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The influence of vegetation type on metal content in soils

Vpliv vrste vegatacije na vsebnost teZkih kovin v tleh
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Abstract: Human influence on soil contamination with metals can only be

established when the real background values are known. Besides par-
ent rock type and climate, vegetation cover can be one of the factors
influencing soil properties. Fifty samples of soils developed on Upper
Triassic dolomite at an elevation of around 600 m and on slopes with
SW insulation were collected. At each of the five locations, four sam-
ples and one replicate were taken from forest-covered area and from
area covered by grass. The Co, Cr, Cu, Ni, Pb and Zn content was
analysed by emission spectroscopy. Very high Co, Cr and Ni values
are natural, typical for karstic soils in Slovenia. An analysis of vari-
ance showed a high analytical error for Pb and Zn, and high variability
at small distances (1 m, 10 m, and 100 m) for Co, Cr, Cu and Ni. This
is the reason why vegetation influence on the metal content was only
proven for Cu. On the contrary, a t-test indicates lower values of all
elements in the forest soils, except Pb, where there seems to be no
difference between soils covered by grass or forest. The reason for the
higher metal content in the meadow soils could be the application of
manures. Vegetation cover should be considered when designing the
sampling and interpreting the data.

Izvlecek: Vpliv ¢loveka na onesnazenost tal s kovinami lahko ugotovimo le,

¢e poznamo prave vrednosti ozadja. Poleg mati¢ne podlage in podne-
bja je eden od dejavnikov, ki vplivajo na lastnosti tal, lahko tudi vege-
tacijski pokrov. Na nadmorski visini 600 m smo na pobocjih vzorcili
50 vzorcev tal, razvitih na zgornjetriasnem dolomitu. Na vsakem od
petih podrocij smo odvzeli $tiri vzorce in eno ponovitev na delu, pora-
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$¢enem z gozdom, in delu, poraséenem s travis¢em. Vsebnost Co, Cr,
Cu, Ni, Pb in Zn je bila doloc¢ena z emisijsko spektroskopijo. Izredno
visoke vsebnosti Co, Cr in Ni so naravne in znacilne za kraska tla v
Sloveniji. Analiza variance je pokazala visoko analitsko napako Pb
in Zn ter veliko spremenljivost Co, Cr, Cu in Ni na majhni razdalji
(1 m, 10 m in 100 m). Zato je vpliv vegetacije na vsebnost tezkih
kovin z analizo variance potrjen le za Cu. Nasprotno, t-test kaze v
gozdnih tleh nizje vsebnosti vseh prvin, razen Pb, kjer je videti, da
ni razlik med tlemi, poras¢enimi z gozdom ali travis¢em. Razlog za
vi§je vsebnosti kovin v tleh bi lahko bilo gnojenje. Pri nacrtovanju
vzorcenja in interpretaciji rezultatov bi morali upoStevati vrsto ra-

stlinske poras¢enosti.
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INTRODUCTION

The distribution of most elements in
soils shows a pattern related to geol-
ogy. Geochemical surveys reveal pat-
terns of a geochemical signature on the
scale of the selected area, and indicate
the different factors influencing these
patterns, notably bedrock geology, cli-
mate and human influences (DE Vos
& TARVAINEN, 2006). With time, soil-
forming processes modify the basic
geochemical composition and redis-
tribute the content of metals within the
soil profile (Bmi et al., 2011). In their
study of the FOREGS database, IMRIE
et al. (2008) reported that the overall
distribution of geochemical elements
in European topsoils follows diverse
patterns that can be explained by vari-
ous processes occurring on different
spatial scales. They concluded that the

geochemical variation on short scales
chiefly depends on local variations of
lithology, land use, weathering pro-
cesses and organic matter content.

Vegetation is a well-known key fac-
tor governing soil-forming processes.
A diversity of vegetation can lead
to different stages of soil formation,
soil profiles and soil types (KUFMANN,
2003). In certain climatic conditions,
vegetation influences the status of
trace elements by affecting their re-
lease, migration, transformation and
transportation (ZHANG et al., 2002).
Some authors try to eliminate at least
some effects of pedogenic processes
by, for example, sampling just for-
est soils (DE Vos & TARVAINEN, 2006;
Bini et al., 2011), which is not always
possible. Others seek to establish how
different land use and/or vegetation
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cover may influence metal accumula-
tion in soils (Bar et al., 2010; Baize
& STERCKEMAN, 2001; ZHANG et al.,
2002; Xia et al., 2011). ZHao et al.
(2007) even proposed that vegetation
would best proxy the delineation of
the single attribute of urban soils and
can be used as a basis for soil region-
alisation in urban and peri-urban en-
vironments.

To establish anthropogenic soil pol-
lution it is necessary to know what
the real background values are. It is
therefore very important to evaluate
not only the geologic and climatic ef-
fect on soil geochemistry, but also the
biologic one. The presented study was
part of a project to geochemically map
Slovenia which was designed and con-
ceptually guided by Prof. Dr. Simon
Pirc. The aim of this paper is to present
possible differences in the content of
six metals (Co, Cr, Cu, Ni, Pb, and Zn)
in soils developed on the same parent
rock but covered by forest or grassland
in Slovenia.

MATERIALS AND METHODS

As the main purpose of the study was
to establish the influence of vegeta-
tion cover on metal contents in soils,
we tried to minimise all other possible
factors which could affect their con-
tent. Slovenia is prevailingly a carbon-
ate country so we decided to sample
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on Upper Triassic dolomite, which is
supposed to be spatially quite uniform.
The sampling locations were selected
from five different parts of Slovenia
(Postojna, Zaplana, Sti¢na, Dole pri
Litiji, Doli¢ pri Mislinji) representing
variations of climatic conditions in
terms of distance from the sea, but al-
ways at approximately the same eleva-
tion (600 m) and the same inclination
of the slope (SW).

At each sampling location, four soil
samples were taken from the grassland
and four from the forest. At Postojna,
the vegetation type was Carici humi-
lis — Centaureetum rupestris for grass-
land and Querco — Carpinetum for the
forest. At Zaplana, the meadows were
mainly cultivated (Brometalia erecti)
and the forest type was Ostryo — Fa-
getum. At StiCna, the grassland was
covered with Arrehno — thetrtum medi-
oeuropeum and the woods with Fage-
tum submontanum praedinaricum. The
same forest type prevails at Dole pri
Litiji, where the grassland is Bromo —
brachypodietum. Doli¢ was vegetated
with Arrehno — theretum medioeurope-
um on the meadows and with the only
type of coniferous forest — Genisto —
Pinetum. At all of the grassland loca-
tions contamination due to agriculture
was possible to some extent.

Four samples at each location were ar-
ranged in randomly positioned 100 m
long profiles, with samples taken at



232

ZUPANCIC, N.

Om, 1 m, 10 m and 100 m from the
starting point. Each sample from the
starting location was split into two
to provide replicate samples to serve
as a control over the accuracy of the
analyses. This sampling strategy ena-
bled a hierarchical nested analysis of
variance (ANOVA) design to be used
along with an estimation of the vari-
ability source and its significance.

A total of 50 soil samples weighing
1.5-2 kg were collected. All organic
soil horizons were removed, and soil
down to a depth of 15 cm was taken.
The soil samples were air dried. About
1 kg of every sample was ground, split
and sieved to produce a 20 g sample
with a grain size of less than 0.063
mm. The chemical composition of the
samples was determined at the Kemijs-
ki inStitut (National Institute of Chem-
istry, Ljubljana, Slovenia) by emission
spectroscopy.

To control the accuracy of the analysis
five standard materials (GXR-2, GXR-
5 (Allcot & Lakin, 1978), SO-1, SO-
2, SO-3 (Abbey, 1983)) were added.
The Co, Cr and Zn accuracy was es-
tablished good, Cu, Ni, and Pb satis-
factory. Precision was estimated from
ANOVA of repeated soil samples and a
calculation of the coefficients of varia-
tion (CV) for five replicate analyses of
each standard material. Generally, ana-
lytical error is below 10 % for Co, Cr,
Cu and Ni and close to 30 % for Pb and
Zn. The interpretation of the last two
elements requires some caution.

RESULTS

Analytical results with the ANOVA
scheme are presented in Table 1,
whereas descriptive statistics of all
samples and both vegetation groups
are shown in Table 2.

Table 1. Analysis of variance (ANOVA) design and metal content (mg kg™') for 50 soil
samples from Upper Triassic dolomite from Slovenia.

sample  vegetation location 100m 10m
sl forest Postojna 1 1
s2 forest Postojna 1 1
s3 forest Postojna 1 1
s4 forest Postojna 1 2
s5 forest Postojna 2 1
s6 forest Zaplana 1 1
s7 forest Zaplana 1 1
s8 forest Zaplana 1 1
s9 forest Zaplana 1 2

Im anaytics Co Cr Cu Ni Pb Zn
1 1 14 75 17 40 33 5l
1 2 16 67 13 32 65 30
2 I 12 117 117 7 40 49
1 I 14 102 16 59 11 22
1 I 37 135 32 102 22 65
1 I 20 98 17 59 30 52
1 2 23 100 22 76 49 60
2 1 34 165 27 117 39 64
1 I 26 132 22 103 35 34
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s10 forest Zaplana 2 1 1 1 43 170 34 133 36 84
sl forest Sti¢na 1 1 1 1 16 70 21 47 25 35
s12 forest Sti¢na 1 1 1 2 10 82 21 48 34 53
s13 forest Sti¢na 1 1 2 1 12 85 85 9 41 123
sl4 forest Sti¢na 1 2 1 1 16 87 18 43 65 74
s15 forest Sti¢na 2 1 1 1 24 62 18 39 35 70
s16 forest Dole 1 1 1 I 33 190 22 70 29 49
s17 forest Dole 1 1 1 2 25 170 25 75 39 43
s18 forest Dole 1 1 2 1 33 167 25 90 2 40
s19 forest Dole 1 2 1 1 29 190 36 93 48 90
s20 forest Dole 2 1 1 I 21 114 20 61 13 18
s21 forest Doli¢ 1 1 1 1 10 42 17 22 45 53
s22 forest Doli¢ 1 1 1 2 9 42 18 20 52 12
s23 forest Doli¢ 1 1 2 1 3 25 33 13 14 66
s24 forest Doli¢ 1 2 1 1 15 50 10 26 37 47
s25 forest Doli¢ 2 1 1 1 10 53 12 30 255 275
s26 meadow Postojna 1 1 1 I 25 175 27 80 34 93
s27 meadow Postojna 1 1 1 2 29 171 28 76 26 49
s28 meadow Postojna 1 1 2 I 32 200 26 89 40 54
s29 meadow Postojna 1 2 1 1 12 90 19 59 32 34
s30 meadow Postojna 2 1 1 1 16 205 32 84 165 270
s31 meadow Zaplana 1 1 1 1 28 140 33 99 16 33
s32 meadow Zaplana 1 1 1 2 35 185 32 112 42 86
s33 meadow Zaplana 1 1 2 1 28 140 24 102 13 31
s34 meadow Zaplana 1 2 1 1 27 175 30 85 33 100
s35 meadow Zaplana 2 1 1 1 48 230 31 119 20 21
s36 meadow Sti¢na 1 1 1 I 51 160 28 61 37 61
s37 meadow Sti¢na 1 1 1 2 46 175 24 60 37 49
s38 meadow Sti¢na 1 1 2 1 65 250 31 8 58 65
s39 meadow Sti¢na 1 2 1 1 60 175 38 70 62 100
s40 meadow Sti¢na 2 1 1 1 41 125 35 65 80 710
s41 meadow Dole 1 1 1 1 43 193 32 74 34 66
s42 meadow Dole 1 1 1 2 41 142 34 72 29 119
s43 meadow Dole 1 1 2 I 52 202 50 79 58 89
s44 meadow Dole 1 2 1 1 41 140 43 95 16 42
s45 meadow Dole 2 1 1 1 32 130 29 74 18 63
s46 meadow Doli¢ 1 1 1 1 18 75 28 34 35 58
s47 meadow Doli¢ 1 1 1 2 19 95 27 37 24 66
s48 meadow Doli¢ 1 1 2 I 19 89 29 41 28 155
s49 meadow Doli¢ 1 2 1 1 25 83 27 42 21 56
s50 meadow Doli¢ 2 1 1 1 10 57 17 26 20 50
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Table 2. Descriptive statistics of metals (mg kg™) for all 50 soil samples, and for the for-
est and meadow subgroups. Corrected Mean — Mean of data where outliers were replaced
by the average of the element, SD — Standard Deviation, CV — Coefficient of Variation,
Skew. — Skewness, Kurt. — Kurtosis, S-W — normality according to Shapiro-Wilk’s test.

All Mean Corrected Median Min
Mean
Co 26.96 26.96 25 3
Cr 127.84 127.84 131 25
Cu 29.04 26.12 27 10
Ni 64.68 64.68 68
Pb 41.44 34.70 35 2
Zn 81.58 60.54 57 12
Forest
Co 20.20 20.20 16 3
Cr 103.60 103.60 98 25
Cu 27.92 22.08 21 10
Ni 56.56 56.56 48 7
Pb 43.76 35.32 36 2
Zn 62.36 51.40 52 12
Meadow
Co 33.72 33.72 32 10
Cr 152.08 152.08 160 57
Cu 30.16 30.16 29 17
Ni 72.80 72.80 74 26
Pb 39.12 34.08 33 13
Zn 100.80 69.68 63 21

The metal abundance sequence var-
ies somewhat regarding all the data
or separate groups and also if we take
mean or median values as a measure
of it. Most commonly, it is Cr > Zn
or Ni > Pb > Cu or Co. The highest
values of Co, Cr and Zn are found in
the Sti¢na grasslands, Ni in the Zapla-
na forest and Pb in the Doli¢ forest.
The lowest values of all elements are

Max SD CV  Skew. Kurt. S-W
65 14.293 53.0 0.68 -0.05 yes
250  55.233 432 0.09 -0.93 yes
117  17.137 59.0 353 1563 no
133 30.873 47.7 0.04 -0.69 yes
255 39.160 94.5 4.06 19.60 no
710 103.739 127.2 496 2843 no
43 10.210 50.55 0.55 -0.47 yes
190 49.569 47.85 036 -1.01 yes
117 23.463 84.04 305 964 no
133 35.008 61.90 0.51 -0.58 yes
255  46.574 106.43 4.15 1931 no
275 50.398 80.82 335 1380 no
65 14752 4375 036 -0.56 yes
250 50.470 33.19 -0.14 -0.65 yes
50 6.817 22.60 090 243 yes
119 24145 33.17 -0.17 -039 yes
165 30.831 78.81 3.10 11.76 no
710 136.610 135.53 4.06 1790 no

always found in forests — Co, Cr, Cu
and Zn in Doli¢, Ni in Postojna and
Pb in Dole. The variation sequence
according to CV also differs for all
data, forest and grassland, but the val-
ues are very high in all cases. For all
data, it is Zn > Pb > Cu > Co > Cr >
Ni, for forest Pb > Cu > Zn > Ni > Co
> Cr and for grassland Zn > Pb > Co
> Cr > Ni> Cu.
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Most statistical analyses demand a
normal distribution of the data. The
normality of the distribution was test-
ed visually from histogram and normal
probability plots, with comparisons of
the mean, geometric mean and median,
testing of skewness and kurtosis and
with Shapiro-Wilk’s test, as proposed
by Mabpansky (1988). The distribu-
tion is not normal for Co, Cr and Ni
and extremely positively skewed for
Cu, Pb and Zn. For all three elements,
the deviation from normality is mainly
caused by five outliers (s3, s13, s25,
$30 and s40), with three of them being
in forests (Postojna, Sti¢na, Doli¢) and
two in meadows (Postojna and Sti¢na).
Except in outlier s3 where only the Cu,
and s40 where only the Zn content is
very high, in the rest of them two ele-
ments exhibit extreme values — in s13
Cu and Zn, in s25 and s30 Pb and Zn.
Omitting outliers from the datasets im-
proves the distribution to normal. Co-
efficients of variation remain around
30 due to the very low values recorded
for every analysed element. As it was
uncertain if the extreme values are real
or perhaps just the consequence of an
error, we transformed all the data to
a more symmetric distribution with a
Box-Cox transformation (Box & Cox,
1964). This transformation improved
the normality of the distribution of all
variables except Pb, which remained a
little skewed. If we replace the outli-
ers of critical elements with mean val-
ues for the appropriate vegetation type
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(forest Cu 28, Pb 44, Zn 62, and mead-
ow Pb 39, Zn 101), the distributions
become normal for all elements except
Zn. All of the statistical analyses were
performed with parametric statistics
for the Box-Cox transformed data and
the data with outliers changed by mean
values — so-called corrected data. The
results with the original data are pre-
sented in the box-whisker diagrams.

The correlations were computed on
raw data (Table 3), mean-replaced out-
liers data, and Box-Cox transformed
data with a nonparametric Spearman
correlation coefficient as proposed by
Swan & SanpiLanps (1995). All three
matrices are similar, showing a really
good correlation among Co — Cr — Ni
and a less persuasive one of Cu with
this group of elements, and Zn and be-
tween Pb, and Zn.

Table 3. Nonparametric Spearman correla-
tion coefficients of raw data (n = 50). The 95
% statistically significant values are in bold.

Co
Cr 0.79 Cr
Cu 0.54 0.54 Cu
Ni 0.73 0.78  0.39 Ni
Pb 0.01 0.08 005 -0.12 Pb
Zn 0.18 0.18 046 0.01 0.45

The comparison of the metal content
in soils covered with different types
of vegetation was first assessed with a
t-test. The Box-Cox transformed data
results (Table 4) indicate statistically
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significant differences in Co, Cr, Cu
and Ni content between the forest and
grassland soils. Data with the replaced
outliers (Table 4) give the same result
for Co, Cr and Cu as the Box-Cox trans-
formed data, but show no differences in
Ni and in addition differences in Zn.

Raw data (Table 2, Figure 1) generally
show a lower mean content of all ele-
ments, except Pb in the forest soils and
the high variability of Cu and Pb in the
forest and Zn in the meadow soils. En-
richment in meadow soils is most pro-
nounced for Co (1.7-times), followed
by Zn (1.6-times), Cr (1.5-times), Ni
(1.3-times ) and Cu (1.1-times ). If we
disregard the outliers, the sequence is
Co (1. 7-times ), Cr (1.5-times ), Cu
(1.4-times ) = Zn (1.4-times ) and Ni
(1.3-times ). In both cases, the Pb values
are just a little higher in the forest soils.

Table 4. t-test and F-test results of Box-
Cox transformed (first row) and corrected
(second row) data. Statistically significant
results are in bold.

t p F p

Co -3.76 0.00 1.14 0.76
-3.77 0.00 2.09 0.08

Cr -3.44 0.00 1.16 0.72
-3.43 0.00 1.04 0.93

Cu -2.55 0.01 5.53 0.00
—4.14 0.00 1.05 0.91

Ni -2.03 0.05 2.26 0.05
-1.91 0.06 2.10 0.07

Pb 0.04 0.97 1.90 0.12
0.28 0.78 1.12 0.78

Zn -1.73 0.09 1.08 0.85
—2.47 0.02 2.64 0.02

The high variability of the data and/
or the existence of outliers seem to
hinder the interpretation so a hierar-
chical nested analysis of variance was
performed taking the influence of not
only vegetation into consideration,
but also the geographical position of
the sampling location, the place of the
sample in each sampling profile and
analytical replications. A method using
the expected MS and a Type I1I calcu-
lation of SS was applied. The results
for the Box-Cox transformed data and
corrected data are presented in Table 5
and Figure 2. It is obvious that the veg-
etation type is never the main source
of variation for any element. The influ-
ence of vegetation is highest for cor-
rected values of Cu (28 %), where it
is also statistically significant. For Co
and Cr, the proportion for the vegeta-
tion level is around 15 %, but not sig-
nificant, for corrected Zn around 10 %,
and practically 0 for Ni, Pb and non-
corrected Zn. The statistical signifi-
cance of the corrected Zn is unreliable
due to high analytical error. The same
is true for the corrected Pb and non-
corrected Zn results so any further sta-
tistical inference regarding these two
elements is limited. A quite obvious
feature of the data is the statistically
significant variability at a small scale,
i.e. comparison of 0 m and 1 m, for Co,
Cr, Cu, Ni and it seems that it could
also hold true for Pb and Zn. It is sig-
nificant and within a range of between
10 % for Co to 75 % (50 % for cor-
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and for Cr and Ni it is location. For all
of them, variance at the location level
comprises 20—-60 %.

rected data) for Cu. For Co, the next
statistically significant source of vari-
ance is variability on a 100 m scale,
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Figure 1. Box-whisker graphs of metals (mg kg™') in the forest and mead-
ow soils. Entral dot — Mean, box — Mean + Standard error, whisker — Non-
Outlier Range, external dots — outliers.

Table 5. Hierarchical nested ANOVA results for Box-Cox (first row) and replaced outli-
ers (second row) data. Statistically significant differences at 95 % probability are shown

in bold.

Vegetation Location 100 m 10 m Im Analytics

Co 13.8 414 24.4 5.6 9.8 5.0
15.2 37.9 32.2 0.0 10.2 4.5

Cr 15.6 47.6 14.0 0.4 15.1 7.3
16.3 42.5 16.0 0.0 16.8 8.4

Cu 8.6 12.2 0.0 0.0 75.1 3.7
28.0 5.0 14.9 0.0 47.9 4.2

Ni 0.0 57.1 154 0.0 25.3 2.3
0.0 57.2 17.7 0.0 22.7 2.4

Pb 0.0 8.5 29.4 0.0 47.9 14.2
0.0 332 0.0 10.2 25.5 31.1

Zn 1.5 0.0 56.0 34 0.0 39.2
9.7 0.0 0.0 19.4 18.9 52.0
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Figure 2. Estimated relative Variance (%) the contributions of vegetation,
location, 100 m, 10 m, 1 m and analytical error factors for metals in soils.

DiscussioN

Before making any conclusions about
the role of vegetation cover in metal
content in soils, it is important to es-
tablish that we are dealing with natural
values and that the soils are not pol-
luted due to human activity.

The observed Co, Cr and Ni values
are quite high. Their mean values for
both vegetation types and even median
values for the meadows are above the
Slovenian legal limit (Uradni list RS,
1996) and in the case of Cr and Ni even

above the action value (Table 6). They
are also above the Slovenian (PrRc &
SAIN, 1997) and European median val-
ues (DE Vos & TArvaINen, 2006). For
Cu, Pb and Zn the mean and median
values are within the normal range for
Slovenia and Europe (Table 6).

Only 19 individual Co values are be-
low 20 mg kg!, with the majority of
them being sampled in forest at the
Doli¢ location. Four values higher
than 50 mg kg™' were all sampled in
Sti¢na (three) and Dole (one) grass-
lands. The high Co values in soil are
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very often geogene, related to mafic
or ultramafic rocks, but they could
also be the result of adsorption and
coprecipitation processes with Fe
and/or Mn from lithologies rich in
these metals. Co may also bind to
humic and fulvic acids and inorganic
colloids (Qian et al., 1998). The karst
soils of Slovenia exhibit a high Co
content > 14.4 mg kg™' that is prob-
ably related to the bauxite and Fe-
Mn rich rocks (DE Vos & TARVAINEN,
2006).

Nearly the same 19 samples have Cr
values above the limit value of 100
mg kg™ and 19 samples, again mainly
sampled in the meadows, have values
above the action value of 150 mg kg™'.
In soils, Cr behaviour is governed by
pH, Eh and organic matter. Its adsorp-
tion by clays is also highly dependent
on pH. The dominant effect of organic
matter is the stimulation of the reduc-
tion of Cr®" to Cr*, the rate of which
increases with soil acidity (KABATA-
PenpIAs & PenDIAs, 2001). DE Vos &
TARVAINEN (2006) reported that high Cr
values in Slovenia are found over car-
bonate rocks so the observed contents
seem to be natural.

Also for Ni, only 17 values below the
limit (50 mg kg™') are observed main-
ly in the forest soils and at the Doli¢
location. Twenty-five values mainly
from the Zaplana and Dole forests and
grasslands are even above the action

RMZ-M&G 2012, 59

value (70 mg kg™'). Organic matter can
contain Ni concentrations in excess
of 50 mg kg!, but high values of Ni
(>37.4 mg kg') are found in Slovenia
in residual soils over carbonate rocks
(DE Vos & TARVAINEN, 2006).

Several authors (DE Vos & TARVAINEN,
2006; ZHANG et al., 2002) have estab-
lished a strong correlation between Co,
Ni, Cr and Cu, which is also the case
in our study. Spearman’s correlation
coefficients above 0.7 support a simi-
lar geochemical behaviour and origin
of Co, Cr and Ni. The observed high
values seem to be natural and not influ-
enced by human activity.

Cu content is above the limit value of
60 mg kg 'only in one forest sample
from Sti¢na and one from Postojna.
In both sampling areas no obvious
pollution source was documented
and the nearby samples also do not
exhibit any Cu increase. The reason
for the elevated Cu could be analyti-
cal error or natural local concentra-
tion due to one or a combination of
reasons. In unmineralised sediments,
Cu concentrations are principally
determined by mafic detritus, sec-
ondary Fe and Mn oxides (FORBEs et
al., 1976), clay minerals (HEYDEMAN,
1959) and organic matter (STEVENSON
& ARDAKANI, 1972). Further, the af-
finity of Cu for natural organic matter
has been widely documented (RasHID,
1974; RipPEY, 1982).
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Table 6. A comparison of the forest and meadow soils’ metal content (mg kg™') with
other work. All values are rounded off to the nearest integer value: a — Uradni list RS,
68/96 (1996), b— Pirc & SaN (1997), ¢ — DE Vos & TARVAINEN (2006)

Co

This study Me forest 16

Me meadow 32

This study Mean forest 20

Mean meadow 34

Slovene Law®*  Limit Value 20

Slovene Law®  Action value 50

Slovene Law®  Critical Value 240
Slovenia® Me

Europe® Me 8

The quality of the Pb and Zn analytics
is not sufficient to allow any serious
interpretation. In spite of this, some
comments are presented. Just two Pb
values, one from a Postojna meadow
and the other from a Doli¢ forest, are
above the Slovenian legal action val-
ue. In both cases, this could be just an
analytical error or a natural reason. Pb
in soils is mainly associated with clay
minerals, Mn oxides, Fe and Al hy-
droxides and organic matter. In some
soil types, Pb may be highly concen-
trated in Ca carbonate particles (Ka-
BATA-PENDIAS & PENDIAS, 2001).

In the same two samples the Zn limit
value is also exceeded. In one sample
from the Sti¢na meadows the Zn con-
tent is very close to the critical value.
Zn content in soil depends on the na-
ture of the parent rocks, texture, organ-
ic matter and pH, and ranges from 10
mg kg!' to 300 mg kg! (MIHALJEVIC,

Cr Cu Ni Pb Zn
98 21 48 36 52
160 29 74 33 63
104 28 57 44 62
152 30 73 39 101
100 60 50 85 200
150 100 70 100 300
380 300 210 530 720
42 23 31 34 77
60 13 18 23 52

1999). Since Zn is easily adsorbed by
mineral and organic components in
most soil types, it normally accumu-
lates in the surface horizons (KABATA-
Penpias & Penpias, 2001). High Zn
values (>76 mg kg') occur in karstic
Slovenia (DE Vos & TARVAINEN, 2006).
The three observed values are above
this, but could still be just a coinci-
dence and do not prove pollution. No
possible contamination was estab-
lished at the mentioned locations and
the samples from very near positions
have a normal Zn content.

In subsoil and topsoil Pb is strongly
correlated with Zn (Baize & STERCKE-
MAN, 2001), which is also true for our
data.

A simple comparison of the forest and
meadow metal contents in the soils in-
dicates lower values of Co, Cr, Cu, Ni
and Zn in forest soils and the nearly
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equal content of Pb in both types. For
the first four elements, the difference is
statistically significant at a 95 % prob-
ability level. An analysis of variance
was unable to confirm the result, except
for Cu, due to the very high variability
at lower levels, especially the location,
100 m and 1 m. Our results are in line
with Bar et al. (2010) who established
a relatively large difference in the ef-
fect of the accumulation of Cr, Ni, Cu,
and Zn in soils under different land use
patterns (i.e. greenhouse, vegetable
field, maize field and forest field), ex-
cept Pb, with less accumulation in the
forest soils. The agricultural chemical
compound and application of manures,
especially the quantity and quality of
the applied fertilisers, is a main factor
leading to the different accumulation
of metals in soils (Bar et al., 2010),
which could at least also hold true for
the meadows.

On the contrary, in their study ZHANG
et al. (2002) claimed that the total con-
centrations of trace elements followed
the pattern: farmland = shrub > for-
ests > meadow > prairie > marsh and
others. Also some other authors have
found higher values of some elements
in forest compared with grassland or
agricultural soils, for example Baize &
STErckEMAN (2001) for Zn and Cd and
Rusian et al. (2006) for Cd and Co. In
the latter case, the differences were not
statistically significant. BAIZE & STER-
CKEMAN (2001) explain the difference
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as a consequence of unequal inherit-
ance between the thinner very clayey
soils below the wood, and the thicker
less clayey soils of the cultivated part.
It seems that to make a detailed inter-
pretation of metals in soils a precise
determination of the pedological and
mineralogical characteristics should
also be considered, i.e. the type and
content of clay minerals, organic mat-
ter and soil pH.

CONCLUSIONS

The influence of vegetation cover, i.e.
forest and meadow, on the Co, Cr, Cu,
Ni, Pb and Zn content in soils was test-
ed at five locations where four samples
were taken at different distances from
the starting point. According to the
added standard materials and replicate
samples, the analytics proved satisfac-
tory for Co, Cr, Cu, and Ni, but was
less good for Pb and Zn.

The metal abundance sequence is in
most cases Cr > Zn or Ni > Pb > Cu
or Co. The data variation is quite high
with extremely low and high values.
When considering the whole dataset it
is Zn>Pb > Cu > Co > Cr > Ni.

Due to the outliers, the distribution of
no elements for all samples is normal.
Normality was achieved by a Box-Cox
transformation and by replacing ex-
tremely high values with mean values
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for selected elements in appropriate
soils, i.e. grass or forest covered.

Although Co, Cr and Ni exhibit very
high absolute values, which even ex-
ceed the limits permitted by Slovenian
law in the majority of samples, one can
be relatively confident that they are not
caused by pollution. They are prob-
ably related to bauxite and Fe-Mn rich
carbonates, which are typical for some
karstic soils developed on carbonates.
They are also highly correlated, which
could support their common origin.

The Cu, Pb and Zn values are higher
than expected just in a few cases.
We could not establish any pollution
source so we interpret these values as
accidental. It is unsure if the observed
values are some kind of analytical er-
ror or just natural variability in clay
and/or organic matter content in soils.

The analysis of variance helped reveal
very variable geochemical conditions
on a small scale, i.e. the statistically
different element content of samples
from the same location and under the
same vegetation cover in the profiles
where samples were just 1 m, 10 m or
100 m apart. Moreover the variance
component due to different sampling
locations (Postojna, Zaplana, Sti¢na,
Dole and Doli¢) is quite high (approxi-
mately 30 % to 60 %) for Co, Cr, Ni
and Pb, but statistically significant
only for Cr and Ni, as for the other

three elements the high variability at
lower levels (Co on 100 m, Cuon 1 m,
Pb on 1 m or analytics and Zn on 100
m and analytics) prevented any statisti-
cally significant confirmation of higher
factors.

The high variability at lower levels
is also a reason why the analysis of
variance did not prove the influence
of vegetation cover on metal content
in soil, except for Cu in the case of
corrected data. The share of variance
in the case of the corrected Cu data is
nearly 30 %, but half of that for Co and
Cr, practically zero for Ni and Pb, and
around 10 % for the corrected Zn. In
spite of this, a t-test managed to show
statistically significantly higher wval-
ues of all elements, except Pb, in the
soils covered by grassland. The rea-
son for the higher metal content in the
meadow soils could be the application
of manures. In our study, the meadow
soils are 1.7-times enriched with Co,
1.6-times with Zn, 1.5-times with
Cr, 1.3-times with Ni, and 1.1-times
with Cu regarding the forest soil. If we
disregard the outliers, the sequence is
Co (1.7-times ), Cr (1.5-times ), Cu
(1.4-times ) = Zn (1.4-times ) and Ni
(1.3-times ). In both cases, the Pb val-
ues are just a little higher in the for-
est soils. In the case of Pb and Zn, the
results are merely indicative due to
the low analytical quality. We can still
conclude that, where possible, vegeta-
tion cover should be considered when
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designing the sampling and interpret-
ing the data.
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