropogenic factors,
e.g.the effects of geomorphology, industrial activities, roads and
buildings (Li et al., 2004); geomorphology, road density, location
and age of built-up areas, location of major traffic routes (Zhang,
2006). Chen et al. (2005) noticed a higher contamination of soil
in urban parks in the densely populated historic centre districts,
the location and age of the park being important factors in de-
termining the extent of heavy metal pollution. They explain the
high contamination of soil in the centre of the city by the highest
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road density and a long duration of traffic pollution. According
to Chen et al. (2005), differences among cities could have a large
impact on the findings of individual studies.

As the greatest cities in Lithuania have been histori-
cally industrialised, direct anthropogenic factors (differ-
ent types of industrial pollution) have been investigated in
detail (Taraskevi¢ius, 1994, 2000; Radzevic¢ius et al., 1997;
Taraskevicius, Siaudiniené, 2001; Zinkuté 1999a, 1999b, 2002,
2005; Zinkuté et al., 1999, 2002, 2005). Small Lithuanian towns
are less contaminated (Taraskevicius, Zinkuté, 2003), and their
direct anthropogenic factors are usually not obvious. Presently,
the same concerns also large cities, because most of the enter-
prises are not industrial, but rather related to trade and market-
ing. Traffic actually remains the only direct anthropogenic factor.
Therefore, the need to search for indirect anthropogenic factors
in residential territories is obvious. Still there are urban sites
where direct anthropogenic factors can be stated, i. e. present
industrial sites, former industrial or military areas, main traffic
roads and junctions, parking places, transport repair enterpris-
es. They can be distinguished as infrastructural-industrial sites.
Unlike the previous investigation of the relationship between
Vilnius topsoil additive contamination and the landscape self-
regulation potential, which integrates the expert ranking of both
natural and anthropogenic factors (Jankauskaité et al., 2008),
this study concentrates on anthropogenic factors. It has been
revealed that the time-span of urbanisation is one of the most
important factors related to the contents of hazardous elements
in topsoil (Taraskevi¢ius,2000) and can be used for a rough fore-
cast of the level of topsoil contamination (Taraskeviius et al.,
2003). However, joint analysis of several anthropogenic factors
has not yet been done.

The aim of this research was to reveal among 13 elements
(Ag, B, Ba, Co, Cr, Cu, Mn, Mo, Ni, Pb, Sn, V, Zn) the main con-
taminants of topsoil in part of the central districts of Vilnius lo-
cated in the Neris River valley and to analyse the differences in
topsoil contamination of the territories under various effects of
anthropogenic factors.

The study area (Fig. 1) includes rather old and formerly
partly industrialised districts: Zvérynas, Snipiskés and Zirmainai
and the western part of Antakalnis. Due to a similar lithology
of subsoil and geomorphology (similar natural factors) this area
is a suitable object to reveal the influence of anthropogenic fac-
tors. Urban land-use was chosen as the starting point of classi-
fication. Previous investigations have shown that the topsoil of
infrastructural-industrial land-use is more contaminated than
public-residential, and public-residential more than recreation-
al (Taraskevicius, Zinkuté, 2003). So the reseach was based on
them.

METHODS

Sampling. Sampling was done by the authors in December 2006
taking composite samples from 82 sites of Vilnius, evenly distri-
buted on the area of about 19 km?*located in the Neris River val-
ley. Each bulk sample of about 8-10 kg was gathered by zigzag
crossing a site area and collecting 20-25 similar mass increments
from the upper soil layer (0-10 cm). Sampled material was ho-
mogenised and a composite sample reduced to about 1 kg.

Four groups of sites were distinguished according to pre-
vailing land-use in each of them (general anthropogenic fac-
tor): I - infrastructural-industrial, E - residential and public-
residential, M — former military, R - recreational (Fig. 1). The
first two groups were classified according to different principles.
Infrastructural-industrial land-use sites, which are obviously
affected by pollution sources (former or present), were hierar-
chically subdivided according to the type of pollution (primary
anthropogenic factor), meanwhile E type sites, which are char-
acterised by difuse pollution with unknown sources, were par-
allelly subdivided according to the time-span of urbanisation
(general anthropogenic factor) and the density of built-up areas
(indirect anthropogenic factor). Besides, E land-use sites were
subdivided hierarchically considering that some sites are pos-
sible centres of attraction for the population.

Sample preparation and analysis. Samples were air-dried
and sieved. Fraction <1 mm was analysed by optical atomic
emission spectrophotometry at the laboratory of the Institute
of Geology and Geography for determining the total contents of
Ag, B, Ba, Co, Cr, Cu, Mn, Mo, Ni, Pb, Sn, V, Zn. Since 1997, the
laboratory participates for quality control in the International
Soil-analytical Exchange subprogram organised by Wageningen
University (ISE, 2008).

Data treatment. For each site, the additive index Z, of
topsoil contamination, which is one of the indices used for
soil quality evaluation in Lithuania (HN 60-2004, 2004), was
calculated by summing up the concentration coefficients K,
of all the above-mentioned elements. Regional background
values (Kadanas et al., 1999) in ppm are indicated in paren-
theses: Ag(0.08), B(26.1), Ba(400), Co(4.8), Cr(32.9), Cu(8.8),
Mn(578), Mo(0.71), Ni(12.3), Pb(16), Sn(2.07), V(29.7) and
Zn(30.9). For each group and subgroup, the median values of
concentration coefficients K, . and of the additive contamina-
tion index Z, , were calculated together with two generalised
additive contamination indices - the non-ferrous index Z ac-
cording to K, . of Zn, Pb, Cu, Sn and Ag, i. e. elements related
to non-ferrous metals, and the ferrous index Z. according to
K., of Mo, Ni, Cr, Co and V, i. e. elements related to ferrous
metals. These element groups are chalcophile or siderophile-
litophile, respectively (Goldschmidt, 2008). The main pollut-
ants were revealed analysing the accumulating associations
which included elements with K > 1.3 (Zinkuté, 2002).
Significant differences of Z, and K, of elements between pairs
of groups or subgroups were revealed by the Mann-Whitney
U-test, while significant differences among various numbers
of groups were determined according to parallel classification
using the Kruskal-Wallis test. The latter test shows whether
several independent samples are from the same population.
The significance level of tests was 0.05.

RESULTS

According to the median concentration coefficients K, , all
the analysed chemical elements in all land-use sites of the study
area are arranged in the following sequence: Zn(5.2) > Ag(4.0) >
> Cu(3.2) > Pb(2.8) > Sn(1.9) > Mo(1.4) > Ni(1.3) >V, Co(1.1).
K, of B, Cr, Mn and Ba are lower than the background values
for the Vilnius district.



Differences of Vilnius topsoil contamination in the Neris River valley due to anthropogenic factors 137

100 kilometers

BALTIC sg,

—
- \/ £

- “‘ &/~
==c v v >
\,/ﬂ \ 4 o7

LEGEND -

Sampling sites with hierarchical .
@ ) Classification codes. For public-residential |

TP ['and residential sites parallel classification WV —<
codes are given below. CFr—> D
RE—T T\
— . E(P-0) - LFmDl—
% Former military territory gyl
h
| )

0 500 m

1(PRap)
I(PR=mp)

TER)
D| DI-

Fig. 1. Groups and subgroups of sites.
Notes. Groups of land-use sites: | — infrastructural-industrial (n = 16), E — residential or public-residential (n = 51), M — former military (n = 3), R — recreational R (n = 12). Hierarchical classification

of group I: 1) 1st level subgroups: I(I) — industrial (n = 3), I(PR) — parking and repair of transport (n = 9), I(MT) — main traffic roads (n = 3); 2) 2nd level subgroups for subgroup I(PR): I(PR-
tp) —trolley-bus parking (n = 3), I(PR-mp) — motor transport parking (n = 3), I(PR-mr) — motor transport repair (n = 3). Hierarchical classification of E group: 1) 1st level subgroups: E(R) — residential
(n=31), E(P) — public-residental (n = 20); 2) 2nd level subgroups for subgroup E(P): E(P-b) — public business (n = 5), E(P-e) — public education (n = 10), E(P-h) — public health care (n = 5). Parallel
classification of E group according to categories of factors: T— maximum time-span of urbanisation (Tl - long, i. e. >100 years (n = 12), Tm — medium long, i. e. 35-100 years (n = 14), Ts — short, i.. e.
25-35 years (n=19), Tv — very short, i. e. <25 years (n = 6)); D — density of built-up areas (DI - low, i. e. <15% (n = 24), Dh — high, i. e. >15% (n = 27)); n in parentheses — number of sites

1 pav. Sklypy grupés ir pogrupiai.

Pastabos. Sklypy grupés pagal Zeménauda: | — infrastruktiriné-pramoniné (n = 16), E — gyvenamoji ir visuomeniné-gyvenamoji (n = 51), M — buvusi kariné (n = 3), R — rekreaciné (n = 12).
Hierarchiné | grupés klasifikacija: 1) 1-ojo lygio pogrupiai: I(IE) — pramoninis (n = 3), I(PR) — transporto parkavimo ir remonto (n = 9), |(MT) — magistraliniy gatviy (n = 3); 2) 2-0jo lygio |(PR) pogrupiai:
I(PR-tp) — troleibusy parkavimo (n = 3), I(PR-mp) — autotransporto parkavimo (n = 3), I(PR-mr) — autotransporto remonto (n = 3). Hierarchiné E grupés klasifikacija: 1) 1-ojo lygio pogrupiai:
E(R) — gyvenamasis (n = 31), E(P) — visuomeninis-gyvenamasis (n = 20); 2) 2-ojo lygio E(P) pogrupiai: E(P-b) — prekybinis (n = 5), E(P-e) — $vietimo (n = 10), E(P-h) — sveikatos apsaugos (n = 5).
Lygiagreti E grupés klasifikacija pagal veiksniy kategorijas: T — didziausia urbanizacijos trukmé (Tl - ilga, t. y. >100 mety (n = 12), Tm — vidutinio ilgumo, t. y. 35100 mety (n = 14), Ts — trumpa, t. y.
25-35 metai (n = 19), Tv — labai trumpa, t. y. < 25 mety (n = 6)); D — uzstatymo tankis (DI — mazas, t. y. < 15% (n = 24), Dh — didelis, t. y. > 15% (n = 27)). n skliaustuose — sklypy skaicius
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Table 1. Accumulating associations and contamination indices in hierarchical groups of sites
1 lentelé. Kaupimosi asociacijos ir uzterStumo rodikliai hierarchinése sklypy grupése

| Group or subgroup of sites

| Accumulating association

Industrial-infrastructural sites - |

Zn>Cu > Pb > Ag > Mo > Sn > Ni

Industrial sites — I(I)

Zn > Ag > Cu>Pb > Sn>Mo>Ni>Cr

Parking and repair of transport sites - I(PR)

Cu>Zn>Pb>Ag>Sn>Mo>Ni>Co

Motor transport repair sites — [(PR-mr)

Zn > Cu > Pb > Ag > Mo >Sn > Ni > Co

Motor transport parking sites — I(PR-mp)

Zn > Cu > Pb > Ag > Sn > Mo > Co > Cr > Ni

Trolley-bus parking sites — |(PR-tp)

Cu>Zn>Pb>Ag>Mo>Sn

Sites near main traffic roads - I(MT)

Cu>Zn>Pb>Ag>Sn>Mo

Residential and public-residential sites — E

Zn > Ag > Cu>Pb > Sn> Mo

Residential sites — E(R)

Zn > Ag > Cu > Pb > Sn > Mo > Ni

Public-residential sites — E(P)

Zn > Ag > Cu > Pb > Sn > Mo

Public health care sites — E(P-h)

Ag >Zn>Cu>Pb>Sn>Mo

Public education sites — E(P-e)

Zn>Ag> Cu>Pb>Sn

Public business sites — E(P-b)

Zn > Sn > Ag > Pb > Cu > Mo

Former military sites - M Pb=Ag>Zn
Recreational sites - R Ag >Zn > Pb
Group or .

subgroup Z, Z. Z, Zn Cu Pb Ag Sn Mo Ni Cr Co \ B Ba Mn
| 16 202 175 3.1 6.62 6.09 4.06 269 204 205 148 112 124 117 088 0.78 0.89
(1) 3 577 357 45 12,65 7.40 5.00 116 4.05 222 211 1.88 112 113 098 0.8 0.93
1(PR) 9 232 204 33 7.26 9.19 4.17 272 206 202 153 113 143 123 086 087 0.86
I(PR-mr) 3 196 189 40 9.02 6.15 3.95 272 206 254 1.61 113 143 127 097 095 1.06
I(PR-mp) 3 232 153 40 7.26 433 3.69 292 212 202 153 164 168 115 086 079 0.75
I(PR-tp) 3 259 214 22 597 11.81 5.05 213 1.44 149 1.29 083 119 123 085 066 0.69
1(MT) 4 10.5 79 2.1 3.03 3.65 232 217 177 1.55 1.29 085 117 112 088 073 093
E 51 172 147 20 6.07 3.12 2.81 4.69 197 1.37 127 088 1.14 117 088 083 0385
E(R) 31 179 147 20 6.11 3.20 275 477 191 138 132 089 115 118 087 088 091
E(P) 20 153 136 18 5.36 297 2.86 435 202 1.32 116 080 1.14 114 090 080 0.82
E(P-h) 5 261 249 20 6.36 3.56 244 11.8 202 1.53 116 079 117 1.1 1.04 070 0.73
E(P-e) 10 117 148 1.7 445 344 291 385 172 127 117 087 110 117 089 080 0.82
E(P-b) 5 146 137 18 3.81 257 2.83 297 3.10 137 1.09 078 115 114 087 089 0.92
M 3 6.1 5.2 1.3 1.98 120 243 243 1.20 1.11 093 064 110 105 084 083 073
R 12 5.6 35 1.0 1.66 1.21 144 193 128 098 0.9 073 097 084 088 056 091

Notes. Medians of concentration coefficients of elements K

kmed

and Z, are given. K

kmed

> 1.3 are in bold. N — number of sites, Z.:_ additive contamination index, Z”,— non-ferrous index, i.e. generalised

additive contamination index according to K . of elements related to non-ferrous metals (Zn, Pb, Cu, Sn, Ag), Z, - ferrous index, i.e. generalised additive contamination index according to K, of

elements related to ferrous metals (Mo, Ni, Cr, Co, V).

Pastabos. Pateiktos elementy koncentracijos koeficienty ir Z, medianos. £,

med

adityvinis uzterStumo rodiklis pagal su spalvotaisiais metalais susijusiy elementy (Zn, Pb, Cu, Sn, Ag)

metalais susijusiy elementy (Mo, Ni, Cr, Co, V) K.

Land-use factor. The median values of the additive contami-
nation index Z, and non-ferrous and ferrous indices decrease
in the following sequence of land-use sites: I(infrastructural-
industrial) > E(residential or public-residential) > M(former
military) > R(recreational) (Table 1). The median Z, of I and E
sites belongs to the medium-dangerous category (16 < Z, < 32)
(HN 60-2004, 2004). All the four groups of land-use sites are
characterised by the non-ferrous index higher than the ferrous
index, indicating the overall prevalence of pollution by Zn, Cu,
Pb, Ag and Sn. These elements are obviously related to traffic.
Besides them, the accumulating association of infrastructural-
industrial sites includes also Mo and Ni, and that of the residen-
tial or public-residential sites contains Mo. Their sources might
be not only industrial technological processes, e. g. the former
plant of fuel equipment (Taraskevicius, Siaudiniené, 2001), but
also transport; e. g. Mo might be related to traffic (Zhang, 2006).

> 1,3 paryskintos. N — sklypy skaicius, Z, — bendras uzterStumo rodiklis, Z .~ spalvotasis rodiklis, t. y. generalizuotas

K

kmed"

Z,— juodasis rodiklis, t. y. generalizuotas adityvinis uzterstumo rodiklis pagal su juodaisiais

To conclude, the following seven elements may be called the
main contaminants of the study area: Zn, Cu, Pb, Ag, Sn, Mo,
Ni. They will be analysed in more detail. There is an obvious
decrease of their number in accumulating associations of the
above-mentioned sequence of land-use sites. A similar decrease
was observed for K, . of Zn, Pb, Mo and Ni. The distribution of
Cu and Sn in the land-use sequence is also very similar, because
the difference between their K, in military and recreational
groups is not significant. The low contamination level of former
military zones indicates that the new soil cover there does not
reflect the previous history of pollution. These zones are pres-
ently used for living and are not yet considerably contaminated.
Though Z, values of I and E sites do not differ significantly, for
most of the main contaminants (except Zn, Sn and Ag) the accu-
mulation level in infrastructural-industrial sites is significantly
higher than in E sites (for all the main contaminants, except Ag,
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it is also significantly higher than in military and recreational
sites). This is quite natural due to obvious pollution sources in
I sites. However, the behaviour of Ag is different: its highest ac-
cumulation level is observed in E sites. Besides, it is significantly
higher than in infrastructural-industrial and recreational sites.
A much more important role of Ag in accumulating associa-
tion of E sites is also obvious. Silver might be related to de-icing
salts and coal or firewood use for heating of the houses. Other
investigators suppose that Ag has domestic sources (Han et al.,
2006). The K, , of Sn in E sites is almost the same as in T sites,
and the difference between both groups in Zn is insignificant.
The high K, of Zn and Ag in E sites is in agreement with data
from Russia, which have shown that these two elements are the
first indicators of the beginning of urbanisation (Tonosus u zp.,
1997). 1t is quite natural that the values of Z, and K, of all the
main pollutants in E sites are significantly higher than in the rec-
reational group and in former military sites (except Pb and Ag).
Like in E sites, the high concentration coefficients K, of Pb and
Ag in the new residential districts on the former military zone
can be explained by traffic load and the use of de-icing salts.
Type of pollution in infrastructural-industrial sites (I).
The decrease of Z,  and K, of almost all the main contami-
nants (except Cu), also Cr, non-ferrous and ferrous indices was
observed in the following sequence of subgroups: I(I - indus-
trial) > I(PR - parking and repair of transport) > I[(MT - main
traffic roads). This regularity indicates that the present or the for-
mer industry is still the most dangerous in I group; the topsoil of
these sites belongs to the dangerous category (32 < Z, < 128). The
topsoil of parking and repair of transport belongs to the medium-
dangerous category (16 < Z, < 32). Despite the higher K, of Zn,
Ag and Sn in industrial sites in comparison with sites of parking
and repair of transport, the differences in all contamination indi-
ces between these two subgroups of sites are insignificant, most
probably due to a large variability of indices. The accumulating as-
sociations of both subgroups include eight elements (with either
Cr or Co added to the main pollutants). The contamination level
of sites near main traffic roads is significantly lower than of the
previous two subgroups of sites, and the accumulating association
includes six elements (five related to non-ferrous metals and Mo).
In comparison with this subgroup, in sites of parking and repair
of transport K, of Cu and in industrial sites K, of Cu, Mo and Ni
are significantly higher. So there is a higher input of elements re-
lated to ferrous metals in industry-related sites. In sites of parking
and repair of transport I(PR), there are no significant differences
between parking types (trolley-bus or motor transport), also be-
tween subgroups related to motor transport (repair or parking).
However, a significantly higher contamination by Mo and Ni was
found in motor transport repair sites compared to trolley-bus
parking sites, indicating a higher input of elements related to
ferrous metals in technological processes of repair. According to
the distribution in sites subgroups of parking and repair of trans-
port I(PR), the main contaminants can be subdivided: Cu and
Pb - mostly contaminating trolley-bus parking sites, Zn, Mo and
Ni - mostly contaminating motor transport repair sites, Ag and
Sn - mostly contaminating motor transport parking sites.
Centres of attraction in residential and public-residential
sites (E). Median Zd, median contamination of most of the
main pollutants, except Pb and Sn, and both generalised indices

are slightly higher in residential E(R) than in public-residential
E(P) sites. However, the U-test did not reveal any significant dif-
ferences between these sites, except Ni, the K, of which is signifi-
cantly higher in residential as compared with public-residential
sites. The accumulating associations of both groups of sites are
almost identical. Therefore, to reveal the influence of different
anthropogenic factors, the whole E group of sites can be analy-
sed as one population (see analysis below). In public-residential
sites E(P), there is a significantly higher contamination of pub-
lic health care sites E(P-h) by Ag compared to public education
E(P-e) and public business E(P-b) sites and a significantly higher
contamination of public business sites E(P-b) by Sn as compared
with E(P-e) sites. This is also reflected in accumulating associa-
tions of public health care and public business sites. The highest
K, are observed in different subgroups of E(P): for Ag, Zn, Cu,
Mo in public health care sites, Sn in public business sites, Pb and
Ni in public education sites. So, the arrangement of subgroups
according to Zd, non-ferrous and ferrous indices slightly differs,
public health care sites being most highly contaminated, prob-
ably due to local pollution sources in health care institutions.

Anthropogenic factors in residential and public-residen-
tial sites (E). The Kruskal-Wallis H test of the parallel influ-
ence of anthropogenic factors on topsoil contamination in the
E group of sites revealed significant differences for Z, K, of Ag,
Cu, Pb, Sn and Zn according to the factor of time-span of urbani-
sation and no significant differences according to the factor of
the density of built-up areas, indicating that the main variability
of contamination, especially by elements related to non-ferrous
metals, can be expected according to the first factor. This can be
clearly seen according to median Z, values calculated for catego-
ries of both anthropogenic factors (Fig. 2)

There is an obvious decrease of Z, K, of Ag,Zn,Cuand
an as the time-span of urbanisation decreases (Table 2). The
U-test revealed the greatest number of significant differences
for K, of Ag (except for sites of a long and medium time-span).
For Zn, Cu and Z,, there is a significantly higher accumulation
in long time-span sites compared to short and very short and
in medium time-span sites compared to very short, indicating
greater differences between more distant categories of this ge-
neral anthropogenic factor. The distribution patterns of Pb and

Median Zd
32

24 -

?Illlﬂﬂ

Long time-
span of
urbanisation
(>100 years)
Medium time-
span of
urbanisation
(35-100 years)
Short time-
span of
urbanisation
(25-35 years)
Very short
time-span of
urbanisation
(<25 years)
High density
of built-up
areas (>15%)
Low density of
built-up areas
(<15%)

Fig. 2. Median additive contamination indices in public-residential and residential
sites with different time-span of urbanisation and density of built-up areas

2pav. Skirtingos urbanizacijos trukmésir uzstatymo tankio visuomeniniy-gyvenamujy
ir gyvenamujy sklypy medianiniai suminiai uzterstumo rodikliai
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Table 2. Accumulating associations and contamination indices in subgroups of public-residential and residential sites distinguished according to parallel factors
2 lentelé. Kaupimosi asociacijos ir uzterstumo rodikliai pagal lygiagrecius veiksnius iSskirtuose visuomeniniy-gyvenamyjy ir gyvenamujy sklypy pogrupiuose

| Group or subgroup of residential and public-residential sites | Accumulating association

Long time-span of urbanisation (>100 years) — E(TI)

Zn > Ag > Pb > Cu > Sn > Mo

Medium time-span of urbanisation (35-100 years) - E(Tm)

Ag>Zn>Cu>Pb>Sn>Ni>

Short time-span of urbanisation (25-35 years) - E(Ts)

Zn>Ag>Cu>Pb> Sn> Mo

Very short time-span of urbanisation (<25 yars) — E(Tv)

Zn > Pb > Ag > Cu > Sn > Mo > Ni

High (>15%) density of built-up areas — E(Dh)

Zn > Ag > Pb > Cu > Sn > Mo

Low (<15%) density of built-up areas — E(DI)

Zn>Ag > Cu>Pb>Sn

N Z, Z. Z Ag Zn Cu Pb Sn Mo Ni Co \ Cr B Ba Mn
E(TI) 12 3098 2353 199 6.98 9.11 429 445 272 137 129 115 119 096 09 073 0.83
E(Tm) 14 1966 1611 184 6.88 6.20 3.22 210 173 124 135 117 109 088 103 0.77 085
E(Ts) 19 1547 1365 181 442 534 3.06 292 191 138 114 111 118 086 0.85 091 0.89
E(Tv) 6 1123 792 19 237 366 172 264 154 137 132 111 116 084 088 086 0.95
E(Dh) 27 1954 1711 196 4.67 7.63 3.12 341 228 137 128 113 118 089 088 084 0.89
ED) 24 1702 1379 181 473 560 3.04 267 177 128 124 116 114 088 0.89 080 0.82

Explanations of indices are given in Table 1.
Rodikliy paaiskinimai pateikti 1 lenteléje.

Sn are similar according to a significantly lower K, in medium
time-span sites compared with long ones. However, unlike Sn,
the accumulation of Pb in short time-span sites is significantly
higher as compared with those medium, most probably reflect-
ing a higher topsoil contamination by leaded gasoline due to the
high traffic intensity in relatively younger areas built in the 60s,
compared with slightly older ones. Besides, the areas of short
time-span are in formerly more industrialised districts and
could be affected by former military pollution, its main indicator
being Pb (Taraskevicius, Siaudiniené, 2001). The accumulation
of Sn in the very short time-span subgroup is significantly lower
compared to the short time one.

The U-test for E sites of a lower or higher built-up density
has not revealed significant differences in contamination indices,
though both generalised indices, Z,  and K, of almost all the
main contaminants, except Ag, are slightly higher in more built-up
sites. Increase of built-up density mostly enhances contamination
by Zn, Pb and Sn, resulting in changes of accumulating associa-
tions, though not yet significant due to a possible parallel influence
of other factors. A comparison of lower or higher built-up density
sites in groups of the same urbanisation level has not revealed sig-
nificant differences in contamination indices, either.

CONCLUSIONS

1. Zn, Ag, Cu, Pb, Sn, Mo and Ni are the main elements-con-
taminants of the urbanised territory of the Neris River valley
in Vilnius. According to the median concentration coefficients
K, all analysed chemical elements are arranged in the follow-
ing sequence: Zn(K, = 5.2) > Ag(4.0) > Cu(3.2) > Pb(2.8) >
>Sn(1.9) > Mo(1.4) > Ni(1.3) >V,Co(1.1).K, ,of B,Cr,Mnand
Ba are lower than the background of the soil region. In different
land-use sites, the generalised additive contamination index Z
calculated according to K, . of Ag, Cu, Pb, Sn, Zn is higher than
the generalised additive contamination index Z calculated ac-
cordingto K, . of Mo, Ni, Cr, Co, V.

2. The general anthropogenic factor of three main groups
of land-use - infrastructural-industrial, residential or public-

residential, recreational — has the greatest influence on urban
topsoil contamination, because the median additive contami-
nation Z, ., as well as Z, and Z decrease in the sequence of
these land-use sites. The low contamination level of the former
military zones which are now used for living indicates that the
new soil cover there does not reflect the previous history of
pollution.

3. In infrastructural-industrial land-use sites which are in-
fluenced by direct anthropogenic factors, i.e. various types of
pollution, the concentration coefficients K, , of most of the
main contaminants (Pb, Cu, Mo, Ni) are significantly higher
than in the residential and public residential groups in which
the diffuse and household pollution prevails, and therefore the
role of the indirect anthropogenic factors such as the density of
built-up areas, as well as of the general factor of the time-span of
urbanisation increases.

4. In the infrastructural-industrial group, the present or the
former industry is the main direct factor, followed by the park-
ing or repair of transport, and the latter is followed by main traf-
fic roads; both generalised additive contamination indices, Z,
and K, of all the main pollutants, except Cu, decrease in this
sequence. The highest K, . of Cu is characteristic of transport
parking or repair sites, in the latter group trolley-bus parking
places being mostly contaminated by Cu and Pb, motor trans-
port parking places by Ag and Sn, and motor transport repair
zones by Zn, Mo and Ni.

5. In residential and public-residential sites, the main vari-
ability is related to the time-span of urbanisation with signifi-
cant differences for Z, K, of Ag, Cu, Pb, Sn and Zn and an in-
creaseof Z ,Z, ,and K,  of Ag,Znand Cuas the time-span of
urbanisation grows. For the factor of density of built-up areas,
no significant differences were found, probably due to a simulta-
neous influence of other anthropogenic factors.

6. The differences between public-residential and residential
sites are mostly insignificant, indicating a similarity of popula-
tion exposure in both land-use types. In public-residential sites,
a higher contamination by Ag is characteristic of public health
care sites and by Sn of public business sites.
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ANTROPOGENINIU VEIKSNIU NULEMTI VILNIAUS
PAVIRSINIO DIRVOZEMIO UZTERSTUMO NERIES UPES
SLENYJE SKIRTUMAI

Santrauka

Analizuojami Vilniaus centre Neries upés slényje esanciy 82 sklypy,
sujungty j grupes ir pogrupius pagal jvairiy antropogeniniy veiksniy
jtaka, pavir$inio dirvoZemio uZter§tumo Zn, Pb, Cu, Sn, Ag, Mo ir Ni
skirtumai. Sie cheminiai elementai yra pagrindiniai tiriamos teritori-
jos ter$alai tarp 13 tirty cheminiy elementy. Visy jy bendri kiekiai yra
nustatyti optinés atominés emisijos spektrofotometrinés analizés me-
todu < 1 mm frakcijoje. Pagal gamtinius veiksnius teritorija vienalyte.
Bendras antropogeninis trijy pagrindiniy Zeménaudos grupiy - inf-
rastruktrinés-pramoninés, gyvenamosios ar visuomeninés-gyvena-
mosios, rekreacinés — veiksnys turi didZiausig jtaka miesto dirvozemiy
uzterStumui. Infrastruktariniams-pramoniniams sklypams, kuriuos
veikia tiesioginiai antropogeniniai veiksniai, lemiami jvairiy tarsos $al-
tiniy, yra badingi reik§mingai didesni pagrindiniy tersaly — Pb, Cu, Mo,
Ni - koncentracijos koeficientai negu gyvenamiesiems ar visuomeni-
niams-gyvenamiesiems, kur vyrauja jnasa i i§sklaidyty $altiniy ir pa-
didéja netiesioginio antropogeninio veiksnio — uzstatymo tankio - bei
bendrojo antropogeninio veiksnio — urbanizacijos trukmeés - santyki-
nis vaidmuo. Infrastruktiriniuose-pramoniniuose sklypuose pagrindi-
nis tiesioginis veiksnys yra pramoné, toliau eina transporto parkavimas
ir remontas, po jo — magistraliniy gatviy transporto jtaka. Gyvenamuyjy
ar visuomeniniy-gyvenamyjy sklypy pagrindiné uzter§tumo kaita
susijusi su urbanizacijos trukme, kuriai didéjant auga Ag, Zn ir Cu
kiekiai. Nors tankiau uZstatytuose (>15%) sklypuose uZzterStumo ro-
dikliai didesni, skirtumai néra statistiskai reik§mingi. Visuomeniniy-
gyvenamuyjy ir gyvenamuyjy sklypy dirvozemio uzterStumo skirtumai
dazniausiai nereik§mingi. Visuomeninés-gyvenamosios Zeménaudos
grupéje sveikatos apsaugos jstaigy sklypams budingas didesnis uzter-
$umas Ag, o prekybiniy objekty sklypams — Sn.

Puvappac Tapamxasudioc, Pumanre 3unkyTe,
Maprapura fnkayckaiite

PA3JIMYVISA 3ATPISHEHVIA TIOBEPXHOCTHOW
ITIOYBBI I. BWIIBHIOCA B DOJIMHE PEKM HAPUC I1IO[,
BO3IEVICTBUEM AHTPOIIOTEHHBIX ®PAKTOPOB

Peswme

AHamu3upyloTcsa pasmnuys 3arpA3HEHNS IOBEPXHOCTHON IOYBHI 21,
Pb, Cu, Sn, Ag, Mo u Ni Mexy rpynmamu 1 HOArpymmamu 82 y4acr-
KOB IIeHTPa/IbHBIX PaiioHOB BubHIOCA, HAXOAAUINXCA B JOMIHE PEKM
Hapuc, ¢ nenpio 00bACHUTD MX BO3JEICTBIEM PA3IMYHBIX aHTPOIIO-
TeHHBIX (PaKTOPOB. JTM MMKPOSNEMEHTBI ABJIAITCA ITIABHBIMM 3a-
TPA3HUTEILAMI Ha MCCTIELyeMOl TeppUTOPII, BBIABIEHHBIMIU cpefn 13
MMKpPO3/IEMEHTOB, Ba/lIOBblIe COflep>KaHA KOTOPDIX OIpefie/IeHbl OITH-
YeCKIM aTOMHBIM 3MUCCHOHHBIM CIEKTPO(pOTOMETPIIECKIM aHa/IN-
30M BO ¢pakium <1 MM. Tepputopus sBIA€TCS CPABHUTETILHO OfJHO-
POZHOIT B OTHOIIEHNY TPUPOAHBIX pakTopoB. OOIIIIT AHTPOIIOT€HHBLIT
(bakTOp Tpex ITaBHBIX IPYIII 3eM/IeII0Tb30BaHMA (MHPACTPYKTYPHO-
IPOMBIIIEHHOIT, CeUTeOHOI MM 00111eCTBEHHO-CeNUTeOHOI, peKpe-
AI[MIOHHOI) OKa3bIBaeT Hambonblllee BIVAHNE HA 3arps3HEHNe T0YB.
B rpynne uH}pacTpyKTypHO-TIIPOMBILIICHHBIX YYaCTKOB, HA KOTOpbIE
BO3JIEIICTBYIOT IPsMble aHTPOIOTeHHble (AKTOPHI — THUIBI UCTOY-
HUKOB 3arpsA3HeHNs, K03 UIMEHTb KOHIEHTpPAIy GOMbIINHCTBA
ocHOBHBIX 3arpssuuteneit (Pb, Cu, Mo, Ni) craTuctiyecku sHaunMoO
BbIIIE, YeM B TpYIIIe CeTUTEOHBIX WM OOIIeCTBEHHO-CeMUTEeOHBIX
YYaCTKOB, Tfie IIpeobajiaeT BK/IAJ, paCCesHHOTO 3aTrPs3HEHNs 1 CPaB-
HUTEIBHO BO3PAcTaeT POJIb TAKMX AaHTPOIOTEHHBIX (PAKTOPOB, KaK
IIOTHOCTD 3aCTPOVIKM (KOCBEHHBIIT) U JUIUTENBHOCTD YpOaHU3aImu
(06mpmit). B rpymme MHQPacTpPyKTYpPHO-IPOMBILIIEHHBIX YYaCTKOB
OCHOBHBIM NpPAMBIM (DaKTOPOM ABJIACTCSA MPOMBIIIIEHHOCTD, Jajiee
crlefiyeT IApKOBaHMeE ¥ PEMOHT TPAHCIIOPTA, 3aTeM — TPAHCIOPT Ha
MaruCTpanbHIX yIUIax. B rpyme cenuteGHbIX MM 061IeCTBEHHO-
cenmuTeOHBIX YYaCTKOB OCHOBHAs BapuabeNbHOCTh 3arpssHEHIs
CBsI3aHa C JINTEIbHOCTBI0 YPOAHU3ALUIL, IIPU YBEIMYEHNN KOTOPOT
Bo3pacraer cofiepxanne Ag, Zn u Cu. X0Ts /s y4acTKOB ¢ 607bIeit
ITIOTHOCTBIO 3acTpOitKy (>15%) XxapakTepHbl 60/Tee BBICOKIE TTOKa3a-
TeJIN 3arPASHEHMA, CTaTUCTNYEeCKI 3HAYMMBIX Pasnuymii 3arpA3HEeHNA
HOBEPXHOCTHBIX NIOYB Ha 3TYX Y4aCTKAX He BbLAB/IEHO, BULUMO, 13-3a
OJTHOBPEMEHHOTO BO3IEMICTBUS JPYTMX AHTPOIOIEHHBIX (HAKTOPOB.
Pasnnausi MeXLy 3arpsisHeHIEM II0BEPXHOCTHBIX I0YB 061IeCTBEHHO-
cenmuTeOHBIX M CeMUTEOHBIX YYAaCTKOB B OCHOBHOM HE3HAYMTE/bHBI,
H03TOMY JKUTENN 3TUX HECKONbKO PA3MTMYHBIX TUIIOB 3€MJIENONb30-
BaHNA NIOJIBEPTaloTCA CX0XKeMY OIIaCHOMY Bo3fielicTBI0. B mofrpymne
0011[eCTBEHHO-CeNNTEOHOTO 3eM/IETIONb30BAHNS [T Y4aCTKOB 3Ipa-
BOOXPAHUTE/BHDIX YIPEXK/IEHNIT XapaKTepHO Gojiee BBICOKOE HAKOII-
nenye Ag, a i KOMMepYeCKMX y4acTKOB — Sn.



