1duosnuey Joyiny Vd-HIN 1duosnuey Joyiny vd-HIN

1duosnuely Joyiny d-HIN

®HE

N
N

N

NIH Public Access

Author Manuscript

Published in final edited form as:
Environ Sci Pollut Res Int. 2013 July ; 20(7): 5067-5075. doi:10.1007/s11356-013-1473-8.

METAL FRACTIONATION IN SOILS AND ASSESSMENT OF
ENVIROMENTAL CONTAMINATION IN THE VALLECAMONICA,
ITALY

L. Borgese!', S. Federici', A. Zacco', A. Gianoncelli!, L. Rizzo', D. R. Smith2, F. Donna, R.
Lucchini®, L. E. Depero', and E. Bontempi'-’

'INSTM and Chemistry for Technologies Laboratory, University of Brescia, via Branze, 38, 25123
Brescia, ltaly

2Microbiology and Environmental Toxicology, University of California, Santa Cruz, CA 95064 USA

3Institute of Occupational Health, University of Brescia, P.le Spedali Civili, 1, 25123 Brescia, ltaly

Abstract

Metal contamination was investigated in soils of the Vallecamonica, an area in the northern part of
the Brescia province (Italy) where ferroalloy industries were active for a century until 2001. The
extent in which emissions from ferroalloy plants affected metal concentration in soils is not known
in this area. In this study the geogenic and/or anthropogenic origin of metals in soils were
estimated. A modified Community Bureau of Reference sequential chemical extraction method
followed by inductive coupled plasma optical emission spectroscopy analyses were employed to
evaluate the potential bioavailability of Al, Cd, Mn, Fe, Cr, Zn, and Pb in soils. Principal
components analysis was used to assess the relationships among metal sources in soil samples
from different locations. This approach allowed to distinguish different loadings and mobilities of
metals in soils collected in different areas. Results showed high concentrations and readily
extractability of Mn in the Vallecamonica soils, which may suggest potential bioavailability for
organisms and may create an environmental risk and potential health risk of human exposure.
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Introduction

Manganese (Mn), an essential element for humans, is also known to be a potent
neurotoxicant at elevated exposures (Lucchini et al. 2007). Manganese contained in dust and
soils can be absorbed into the human body through different routes including ingestion and
inhalation: in dusty environments, it has been estimated that adults could ingest up to 100
mg of dust per day (ATSDR 2005). Children are more susceptible than adults to metal
exposure because of the hand-to-mouth activities and greater gastrointestinal absorptive
rates for ingested metals (Centers for Disease Control, 2005).

Studies on children suggest adverse effects of elevated Mn exposure on their
neurobehavioral functioning (Gail et al. 2011).
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In a recent study by Lucchini et al. (2012) elevated environmental Mn was associated with
sub-clinical deficits in olfactory and motor function among adolescents in the
Vallecamonica, a valley in the pre-Alps in the Northern part of Brescia province where
ferroalloy production ceased in 2001 after about a century. This study showed an association
between Mn exposure reflected by Mn levels in surface soil, hair and blood and impairment
of motor coordination (hand dexterity), tremor intensity and odor identification. The results
showed that these effects were associated with past or cumulative environmental exposures
to Mn, but not current exposure.

Ecological, environmental and health effects of metal exposure from soil depend on the
mobility and availability of the elements (Violante et al. 2010). Total metal levels in soil
reflect the soil’s geological origin and weathering, and in some cases anthropogenic inputs
of metals from industrial processes (Kersten and Forstner 1989). In addition to the total
concentration of metals in soil it may also be important to assess the speciation, i.e. chemical
forms, of the metals that may influence their environmental mobility and availability to
organisms. To address this, selective chemical extraction methods can be used to estimate
the relative mobility of metals in soils including the extent that metals may be bound to
particular soil phases (Rao et al. 2008). For example, several different reagents can be used
to estimate metal mobility, including the use of reagents to release metals on exchange sites,
or metals bound or associated with soil organic matter (Keller and Hammer 2004; Rauret et
al. 2001). It has also been shown that a single chemical extraction procedure does not
provide an accurate estimate of the amounts of metals released from soil (Madrid et al.
2007). Rather, it is now recognized that more detailed and potentially valuable information
may be gained by using sequential chemical extraction methods that combine a series of
reagents in a sequential extraction procedure, in which the residue from one extraction is
used as the material for the next extraction through a pre-determined number of stages.

During the last decade, a ‘BCR’ three-step protocol, proposed by the Standards,
Measurements and Testing Programme of the European Commission has been extensively
used, either in its original form (Ure et al. 1993) or with modifications (Rauret et al. 1999).

Here, our main objectives were: (a) To determine the chemically labile levels of various
metals (Cd, Cr, Al, Fe, Zn, Pb, and Mn) in the soil of Vallecamonica compared to the
reference area of Garda Lake, using the revised BCR sequential extraction protocol, and (b)
to assess the contribution of geogenic and anthropogenic sources of these metals in soil,
especially of Mn. The previous studies on metals in environmental media conducted in
Vallecamonica by our group have focused on the total levels of metals, and the information
on their prevailing chemical forms is scarcely available (Lucchini et al. 2012).

The previous environmental measurements were also mainly focused on airborne particulate
matter (Bontempi et al. 2009; Borgese et al. 2011; Borgese et al. 2012). The information
obtained with the analysis of soil after sequential chemical extraction may be useful to better
understand the origin of metal contamination in soil of the Vallecamonica and potential risk
for human metal exposure.

Experimental design

Study site, sample collection, and preparation

The province of Brescia is located within the Lombardia Region in Northern Italy and
covers an area of 4748 km?2. The Vallecamonica is an area in the Northern part of the
Brescia province where three previously operating Mn-ferroalloy plants were located. The
three plants sites are located in different municipalities about 12 km from each other. A
more detailed description of the study site is reported in previous publications (Lucchini et
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al., 2007; Zacco et al., 2009). A total number of 85 soil samples were collected for this
work, 69 of them were collected in the Vallecamonica and 16 samples in the Garda Lake
reference area. Results of a previously reported study (Borgese et al. 2011) showed that the
content of Mn in the Vallecamonica air particulates, are on average two to three times higher
than those in the reference area of Garda Lake. However, those studies reported a limited
number of sampling sites, which showed some degree of variation in metal levels,
suggesting the need for a larger amount of sampling particularly around sites of presumed
metal contamination. For this reason the number of Vallecamonica samples is three times
larger than the Garda Lake samples.

The samples in the Vallecamonica area were collected at different linear distances between
0.44 and 24.4 Km from the ferroalloy sites, whereas the soil samples from the Garda Lake
reference area, which is totally outside the Vallecamonica area, were collected at a linear
distance of more than 17 km from the nearest ferroalloy plant.

Surface soil samples were collected within the top 10 cm of the soil surface. All samples
were dried (65 °C), ground in a centrifugal ball mill to homogenize, sieved to <150 pm,
stored in polyethylene containers unit analysis.

Extraction procedure

A modification of the three step BCR sequential extraction method described by Tokalioglu
et al. (2010) was applied to 1 g of soil in duplicate. The main modification with respect to
Tokalioglu et al. (2010) was that the final extraction step used 7.5 N HNO3, rather than aqua
regia. This is an important difference if one cares about the chemically immobile silicate-
bound fractions which may not be extracted with 7.5 N HNOs3, but it is unimportant for
exposure risk assessment, since silicate-bound metals are biologically unavailable. We used
7.5N HNO3, rather than aqua regia largely because our primary interests in soil metal levels
was in the fraction of metals that might be chemically mobile in the environment. Clearly,
differences in soil metal extractions via 7.5N HNO3 versus aqua regia are not important in
this regard, since both extraction methods, when preceded by weaker extraction steps as
performed here, would mobilize metals that would not be expected to be mobilized under
environmental conditions.

The four steps of the adopted sequential extraction procedure identify four fractions (f1, f2,

3 and f4) reflecting different degrees of elemental solubility, with f1 containing the readily

extractable metals. The sum of elemental concentration of each fraction represents the “near
total concentration” of one element in the sample.

Validation of the analytical method

Limits of detection (LOD) of inductively coupled plasma optical emission spectroscopy
(ICP-OES) measurements for the elements of interest were calculated as three times the
standard deviation (SD) for blank measurements. One half the detection limit was used to
estimate the concentration of metals in samples reported as not detected.

Quality assurance (QA) and quality control (QC), were performed according to US EPA
Method 200.7. A selection of seven different soil samples analyzed triplicate was included
to evaluate intra-sample and intra-measurement variability for the elements of interest. The
higher values of relative standard deviation occur when the metal concentration is very near
to the LOD. Analysis of QA/QC data revealed an acceptable degree of accuracy and
precision.

The certified reference material CRM483 from the Community Bureau of Reference was
treated according to the modified BCR sequential extraction scheme followed by ICP-OES
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analysis. This standard reference materials was chosen for the extractable contents of Cd,
Cr, Cu, Ni, Pb and Zn with EDTA and acetic acid extraction method by Quevauviller et al.
(1997), and it was also adopted for the three step modified BCR-sequential extraction by
Rauret et al. (2000). Low values of SD with some exception, maybe due to the closeness
with the LOD, have been found. There are high discrepancies among data reported from
many authors about CRM483 (Rauret et al., Mossop et al., Sutherland et al., Kubova et al.).
In the work of Kubova et al. (2004) the modified BCR three-step sequential procedure
(Whalley and Grant 1994) was applied to CRM483. The basis for the modified BCR, as
detailed by Mossop et al (2003), is that significant inter-laboratory variability was apparent
in the original BCR, in particular in step 2 of the extraction. This limited the number of
elements for which certified values could be agreed and, eventually, led to a thorough
reevaluation of this step of the protocol. Using CRM 601 as the test substrate, comparison
studies led to the development of the modified BCR sequential extraction procedure. The
revised protocol involves use of an increased concentration of NH20OH.HCl and lower pH. It
improves reproducibility due, it is thought, to a more efficient dissolution of the reducible
fraction of the soil matrix. Our results are in agreement with that reported by Kubova et al.
(2004). The main differences occur in the last fraction (f4) probably because of the use of
nitric acid instead of aqua regia.

Data analysis

Results

Principal component analysis (PCA) is a suitable tool for resolution and modeling of large
environmental multivariate datasets generated in fractionation studies (Dong et al. 2010).
PCA is a data reduction procedure (Singh et al. 2005) that provides an easy visualization of
latent relationships among objects or variables in large and complex data sets. In this work,
PCA was applied to the data matrix composed of 85 soil samples and seven metals to
elucidate common factors affecting the chemical availability of the metals relative to their
near-total concentration in soil. Metals may be complexed differently in soil according to
their natural or anthropogenic origin.

Results from the fractionation methods are used for univariate analysis (i.e. element by
element and/or sample by sample), but this approach can hardly identify interrelations
between different elements in large datasets. Multivariate statistical analysis is a more useful
technique to show common patterns in data distributions, as for example, a common origin
or source of values, leading to a reduction of the initial dimension of data sets and
facilitating its interpretation. Therefore, PCA is a useful approach for the analysis of very
large sets of experimental data, as in the present case, for interpretation and to separate the
variables in subgroups in a data matrix.

The concentration of metals in each of the four fractions of each sample was measured.
Table I shows the concentration range and median of Al, Cr, Mn, Fe, Zn, Cd and Pb in soil
samples of Vallecamonica and Garda Lake. Near total metal concentrations were calculated
as the sum of values from all four fractions (f1, f2 f3 and f4). The median value for each
metal in each fraction was considered to discuss the overall data set.

The sum total content of metals in a soil sample are well represented by the near-total metal
concentrations in soil measured here. Here the near total concentrations of all elements are
considerably lower in the Garda Lake soil samples compared to Vallecamonica area, with
the exception of Cr and Zn in f4 and Pb in f1 for which the values are comparable between
the two regions. The median values of near-total concentration for Mn, Zn, Pb, Fe and Al
are higher in the Vallecamonica, while Cd and Cr concentrations are similar.
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The assessment of soil metal contamination may be accomplished comparing the total metal
concentrations to protective exposure standard values or to background values. Comparative
results for metal concentrations in contaminated soil samples are reported in Table II. These
values represent critical concentrations of metals for microbiota (Vanmechelen et al. 1997).

The median value of near-total concentrations of Mn in the Vallecamonica soil samples (see
Table I) is 830 mg/kg (with a maximum value of about 2384 mg/kg). This value agrees with
results found by XRF analyses (Lucchini et al. 2012) and it is very close to the Mn
contaminated soil concentration of about 1000 mg/kg reported by other authors (Tokalioglu
et al. 2004). The majority of soils in Europe contain a Mn concentration lower than 1000
mg/kg (Vanmechelen et al. 1997). Kabata-Pendias and Pendias (1984) proposed 1500 mg/kg
as the threshold value at which manganese toxicity may occur. For some of the
Vallecamonica soils Mn concentrations exceeded this suggested threshold value.

Discussion

Evaluation of experimental data sets

Results suggest that many of the soils in the Vallecamonica municipal districts located in the
investigated area may be contaminated with metals. In the Vallecamonica region the primary
anthropogenic sources of Mn in the environment are emissions from industrial plants, such
as ferroalloy production plants and iron and steel foundries (Santamaria 2008). However the
crustal origin of Mn in soil must also be considered as an underlying important source. To
estimate the geogenic contribution of Mn in the Vallecamonica soil samples, it is necessary
to distinguish the different extractable fractions.

In a typical soil metal extraction procedure, metal compounds present in the first fraction are
those that are weakly bound at cation-exchange sites in the matrix and hence chemically
very labile. Subsequent processing steps typically extract metals from the carbonate phase,
organic matter, etc. Metals in the water/acid soluble and exchangeable fractions are
considered the most mobile and potentially bioavailable forms present in soils, and may best
capture the anthropogenic contribution of greatest possible concern for human exposure,
followed by the carbonate phase. Iron and Mn oxides fractions are relatively stable under
typical environmental conditions, and can be mobilized (typically in the laboratory) under
acidic conditions. Metals associated with the organic phase are relatively stable in nature,
but can be mobilized under strong oxidizing conditions that degrade the organic matter,
leading to a release of metals.

Finally, more refractory soil components, related to the geogenic origins of metals in soil
(for example including the primary silicates) can be dissolved to obtain the so-called
“residual” or chemically inert fraction of metals in soil. This fraction typically contained
within the silicate crystal matrix of the minerals and represents the relatively immobile
fraction of metals in soil (Tessier et al. 1979).

Because of the large set of data, and to discuss the results globally, median values are
represented in percent fractions in Figure 1.

Aluminum and Fe show the highest percentage in the residual fraction (f4) (respectively
52% and 66% for Vallecamonica and 64% and 76% for Garda Lake). Chromium shows the
highest percentage in the oxidizable (f3) and residual fractions (respectively 40% and 43%
for Vallecamonica and 55% and 34% for Garda Lake). Relatively high metal levels in the
residual fraction indicates that a relatively large fraction of metals in the soil sample are
strongly bounded to clay minerals. As a consequence, the metals present in the residual,
strong acid extractable fractions may be considered biologically unavailable. Cadmium is
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the only element that exist at comparable levels in both the Vallecamonica and the Garda
Lake soils, and shows comparable levels in the exchangeable (f1), reducible (f2) and
residual fractions for the two areas (only the oxidizable fraction is slightly lower). Also Pb
and Zn show comparable levels in the exchangeable, reducible and residual fractions of soils
from the Garda Lake region, but not the Vallecamonica. Lead and Zn show the highest
concentrations in the reducible fraction (respectively 67% and 51%) for the Vallecamonica
samples. It was reported that Zn in clay soil, very diffused in the studied area (Sesana et al.
2005), occurs mostly in the residual fraction (73%), while Zn is more mobile in sandy soils
where it is relatively abundant in the reducible fraction (Brazauskiene et al. 2008). The
relatively high percent of Pb in the reducible fraction (24%) of the Garda Lake samples may
be due to its tendency to adsorb onto clay minerals, organic matter and Fe, Mn, and Al
oxides, and co-precipitate with metal oxides (Favas et al. 2001). Lead is mainly contained in
the oxidizable fraction of the Garda Lake samples (about 45%), probably because of its
complexation with sediments being released after degradation of organic matter or oxidation
from sulfides to sulfates (Diaz-de Alba et al. 2011). Lead, Zn, Mn, Cr and Fe concentrations
associated with the exchangeable and reducible fractions are higher in the Vallecamonica
samples, compared to the Garda Lake samples, so their potential bioavailability is greater in
that area (Cd shows comparable values). Manganese levels in the Vallecamonica soils shows
the following order of association: reducible (78%) > exchangeable (10%) > residual (8%) >
oxidizable (4%). The reducible fraction of extracted Mn accounts for Mn that is primarily
bound to Fe-Mn oxides in soil. While it was reported that in slightly contaminated soils Mn
was mainly associated with the reducible fraction, such as Mn oxides (Pueyo et al. 2003),
the large difference in the absolute Mn concentration and in the reducible fraction from
samples from the Vallecamonica (78%) and the Garda Lake (59%), strongly suggests its
anthropogenic origin in the former. This interpretation is supported by the observation that
the percentage of Mn in the residual fraction (8%), is lower compared to other published
data (Tokalioglu et al. 2010).

We next performed analysis of the data by considering the readily extractable fractions
(f1+f2) were considered separately from the less extractable ones (f3+f4). Soils metals of
anthropogenic origin are most likely selectively enriched in the two first fractions that
include the adsorptive, exchangeable and bound to carbonates metals, which are considered
to be weakly bound and may be relatively labile with the aqueous phase thus possibly
becoming more readily bioavailable. In contrast, metals in f3+f4 represent the less soluble
fraction of metals in soils and reflect the geogenic origin of the soil material.

Figure 2 shows Cr, Cd, Fe and Mn concentrations in f3+f4 fractions, normalized to the Al
concentration in the f3+f4 fractions for all the analyzed samples. It is evident that these
concentrations are correlated, suggesting the same natural origin for these metals. As already
pointed out the soil in the whole Brescia province is calcareous with the presence of silicates
and clay (Sesana et al. 2005). This is supported by the fact that the soil levels of all metals,
except Mn and Fe, are very comparable throughout soils of the Vallecamonica. In contrast
the median values of f3+f4 for Mn and Fe is about twice as high in Vallecamonica compared
to the

Garda Lake region, indicating that from a geological standpoint Mn and Fe are relatively
enriched in the Vallecamonica area. Indeed the Vallecamonica is well known from antiquity
because its habitants worked with metals, largely because of the presence of natural siderite
(Fe carbonate minerals containing Mn) deposits in this region (Brigo and Venerandi 2005).
In light of this, it is important to understand if the higher levels of Mn in soils of the
Vallecamonica area are due only to natural sources or also to anthropogenic contributions.

Environ Sci Pollut Res Int. Author manuscript; available in PMC 2014 July 01.
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The radar charts in Figure 3a and b show the median proportions of each element associated
with f1+f2 and f3+f4 fractions respectively in Vallecamonica and Garda Lake samples. As
expected metals that show lower concentration in the readily extractable fractions also show
higher contributions in less extractable fractions and vice-versa. It is very interesting to
notice that the behavior of metals in the Vallecamonica soils seems to be very similar to the
Garda Lake samples and no substantial differences can be highlighted from these data. This
strongly supports the interpretation that Al, Fe and Cr in soils from these two areas are
mainly of geogenic origin.

Principal component analysis

PCA analysis was performed on data of f3+f4 and f1+f2 fractions from all the 85 sampling
sites. The results are shown in Figure 4. Figure 4a shows the PCA of the less extractable
fractions (f3 and f4). It is evident that, despite higher scattering in the Vallecamonica data,
the Garda lake samples do not show evident segregation from the Vallecamonica samples.
Therefore it is possible to conclude that PCA of f3+f4 cannot distinguish between the two
investigated areas. This is probably due to the primarily crustal origin of metals in these
fractions (f3+f4) and the similar geology of the two investigated areas, in agreement with the
results reported in Figure 3.

Figure 4b shows the PCA of the readily extractable fraction of metals (f1+f2). It is evident
that the Garda Lake samples form a cluster (as highlighted with the circle), suggesting
similarities in the data set. This result suggests that almost all of the Garda Lake samples
share properties that distinguish them from the Vallecamonica samples, on the basis of the
potential mobility of metals in the environment. It is also noteworthy that the Vallecamonica
samples do not form a cluster, indicating greater variation among those samples, and likely
greater variation in the origin of readily extractable metals in soil. This observation is
consistent with the fact that the Vallecamonica samples were collected at different distances
from the Mn-Fe alloy plants, likely capturing a wide range of influence of ferroalloy plant
operations on surface soil metal levels.

Thus results of PCA not only substantiate the geologic origin of some metals, but also reveal
specific differences in the anthropogenic origin of metals in soil between the two areas
investigated here.

PCA highlights that anthropogenic source metals in soils in the two investigated areas are
largely captured in the two first fractions, reflecting that anthropogenically contributed
metals are weakly bound to soil constituents. The high chemical lability of metals reflected
in the first two fractions gives an indication of metal availability, which in turn may reflect
potential exposure risk connected with the presence of metals. In order to estimate the
environmental risk associated with metal pollution in the Vallecamonica, and to identify
those metals posing the greatest risk, soil samples were classified on the basis of their
chemical lability, or extractability in soil. For this, the extractability was related to the metal
quantity released into the mobile phases (based on the sums of the two first fractions)
relative to the near-total metal content in soil (Obrador et al. 2001; Rodriguez et al. 2009).
To compare the results obtained from the two areas, the f1+f2 median concentration values
were considered to reflect the readily extractable fraction of metals in soil. The results of
this analysis are reported in Figure 5. The criterion used for classification is the following:
soils that can release in fractions f1+f2 more than 50% of their total metal content may be
considered to pose greater environmental exposure risk than soils that release less for a
given total soil metal content, because their released metals can readily enter the food chain
(Rath et al. 2009).

Environ Sci Pollut Res Int. Author manuscript; available in PMC 2014 July 01.
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All metals in the Vallecamonica samples (except Cd, that shows very low concentration)
were more mobile than in the Garda Lake samples. In particular, the concentrations of
metals in f1+{2 of the Vallecamonica samples were respectively: Mn (99%) > Zn (84%) >
Pb (71%) > Cd (55%) > Al (33%) > Fe (20%) > Cr (16%). With respect to the other metals
Mn is mostly present in the readily extractable fractions, and this suggests that Mn in
Vallecamonica soils poses the greatest potential risk of exposure compared to soils from the
Garda Lake.

Despite the relative levels of metals in fractions f3 and f4 evidence a common geogenic
origin of the relatively refractive metals in soil in both areas, the amounts of metals like Mn
in the readily extractable fractions, f1+f2, evidence an anthropogenic origin of those metals
in the Vallecamonica compared to the Garda Lake.

Our results are in agreement with recently reported data (Lucchini et al. 2012) that showed a
significant association of total Mn levels in soil with some neuromotor changes among
adolescents residing in the Vallecamonica. Moreover, the results show that in the
Vallecamonica soil metals levels are elevated due both to anthropogenic inputs and
contributions from geologic sources that are naturally enriched in metals.

Conclusions

Metal concentrations in soils of the Vallecamonica, a Northern Italy region impacted by Mn-
ferroalloy plant emissions for over a century, were compared to that of the Garda Lake. The
BCR sequential extraction procedure was applied to provide information on the
environmental mobility and potential toxicity risk of metals in soil. This approach allowed
us to distinguish different loadings and mobilities of metals in soils collected in the two
areas.

The statistical method of PCA was applied for the evaluation of experimental data sets
because it means to describe and visualize potentially meaningful relationships between
data. The PCA approach was applied to the concentration values of metals in the less
extractable (f3+f4) and readily extractable (f1+f2) fractions, allowing to assess the geogenic
and anthropologic origins of metals in soils.

Results showed the presence of higher metals concentrations in soils of the Vallecamonica,
closer to Mn-ferroalloy plants. Our results also suggest that Al, Fe, and Cr in soils from both
the Vallecamonica and Garda Lake regions have mainly a geogenic origin. There also
appears to be a geogenic origin for Cd and to some extent amounts of Mn in the
Vallecamonica soils, with additional contributions from anthropogenic sources in the same
area, i.e. Min-ferroalloy plant emissions. For other metals, such as Pb and Zn, the
contribution from anthropogenic sources appears to be prevalent in the Vallecamonica soils.

However, the high concentrations and readily extractability of Mn, which may suggest
potential bioavailability for organisms, in the Vallecamonica soils create an environmental
risk and potential health risk of exposure.

Besides the results showed that the anthropogenic contribution to metals concentrations in
soils is prevalent for the Vallecamonica compared to the Garda Lake area.
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Figure 1a. Percent of the {1, f2, f3, and {4 fractions median values, obtained for
Vallecamonica soils.

Figure 1b. Percent of the f1, f2, 3, and f4 fractions median values, obtained for Garda Lake
soils.

Environ Sci Pollut Res Int. Author manuscript; available in PMC 2014 July 01.



1duosnuey Joyiny Vd-HIN 1duosnuey Joyiny Vd-HIN

1duosnuepy Joyiny Vd-HIN

Borgese et al.

100000 -

10000 -

1000 -

100 -

10 -

Concentration [mg/kg]

*

LCTr

% Cd

EFe

#Mn

0.1
1000

Al concentration [mg/kg]

Figure 2.

f3+f4 fractions metal concentration as a function of Al f3+f4 concentration
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Figure 3a. Radar chart showing the median proportions distribution of each element
associated with f1+f2 and f3+f4 fractions for Vallecamonica soils

Figure 3b. Radar chart showing the median proportions distribution of each element
associated with f1+f2 and f3+f4 fractions for Garda Lake soils
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Figure 4a. PCA results performed on f3+f4 fractions for all the 85 sampling sites.
Figure 4b. PCA results performed on f1+f2 fractions for all the 85 sampling sites.
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Figureb.

Environmental risk associated with metal pollution. Dotted line indicates dangerous value
(Rath et al. 2009).
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Table Il

Metal concentrations in contaminated soil samples (mg/kg) Kabata-Pendias and Pendias (1984) (Vanmechelen
et al. 1997).

Element  Concentration (mg/kg)

Cr 75
Mn 1500
Zn 170
Cd 3
Pb 100
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