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Geochemical Baseline Concentrations of
Available Heavy Metals in Mediterranean
Agricultural Soils: A Case Study in calcareous
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Abstract— The characterization of the content and sources of
trace metas in soils is an instrument in many programs of
environmental protection, including the establishment of regional-
level standards to detect sites affected by contamination. The
objectives of the present study were to study the available levels of
Cd, Cr, Cu, Ni, Pb, and Zn in surface horizons of agricultural
calcareous soils in a typical European Mediterranean region, to
establish the geochemical baseline concentration (GBC), background
level (BL), and reference value (RV) of each of these metals, and to
investigate their possible correlations with soil properties. To
establish the GBC and RV values we used the “standard threshold
method”. Topsoil samples (0-20 cm) were collected from 630 sites,
and extracted with DTPA to determine their available heavy metal
concentrations. The measured total and available concentrations were
lower than or close to those reported by other researchers for
agricultura soils. The GBC values established were: 0.04 to 0.90 mg
kg 1, 0.70 to 2.50 mg kg 1, 0.10 to 6.30 mg kg 1, 0.30 to 7.90 mg kg
1, 0.29 to 4.50 mg kg 1, and 0.18 to 2.50 mg kg 1 for Cd, Cr, Cu, Ni,
Pb, and Zn, respectively. Soil properties were found to be correlated
with the available heavy metal content, suggesting that the enhanced
of mobility of heavy metals are related to anthropic activities.
Available GBC determination is a tool that can provide insight into
the risk of trace element contamination and transfer to other
environmental compartment.

Keywords— available heavy metals, Mediterranean agricultural
soils, DTPA, geochemical baseline concentrations, reference values.

J. M. Rato Nunes is with the Polytechnic Institute of Portalegre, C3l and
the UIQA — Research Center of Environmental Chemistry. Superior Institute
of Agronomy, Portugal.

J.J. Ramos-Miras is with Dept. Edafologia y Quimica Agricola, Escuela
Politécnica Superior, Universidad de Almeria, Spain.

A. Lopez-Pifieiro is with UIQA — Research Center of Environmental
Chemistry. Superior Institute of Agronomy, Portugal and UIQA — Research
Center of Environmental Chemistry. Superior Institute of Agronomy, Portugal

L. Loures iswith the Research at the Centre for Spatial and Organizational
Dynamics and with the Polytechnic Institute of Portalegre, C3l.

C. Gil is with Dept. Edafologia y Quimica Agricola, Escuela Politécnica
Superior, Universidad de Almeria, Spain.

J.P. Coelho iswith Ingtituto Superior de Agronomia, Universidade Técnica
de Lisboa, Portugal.

D. Pefia is with Area de Edafologia y Quimica Agricola, Facultad de
Ciencias, Universidad de Extremadura

ISBN: 978-1-61804-239-2 235

|. INTRODUCTION

HE Mediterranean region has been subject to intense

anthropic pressure for millennia, resulting in a vulnerable
and often fragile ecosystem [1]. Livestock and crop farming
are the main human activitiesin the area [2]. The excessive use
of fertilizers in the region has, in genera, led to soil
acidification, problems of soil degradation, and a major
proportion of contaminant trace metals 3, 4]. Moreover, in the
European Mediterranean region, cropping intensity is often
inconsistent with the soil's natural potential, with 26% of the
soils used for farming being in fact unsuitable for that purpose
[5]. The concentration of heavy metals in agricultural soils is
related mainly with the parent material of the area [6],
although there are few studies on availavilty and movility of
the heavy metalsin agricultural soils.

The characterization of the content and sources of heavy
metals in soils is a key element in many programs of
environmental protection, including the establishment of
regional-level quality standards to detect sites affected by
contamination [7, 8].

The accumulation of heavy metals in the soil is considered
to be a serious risk at the environmental level [9]. Published
results on the levels of heavy metals in soils been based on
indirect estimation, small-scale studies, or poorly defined time
periods, but often represent the only information available for
extensive territories. Also, they are not only hard to
extrapolate, but seem unlikely to provide any reliable picture
of long-term trends that might be applicable to any large
agricultural area under commercial management. For this
reason, the present large scale field study represents a major
research contribution to determining and quantifying the
impact of agriculture on soil available heavy metal content
under Mediterranean conditions.

It is widely accepted that determining the total content of
heavy metals in a soil is neither sufficient to understand their
relative mobility and ecological availability as contaminants
nor particularly useful as atool to estimate potential risks. The
toxicity of metals for plants and animals including humans
depends not only on their total concentrations, but also on their
mobility and reactivity with other components of the
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ecosystem [10, 11]. The "bioavailable fraction" is the fraction
of the tota contaminant in the interstitial water and soil
particles that is available to the receptor organism [12].
However, there is still very little direct measurement data or
predictions of the available fraction of metals in soils. In
Portugal and Spain for instance, there is hardly any
information at al on available heavy metals in agricultural
soils, and this lack of information is reflected in poorly
informed legidlation which does not take soil characteristics
into account [13, 14].

The initial soil pH and the ability of plant roots to change
the pH have been found to be the principal predictors of the
exchange of heavy metas, and therefore of their
bioavailability [15]. It is generally accepted that anthropogenic
heavy metal contamination exists mainly in the form of
reactive species on the soil surface, and the concepts of
"bioavailability" and "bio-accessibility" were introduced to
express the actual effect of the concentration of a contaminant
on organisms in the ecosystem [12, 16, 17, 18].

The geochemical baseline concentration (GBC) and
background level (BL) of different heavy metals in soils have
been studied in various Mediterranean countries [8, 14, 19, 20,
21, 22, 23]. It is widely accepted that the BL and GBC were
the best approach to establish the levels of non-contaminated
soils. Different approaches have been taken to establishing the
GBC of trace elements in Mediterranean soils [8, 14, 24, 25,
26]. Most have centred on the tota heavy metal content
without considering the bioavailability of the different
elements involved [27], even though, according to Baldantoni
et al. [28], bicavailahility constitutes the best indicator of the
potential impact of these contaminants.

The present study is aimed at contributing to improved
infformation on available heavy metals in Mediterranean
agricultural soils in particular, it being important to bear in
mind that there is only limited data available on available
heavy metals in Mediterranean soils in general. Given this
context, the specific objectives were: (i) to study the levels of
available heavy metals in typical agricultural soils of a
Mediterranean region; (ii) to establish the available GBC of
these metals.

II.MATERIAL AND METHODS

A. Sudy area and sampling

The study area is located within the administrative
townships of Elvas and Campo Maior, at the confluence of the
Rivers Caia and Guadiana, near the Portuguese-Spanish border
(Figure 1). A total of 630 sites were selected in the "Caia
Irrigation Perimeter". At each sample site, 10 topsoil (020
cm) subsamples were collected at random and merged to give
a composite sample of roughly 2 kg. Later all samples were air
dried, crushed and sieved to < 2 mm, and stored.
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Figure 1 - Localization map of the area studied

The geology of this area consists essentially of Cambrian
and Silurian formations, with some small eruptive zones
associated with hyper-alkaline and alkaline rocks [29]. The
average annual rainfall is approximately 483 mm, most of
which coincides with the coolest temperatures from October to
March. The maximum average monthly temperature
corresponds to July with 24.7°C and the minimum to January
with 8.8°C. The Mediterranean region is characterized by its
hot dry summers and cool wet winters. The most important
crops are: maize (Zea mays) for feed-grain production with
amost half of the cultivated area (49%), wheat (Triticum
aestivum) (17%), sunflower (Helianthus annuus) (7%), tomato
(Lycopersicum esculento) (6%), and olive (Olea europea)
(4%).

B. Analytical methods

The physical and chemical soil analyses were carried out
following Roca-Pérez [30] and were determinated for each
individual soil (data not show). The available heavy metals
were determined by the method described by Lindsay and
Norvell [31] (extraction with DTPA + CaCl2 +
triethanolamine). According to Hooda and Alloway [32];
Soriano-Disla et al. [33] and Hao et al. [34], DTPA extraction
is the most efficient method of extracting heavy metals from
soils, independently of the soil's properties, and hence can be
an effective way to assess the availability of heavy metals to
plants. We considered this farction as biavailable heavy
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metals.

Total heavy metals were determined following the method
described in EPA 3052 [14]. The concentrations of Cd, Cr,
Cu, Ni, Pb, and Zn (total and available) were determined by
ICP-OES (IRIS INTREPID I XDL THERMO).
Measurements were made in triplicate for each sample to
check the precision of the results. To assess both the quality of
the methods applied and the assay by atomic absorption
spectroscopy, a check was made for matrix interferences using
standard addition techniques. No such interferences were
observed for the determination of the metals studied. In other
hand 30 samples were re-analysed and a paired t-test realized,
the results indicated no significant differences in the values
[35].The concentrations of available Cd, Cr, Cu, Ni, Pb, and
Zn are indicated as mg kg 1 dry matter. The limit of detection

identified as data endpoints of the raw data for which the
resulting population has a skewness nearest to zero and hence
the populations can be segregated (contaminated and non-
contaminated soils). The reference value (RV) was taken as
the upper limit of the GBC, and was used to determine whether
a soil might be contaminated or not [35]. The identification of
a specific type of soil as contaminated means that the total
contaminant content is higher than would normally be
expected in non-contaminated areas [26]. The RV values were
used to evaluate the soils' contamination and quality.

I1l. RESULTSAND DISCUSSION

The main soil characteristics are listed in Table 1. The
commonest soil groups in the study area are Fluvisols (42.7%),
Luvisols (21.7%), Calcisols (16.1%), Cambisols (6.1%),

of the method was 0.01 mg kg 1. Vertisols (1.8%), and Regosols (0.6%), as is usud in
Table 1: Mean values, standard deviation, and ranges for general descriptive parameters of Caia soils (n=630)

SOM N Soil Carbonates CEC CExs P,Os K,0O

(%) (%) (%) pH cmol kg dScm? (mg/100g) (mg/100g)

MINV 0.2 0.03 0.1 4.5 3.8 0.01 4.0 18
AM 15 0.10 55 6.9 15.8 0.11 197 220
MAXV 4.4 0.31 16.4 8.9 715 1.00 5920 3268
STD 0.6 0.04 4.2 11 10.2 0.11 413 185
GM 14 0.09 3.6 6.9 135 0.09 120 186
MINV—minimum value. STD—standard deviation.

AM—mean.
MAXV—maximum vaue.

The Zn Equivaent Indices (ZnEqT for total heavy metals
and ZnEgB for available heavy metals) were used to compare
the potential heavy metal toxicity in these soils [8, 13, 14, 36].
They both were calculated as:

ZnEq = [Zn] + 2[Cu] + 8[Ni]

where [Zn], [Cu], and [Ni] are the respective soil
concentrations of the metal (total and available for ZnEqT and
ZnEQB, respectively).

C.Satistical analyses

All dtatistical analyses were performed using the SPSS
version 15.0 software package, calculating the arithmetic mean
(AM), range (MINV-MAXYV), standard deviation (SD), and
geometric mean (GM) as descriptive statistics.

D.Baseline concentrations

To establish the GBC and BL values, the soil sample
population was segregated into non-contaminated and
contaminated soils on the basis of probability plots applying
the "standard threshold method" described by Fleischhauer
and Korte [37] and used by several authors.

Following this method a log-normal distribution was
assumed, and Q-Q plots were drawn. From these plots the
overlap corresponding to different population can be
determined from slope changes of the plots. The tipping points
formed by the superposition of the two populations were
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GM—geometric mean

Mediterranean ecosystems [29]. In general, these are medium-
loam and clay-loam soils with a pH close to 7, dightly
calcareous, and low levels of soil organic matter (SOM,
1.54%) and total nitrogen (N, 0.1%).

They have intermediate levels of cation exchange capacity
(CEC, 15.8 cmolc kg 1), with calcium as the principal
exchangeable cation, and a degree of saturation of
exchangeable cations of 70%. Their levels of available
phosphorus and potassium (P205 and K20, respectively) are
high, indicating intensive use of soil fertilizers which is thus
suggestive that farming may be incorporating pollutants into
the soils [38, 39]. Their saturated soil-paste electrical
conductivity islow (EC25, 0.11 dS cm 1), indicating that these
soils have no salinity problems.

The total concentrations for the heavy metals in these soils
based on the 30 representative top soils of the study area were
(mg kg 1): ranges, Cd <d.I.-0.7; Cr 10.8-89, Cu 9.5-489, Ni
5.2-48.6, Pb 7.7-41.9; and Zn 10.1-65.6; mean values + SD,
06+0.1,484+255,16.7+9.1, 23.6 + 13.6,19.1 + 8.9, 29.6
+ 15.1 (mg kg 1) for Cd, Cr, Cu, Ni, Pb, and Zn, respectively
(Table 2). According to these data therefore, the order of the
heavy metals total content was Cr>Zn>Ni>Pb>Cu>>Cd. In
genera, in al the soils these levels are low compared with
literature values for Mediterranean agricultural soils [40, 41,
42]. The ZnEQT values (252 + 135 mg kg 1) were also lower
than Gil et al. [8] obtained in Mediterranean greenhouse soils,
and the present study's heavy metal total concentrations do not
surpass the RV established by Inéacio et al. [20] in Portuguese
soils or the GBC values of natural soils in the Mediterranean
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region established by Roca-Pérez et al. [22].

Table 2: Total concentrations (mg kg™ dry soil) of trace elements in soil samples
(n=30) from Caiaarea.

. Zn
Cd Cr Cu Ni Pb Zn EqT

MINV <d.l. 10.8 5.4 5.2 7.7 10.1 63
AM 0.6 48.4 16.7 23.6 191 29.6 252
MAXV 0.7 89.0 45.0 48.6 41.9 65.6 506
STD 0.1 255 9.1 13.6 8.9 151 135
GM 0.6 41.1 14.6 19.6 171 25.9 214

<d.|. below detection limit
ZnEqT—Zinc equivaent of total heavy metals

Table 3 presents the mean concentrations of available Cd,
Cr, Cu, Pb, Ni, and Zn in the soils, with the corresponding
values of the standard deviation, range, and geometric mean.

Table 3: Available concentrations (mg kg dry soil) of trace elements in soil
samples (n=630) from Caia area with associated statistical parameters.

. Zn
Cd Cr Cu Ni Pb Zn EqB

MINV <d.l. <d.l. <d.l. <d.l. <d.l. <d.l. 0.3
AM 0.24 0.85 1.23 1.95 3.16 0.64 194
MAXV 1.10 3.30 10.00 6.60 13.00 5.00 130
STD 0.23 0.79 115 1.30 233 0.58 145
GM 0.15 0.50 0.86 1.48 2.25 0.51 14.3

<d.|. below detection limit
Zn EqB—Zinc equivalent of bioavailable heavy metas

The available concentrations of these potentially toxic
elements averaged over the 630 representative surface soil
samples were (mg kg 1 dry wt, mean £ SD): Cd 0.24 + 0.23;
Cr 0.85 + 0.79; Cu, 1.23 £ 1.15; Ni, 1.95 + 1.30; Pb 3.16
2.33, and Zn 0.64 + 0.58. According to these data, the order of
the available content of the metals was Pb>Ni>Cu>Cr>Zn>Cd.
The content of the most available heavy metal in this kind of
soil, Pb, isknown to be essentially anthropogenic [19].

The availability data for Cr, Cu, Pb, and Zn are lower than
or close to those reported by different workersin the literature
considering the same extractant (Table 4), but the data for Pb
are perceptibly higher than those reported by Antolin et al.
[43] and Buccolieri et al. [44]. The only work that determine
available Cd is Antolin et al. [43] and their data are lower than
we found in the study area.

Although the levels of available heavy metals vary greatly
among different Mediterranean soils, the order of their
concentrations in the present study are similar to those found
by other workers, implying that the processes operating are
similar. The levels of ZnEgB found are lower than those
reported by Ramos-Miras et al. [36], in greenhouse soils (44.6
+ 43.5 mg kg 1), although they use other extracting agent. This
is indicative of the present soils being free of relevant
contamination or large scale mobilization of the heavy metals
analysed as might have been caused by farming activities,
despite the large amounts of fertilizers (available phosphorous
and potassium) detected in them.

A. Assessment of soil contamination

Soils constitute a complicated and heterogeneous system [45],
so that simple monitoring of their heavy metal concentrations
is insufficient guarantee of their environmental quality. Their
trace element contents vary widely, so that it is inappropriate
to use universal background concentrations as a criterion since
the native concentrations of metals in a specific soil may
exceed any given listed ranges. It is therefore important to
determine the values of the GBC and RV concentrations
locally [8, 14, 36, 46, 47]. To estimate the GBC values, the
"standard threshold method" was applied [37]. The Q-Q plots
are shown in Figure 2. Low values deviate from linearity
because they were beneath the detection limit, and were hence
assigned the detection limit value as proposed by Tack et al.
[35]. The threshold was chosen as the point at which the slope
of the Q-Q plot changes. Values beneath the threshold point
denote the GBC (0.91, 2.52, 6.33, 7,32, 4.60, 2.53 threshold
point of Cd, Cr, Cu, Ni, Pb and Zn, respectively) . The
resulting GBC ranges were (in mg kg 1): 0.04 to 0.90, 0.70 to
2.50, 0.10 to 6.30, 0.30 to 7.30, 0.29 to 4.50, and 0.18 to 2.50
for Cd, Cr, Cu, Ni, Pb, and Zn, respectively. The BL estimated
from non-contaminated soils were (in mg kg 1): 0.23, 0.72,
1.22, 2.00, 1.96, and 0.57 for Cd, Cr, Cu, Ni, Pb and Zn,
respectively. The method of threshold points alows the
differentiation of homogeneous populations using statistical
criteria, assuming that populations with higher contents of
heavy metals are subject to contamination processes.

Table 4: Available concentration of Cd, Cr, Cu, Ni, Pb and Zn, extracted with EDTA in different soils (mg kg'l).

In thiswork Bucolieri et al., 2010 Masaset al., 2009 Gisbert et al., 2006 Ramos 2006 Antolin et al., 2005 Walker et al., 2003
Cd 0.24+0.23 n.d. n.d. n.d. n.d. 0.012-0.013 n.d.
Cr 0.85+0.79 n.d. 15+05 n.d. n.d. n.d. n.d.
Cu 1.23+1.15 5.40 £ 5.67 25+12 0.9-8.8 153+ 4.3 1.64-1.19 11.3
Ni 1.95+1.30 0.41+0.32 1.3+09 nd n.d. n.d n.d.
Pb 3.16+2.33 209+ 192 58+32 22.1-179 n.d. 1.34-1.75 28.2-32.5
Zn 0.64 + 0.58 3.67+3.27 78+97 10.5-7.7 22+12 0.77-2.41 15.2-14.4

MINV-MAXV
AM £ STD
n.d. not determined
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Figure 2 - Normal probablllty plot of bioavailable Cd, Cr, Cu, Pb Ni and Zn
contents as log[concentration

There are only two literature studies on the GBC of available
heavy metals in soils — Tarvainen and Kallio [27] in natural
soils in Finland, and Ramos-Miras et al. [36] in agricultural
soils. They both used EDTA for extraction, however, so that it
is difficult to compare their results with the present findings,
even more so given that they did not analyse the same heavy
metals. Nevertheless, the present results lie within the limits
proposed by those authors.

The upper limit of the GBC could be used as the RV against
which to assess soil contamination [26] find that this method is
far more effective than others that have been put forward in the
specialized literature. Using therefore the upper GBC values as
the RVs of the available heavy metals (Cd 0.9; Cr 2.5; Cu 6.3;
Ni 7.9; Pb 4.5; and Zn 2.50; al in mg kg 1) with which to
determine whether or not a soil is contaminated, we found that
2% for Cd, 6% for Cr, 1% for Cu, 4.5% for Pb, 5% for Ni, and
4% for Zn of the samples were dlightly contaminated.

In particular, only 6% of the sample soils had a higher
available content of heavy metals than the RV limit (due
mainly to Cr, Cu, Ni, and Pb). In sum, these results point to a
minimal extension of soil contamination by available heavy
metals. Using the 90% percentile value as reference to
determine where a soil could be contaminated like Tack et al.
[35] (Table 5). All of the heavy metals values for 90%
percentile were lower than the RV proposed for these soils in
this work, excepct for Pb, who value of 90% is higher than
RV. This fact confirm that the contamination for available
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heavy metals was minimal except for Pb, who is one of the
most mobile [36, 48].

Table 5: Estimated of baseline concentrations of Available heavy metals (mg kg’
! dry soil) based on percentile values of the data considered to be baseline values

Per centile Cd Cr Cu Pb Ni Zn
5% 0.01 0.05 0.14 0.24 0.35 0.14
25% 0.07 0.18 0.53 1.30 0.83 0.32
50% 0.16 0.55 1.00 2.50 1.70 0.50
75% 0.37 1.10 1.60 4.60 2.70 0.72
90% 0.50 1.70 2.37 6.10 3.56 1.00
95% 0.70 2.00 3.30 6.80 3.94 1.20
99% 0.92 2.30 5.70 7.70 4.40 1.90

IV. CONCLUSIONS

The concentrations of total and available heavy metals in
these agricultural soils, which are typical of the Mediterranean
region, were generally lower than or close to those reported in
the literature for other agricultural areas. The GBCs of the
available heavy metals were: 0.04 to 0.90 mg kg 1, 0.70 to
250mgkg 1, 0.10to 6.30 mg kg 1, 0.30 to 7.90 mg kg 1, 0.29
to 4.50 mg kg 1, and 0.18 to 2.50 mg kg 1, for Cd, Cr, Cu, Ni,
Pb, and Zn, respectively. The threshold method is a good way
to establish GBC vaues in an initialy homogeneous
population of soil. Only a small percentage of the 630 soils
sampled had high available levels of heavy metals, so that
there is no evidence for any extensve heavy meta
contamination of these soils.

Given the potential risk to human health represented by
available heavy metals, especia effort is called for to
determine both the locations of contaminated soils and the
sources of their contamination in order to be able to halt the
contamination process and avoid larger areas being affected.
We must emphasize that the present results are preliminary,
and the findings will be more extensively studied in future
work.

REFERENCES

[1] Ramos, M.C., 2006. Metals in vineyard soils of the Penede’s area (NE
Spain) after compost application. Journal of Environmental
Management 78, 209-215.

[2] Kosmas, C.; Danalatos, N. G.; Lopez-Bermidez, F.; Romero-Diaz, M.
A. 2002. The effect of land use on soil erosion and land degradation
under Mediterranean conditions. Pages 57-70. In N. A. Geeson, C. J.
Brandt, and J. B. Thornes, editors. Mediterranean desertification: a
mosaic of processes and responses. Wiley, Chichester, UK.

[3] zdidis, G., Stamatiadis, S.,, Takavakoglou, V., Eskridge, K.,
Misopolinos, N., 2002. Impacts of agricultural practices on soil and
water quality in The Mediterraneam region and proposed assessment
methodology. Agriculture, Ecosystems & Environment. 88, 137-146.

[4] Romic, M., Romic, D., 2003. Heavy metal distribution in agricultural
topsoilsin urban area. Environmental Geology 43, 795-805.

[5] Borrego, C. 1993. Water, air and soil pollution problems in Portugal.
Science of the Total Environment 129, 55-70.

[6] De Tammerman, L., Vanongeval, L., Boon, W., Hoenig, M., 2003.
Heavy metal content of arable soils in Northern Beliguim, Water, Air
and Soil Pollution 148, 61-76.

[7] Rodriguez-Martin, JA., LOpez-Arias, M., Grau-Corbi, JM., 2006.
Heavy metals contents in agricultural topsoils in the Ebro basin (Spain).
Application of the multivariate geoestatistical methods to study spatial
variations. Environmental Pollution 144, 1001-1012.

[8] Gil, C., Ramos-Miras, J, Roca-Perez, L.; Boluda, R., 2010.
Determination and assessment of mercury content in calcareous soils.
Chemosphere 78, 409-415.



(9]

[10]

(11

[12)

[13]

[14]

(1)

(16]

(17]

(18]

(19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

Advances in Environmental Sciences, Development and Chemistry

Romaguera, F., Boluda, R., Fornes, F., Abad, M., 2008. Comparison of
three sequential extraction procedures for trace element partitioning in
three contaminated Mediterranean soils. Environmental Geochemistry
and Health 30, 171-175.

Adriano, D.C., 2001. Trace Elements in Terrestrial Environments:
Biochemistry, Bioavailability and risks of metals, Springer-Verlag. New
York.

Abollino, O., Aceto, M., Maandrino, M., Mentasti, E., Sarzanini, C.,
Petrella. F., 2002. Heavy metals in agricultural soils from Piedmont,
Italy. Distribution, speciation and chemometric data treatment.
Chemosphere 49, 545-557.

Vig, K., Meghargj, M., Sethunathan, N., Naidu, R., 2003.
Bioavailability and toxicity of cadmium to microorganisms and their
activitiesin soil: areview. Advancesin Environmental Research 8, 121-
135.

Andreu, V., Boluda, R., 1995. Application of contamination indexes on
different farming soils. Bulletin of Environmental Contamination and
Toxicology 54, 228-236.

Gil, C,, Boluda, R., Ramos, J., 2004. Determination and evaluation of
cadmium lead and nickel in greenhouse soils of Almeria (Spain).
Chemosphere 55, 1027-1034.

Martinez-Alcalg, 1., Clemente, R., Bena, M.P, 2009. Meta
Availability and chemical properties in the rhizosphere of Lupinus abus
L. growing in a high-metal calcareous soil. Water Air and Soil Pollution
201, 283-293.

Meyer, J.S., 2002. The utility of the terms ‘‘bioavailability’”” and
‘‘bicavailable fraction’’ for metals. Marine Environmental Research 53,
417-423.

Peijnenburg, W., Jager, T., 2003. Monitoring approaches to assess
bioaccessibility and bioavailability of metals: matrix issues.
Ecotoxicology and Environmental Safety56, 63-77.

Cao, A., Cappai, G.eCarucci, A., Lai, T., 2008. Heavy metal
bicavailability and chelate mobilization efficiency in an assisted
phytoextraction process. Environmental Geochemistry and Health. 30,
115-119.

De Vivo, B., Somma, R., Ayuso, R.A., Caderoni, G., Lima, A.,
Pagliuca, S., Sava, A., 2001. Pb isotopes and toxic metals in floodplain
and stream sediments from the Volturno river basin, Italy.
Environmental Geology 41, 101-112

Inécio, M., Pereira, V., Pinto, M., 2008. The Soil Geochemical Atlas of
Portugal: Overview and applications. Journal of Geochemical
Exploration 98, 22-33.

Albanese, S., De Vivo, B., Lima, A., Cicchdla, D., Civitillo, D.,
Cosenza, A., 2010. Geochemica baselines and risk assessment of the
Bagnoli brownfield site coastal sea sediments (Naples, Italy) Journal of
Geochemical Exploration 105, 19-33.

Roca-Pérez, L., Gil, C., Cervera, M.L., Gonzdlvez,A., J. Ramos-Miras,
J.,, Ponsa, V., Bech, J, Boluda, R., 2010. Selenium and heavy metals
content in some Mediterranean soils. Journal of Geochemical
Exploration 107, 110-116.

Guillén, M.T., Delgado, J., Albanese, S., Nieto, JM., Lima, A., De
Vivo, B., 2011. Environmental geochemical mapping of Huelva
municipality soils (SW Spain) as a tool to determine background and
baseline values. Journal of Geochemical Exploration 109, 59-69.

Gaan, E., Fernandez-Cdliani, J.C., Gonzalez, I., Aparicio, P., Romero,
A., 2008. Influence of geological setting on geochemical baselines of
trace elements in soils. Application to soils of South-West Spain.
Journal of Geochemical Exploration 98, 89-106.

Tume, P., Bech, J, Tume, L., Bech, J, Reverter, F., Longan, L.,
Cendoya, P., 2008. Concentrations and distributions of Ba, Cr, Sr, V,
Al, and Fe in Torrelles soil profiles (Catalonia, Spain). Journal of
Geochemical Exploration 96, 94-105.

Diez, M.; Simén, M.; Martin, F.; Dorronsoro, C., Garcia, I., Van Gestel,
C.A.M. 2009. Ambient trace element background concentrations in
soils and their use in risk assessment. Science of the Total Environment.
407, 4622-4632.

Tarvainen, T., Kalio, E., 2002. Baselines of certain bioavailable and
total heavy metal concentrations in Finland. Applied. Geochemistry 17,
975-980.

Baldantoni D, Leone A., Lovieno P., Morra L., Zaccardelli M., Alfani,
A. 2010. Total and available soil trace element concentrations in two
Mediterranean agricultural systems treated with municipa waste

ISBN: 978-1-61804-239-2

240

[29]

[30]

(31]

(32

(33]

(34]

[35]

(36]

(37]

(38]

(39]

[40)

[41]

[42)

[43]

[44

[45]

[46]

[47)

(48]

compost or conventional mineral fertilizers. Chemosphere 80, 1006-
1013.

Nunes, J., 2003. Los suelos del perimetro regable del Caia (Portugal):
Tipos, fertilidade, e impacto del riego en sus propriedades quimicas.
Tesis Doctoral, Universidad de Extremadura — Faculdad de Ciencias,
Badajoz.

Roca-Pérez, L., Pérez-Bermidez, P., Boluda, R., 2002. Soil
characteristics, mineral nutrients, biomass, and cardenolide production
in Digitalis obscura wild populations. Journal of Plant Nutrition 25,
2015-2026.

Lindsay WL & Norvell WA 1969. Development of a DTPA
micronutrients soil test. Agronomy Abstracts 6: 84.

Hooda, P.S., Alloway, B.J., 1994. The plant availability and DTPA
extractability of trace metals in sludge-amended soils. Science of the
Total Environment 149, 39-51.

Soriano-Didla, JM., Gémez, |., Guerrero, C., Jordan, M.M., Navarro-
Pedrefio, J., 2008. Soil factors related to heavy metal bioavailability
after sewage sludge application. Fresenius Environmental Bulletin 17,
1839-1845.

Hao, X.Z., Zhou, D.M., Huang, D.Q., Cang, L., Zhang, H.L., Wang, H.,
2009. Heavy Metal Transfer from Soil to Vegetable in Southern Jiangsu
Province, China Pedosphere 19, 305-311.

Tack, F.M.G., Vanhaesebroeck, T., Verloo, M.G., Van Rompaey, K.,
Van Ranst, E., 2005. Mercury basdine levels in Flemish soils
(Belgium). Environmental Pollution 134, 173-179.

Ramos-Miras, J.J., Roca-Perez, L., Guzman-Palomino, M., Boluda, R.,
Gil C., 2011. Background levels and baseline values of available heavy
metals in Mediterranean greenhouse soils (Spain). Journa  of
Geochemical Exploration 110, 186-192

Fleischhauer, H.L., Korte N., 1990. Formulation of cleanup standards
for trace elements with probability plots. Environmental
Management14, 95-105.

Nziguheba, G., Smolders, E. 2008. Inputs of trace elements in
agricultural soils via phosphate fertilizers in European countries.
Science of the Total Environment 390, 53-57.

Cheraghi, M., Lorestani, B., Merrikhpour, H., 2012. Investigation of the
effects of phosphate fertilizer application on the heavy metal content in
agricultural soils with different cultivation patterns. Biological Trace
Element Research 145, 87-92.

Caridad-Cancela, R., Vidal-Véazquez, E., Vieira, S.R., Abreu, C.A., Paz-
Gonzédlez, A., 2005. Assesing the spatial uncertainity of mapping trace
elements in cultivated fields. Communications in Soil Science and Plant
Analysis 36, 253-274.

Rodriguez-Martin, J.A., Lépez-Arias, M., Grau-Corbi, JM., 2006.
Heavy metals contents in agricultural topsoils in the Ebro basin (Spain).
Application of the multivariate geoestatistical methods to study spatial
variations. Environmental Pollution 144, 1001-1012.

Peris, M., Recatala, L.; Micé, C., Sanchez, R., Sanchez, J., 2007. Heavy
metal contents in horticultural crops of a representative area of the
European Mediterranean region. Science of the Total Environment. 378,
42-48.

Antolin, M.C.; Pascud, |.; Garcia, C.; Polo, A.; Sanchez-Diaz, M. 2005.
Growth, yield and solute content of barley in soils treated with sewage
sludge under semiarid Mediterranean conditions. Field Crops Research
94, 224-237.

Buccolieri, A., Buccolieri, G., Del'Atti, A., Strisciullo, G., Gagliano-
Candela, R., 2010. Monitoring of total and biocavailable heavy metals
concentration in agricultural soils. Environmental Monitoring and
Assessment 168, 547-560.

Chen, H.M., Zheng, C.R., Tu, C., Zhou, D.M., 2001 Studies on loading
capacity of agricultural soils for heavy metals and its applications in
China. Applied Geochemistry 16, 1397-1403.

Matschullat, J.,, Ottenstein, R., Reimann, C., 2000. Geochemica
background — can we calculate it? Environmental Geology 39, 990-
1000.

Horckmans, L., Swennen, R., Deckers, J., Maguil, ,R., 2005. Loca
background concentrations of trace elementsin soils: a case study in the
Grand Duchy of Luxembourg. Catena 59, 279-304.

Massas, |., Ehaiotis, C., Kalivas, D., Panagopoulou, G., 2010.
Concentrations and availability indicators of soil heavy metals; the case
of children's playgrounds in the city of Athens (Greece). Water, Air, and
Soil Pollution 212, 51-63.





