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Abstract The increasing demand for environmental
pollution control results in the development and use of
new procedures for the determination of dangerous
chemicals. Simple screening methods, which can be
used directly in the field for a preliminary assessment
of soil contamination, seem to be extremely advanta-
geous. In our laboratory, we developed and optimized a
rapid test for a preliminary evaluation of both the con-
centration and the mobility of some potentially toxic
metals in soils. This screening test consists of a single
extraction of the soil sample with a buffer solution,
followed by the titration of the extracted solution with
dithizone to determine the contents of bi-valent heavy
metals (such as Pb, Cu, Zn, and Cd). This screening
method was then directly applied in the field during the
sampling campaign in the framework of an Italian–

Serbian collaborative project, finalized in the study of
metal availability in soils. The results obtained in the
field with the rapid test were compared with those
obtained in the laboratory following the conventional
procedure commonly used to evaluate metal bioavail-
ability (diethylenetriaminepentaacetic extraction).
Moreover, selected samples were analyzed sequentially
in the laboratory using the standardized BCR three-step
sequential extraction procedure. The screening test gave
results conceptually in good agreement with those ob-
tained via the BCR procedure. These preliminary data
show that the proposed screening test is a reliable meth-
od for the preliminary rapid evaluation of metal total
concentrations and of potential metal mobility in soils,
supporting sampling activities directly in the field.

Keywords Metal availability in urban soils . Total metal
contents . Extraction procedures . In-field screening test .

Dithizone

Introduction

The need for a constant monitoring of environmental
pollution and the increasing number of polluting sub-
stances has resulted in extensive research aimed at devel-
oping new technologies and screening methodologies.
Nowadays, the necessary analytical information must be
supplied as fast as possible and often the gathered data
data exceed the current demands for effective decision-
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making. For these reasons, it is increasingly important to
develop simple methods that can be used directly in the
field on different environmental matrices. In general,
these screening methods should be characterized both
by the capability of a low-cost continuous on-site moni-
toring and the possibility to obtain quick responses. Fast
responses have the advantage to enable Bguided^ sam-
pling activities, increasing the representativeness of the
collected samples while limiting their numbers; samples
can then be successively analyzed in the laboratory using
standardized analytical procedures/techniques. Devices
for environmental diagnosis are usually simple Btools^
that can be used directly in the field, avoiding problems
related to sample preservation and transport. They in-
volve little or no sample treatment and therefore, the
preliminary operations of conventional analytical proce-
dures can be avoided or minimized; this represents a clear
advantage since sample treatments are often time-
consuming and expensive. Moreover, elaborated sample
treatments are sources of major random and systematic
errors and often imply the use of hazardous chemicals
(Rubio and Ure 1999). The Bsemi quantitative^ response
provided by screening methods represents a reliable in-
dication and can be used for immediate decision-making
(Valcarcel et al. 1999; Munoz-Olivas 2004; Jozic et al.
2009). In regard to the assessment of soil contamination
by heavy metals and soil remediation studies, the avail-
ability of in-field screening tests allows producing/
elaborating a timely contaminant distribution map, which
is extremely useful in the design of a successful sampling
strategy.

Urban environments are considered of great interest
for the study and comprehension of the accumulative
effects of pollution due to the presence of concentrated
anthropogenic activities. Vehicular traffic, emissions of
the heating systems, industrial, agricultural, and commer-
cial activities (Ajmone-Marsan and Biasioli 2010) can be
considered the most relevant pollution sources. As a
consequence, the population can be heavily exposed to
potentially toxic chemicals from these different sources,
and serious health hazards may result from the combined
effects of pollutants (Poggio et al. 2009; Madrid et al.
2004). Although most of the environmental directives of
different countries set strict limits on the levels of the total
concentrations of toxic elements, in recent years, many
studies have demonstrated that the total metal content of a
soil does not provide adequate information to assess the
associated environmental risk. Suitable information can
be obtained by evaluating the environmental mobility and

bioavailability of the potentially toxic elements (Peralta-
Videa et al. 2009). Bioavailability has been defined as
Bthe degree to which chemicals present in the soil may be
absorbed or metabolized by humans or ecological recep-
tors or are available for interaction with biological
systems^ (Report ISO 11074: 2005). The bioavailability
of metals in soils is related to several factors, such as their
physical and chemical soil properties, the metal specia-
tion, the plant species, and, especially, the soil-plant
interactions (Kabata-Pendias 2004; Ehlers and Luthy
2003). Many studies on the mobilization of metals, par-
ticularly heavy metals, from soils are based on the frac-
tionation of metals from samples, step by step, using
different reagents or extractants (Ure and Munthau
1993; Mester et al. 1998; Filgueiras et al. 2002; Bacon
and Davidson 2008). Among the one-step extraction
methods most frequently used for bioavailability
evaluation, especially for the simplicity and ease of
operation, is the diethylenetriaminepentaacetic acid
(DTPA) extraction method that has been largely used
due to its capacity to form stable complexes with
metal cations (Lindasy and Norvell 1978). In addi-
tion, the extraction with DTPA is the Italian official
method for the measurement of plant-available frac-
tions (D.M. 13/09/99 http://ctntes.arpa.piemonte.
it/Bonifiche/Documenti/Norme/13_Set_99. pdf).

At the same time, several sequential extraction
schemes, which differ for the reagents used and for the
number of extractions performed, have been developed
in order to evaluate the metal fractions available to plants
and the environmentally accessible trace metals (Tessier
et al. 1979; Sahuquillo et al. 2003). With the aim of
harmonizing all the procedures, the European Commis-
sion, with the BCRProgram and its successor (Standards,
Measurements and Testing Programme - SMT), through
a series of inter-laboratory studies, optimized a three-step
sequential extraction method and produced a certified
reference material (CRM 601), successively optimized
and distributed as certified reference material BCR 701
(Quevauviller et al. 1997; Rauret et al. 1999). According
to this extraction protocol, metals can be divided into
acid soluble/exchangeable, reducible, and oxidizable
fractions. However, sequential extraction procedures
are time-consuming and costly; as a consequence,
they can be used only on a limited number of samples
selected from a large set. Contaminated sites are usu-
ally extended over wide and heterogeneous areas, and
a representative study requires a huge number of
samples.
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For this reason, it is particularly interesting to use a
rapid, effective, and simple screening method, which
reliably identifies the most significant sampling points
to collect samples for more accurate measurement
through complex standard laboratory procedures
(Brunori et al. 2005; Pacifico et al. 2007).

In this paper, we describe a case study on the in-field
application of a rapid screening method, developed in
our laboratory at ENEA (Italian National Agency for
New Technologies, Energy and Sustainable Economic
Development) and then optimized in the field for the
preliminary evaluation of the total concentration and
mobility of some potentially toxic metals in soils.

The test is based on a single leaching step of the soil
sample, performed using trisodium citrate and hydrox-
ylamine hydrochloride buffer as extracting solution at
pH 9.3. This solution was chosen for the possibility of
directly extracting both the Beasily extractable^ fraction
and the fraction bound to iron and manganese oxides of
metals. The concentration of bi-valent metals, such as
Pb, Cu, and Zn (being among the most representative
metals in contaminated soils, particularly in urban areas)
and of other bi-valent elements, such as Cd, in the
extracted solution is directly determined via titration
with dithizone solubilized in an organic solvent (Pinto
et al. 2010). The fraction bound to Fe-Mn oxides is often
a quantitatively important component of the total metal
content in soils and poses a risk in case of changes in the
oxy-reductive status of the superficial soil layers. With
the purpose of a direct Bin-field^ use, preliminary stud-
ies were carried out in our laboratory, aimed at optimiz-
ing the procedure and at selecting the best operational
conditions for the rapid test. The method was then
directly tested in the field to optimize the whole proce-
dure. Successively, in the framework of a scientific
collaborative project between Serbia and Italy, (Urbesoil
project—see details in the acknowledgements), our rap-
id test was employed during the sampling activity to
evaluate the environmental availability of Pb, Cu, Zn,
and Cd. Soils samples were collected in two green
central areas of Novi Sad (Limansky Park and
Železnički Park—the railway station park) and in the
Villa Borghese in Rome, and metal mobility was studied
performing a direct evaluation in the field using the
rapid screening test. Subsequently, the results obtained
with the rapid test were compared with those obtained
by using a conventional procedure: the Italian official
method for the measurement of the plant-available frac-
tion with diethylenetriaminepentaacetic acid (DTPA).

The samples providing the most interesting results on
metal mobility, according to the screening test, were
then analyzed in the laboratory applying the standard-
ized BCR three-step sequential extraction in order to
evaluate the reliability of the field test.

Materials and methods

Sampling

To optimize the use of the screening test in the field, two
different sampling sites were selected: one representa-
tive of soils with low metal concentrations and the
second site of soils with a higher metal content. One
soil sample (S) was collected inside the rural area of our
research center (Enea Casaccia, Roma). A sampling
campaign was then carried out in the second site, the
metal basin (sphalerite and galena: ZnS, PbS with sig-
nificant presence of Cu, Cd, As, Sb, and Ag) of the Tolfa
Hills, an area located about 70 km north of Rome
exploited for lead and iron from the Bronze age until
recent times. In this mining area, three soil samples were
collected: sample 1T close to the area where lead-
extractive processes were active; sample 2T collected
downstream along a water course, and sample 3T col-
lected just outside the mining area.

For the Italian–Serbian bilateral Urbesoil research
project, sampling sites (Fig. 1a–c) were selected in the
main central public parks in Rome (Villa Borghese
garden) and in Novi Sad (Limanski and Zeleznicki
parks). Villa Borghese covers an area of 80 ha in the
heart of Rome, between the ancient Aurelian Walls
and two new blocks built in the early twentieth centu-
ry. Among the Roman parks, it is one of the richest in
artistic masterpieces and landscapes. It encloses build-
ings, monuments, sculptures, and fountains belonging
to different artistic periods, surrounded by ancient
trees, lakes, Italian gardens, and lawns. It includes a
large number of evergreen species, such as oaks, plane
trees, stone pines, cedars, and firs. The largest green
area in the city of Novi Sad is Limanski Park, covering
an area of 12.9 ha. Originally, poplar and willows were
the main trees in the park, but later, it was enriched
with linden trees, birches, cedars, oaks, spruces, and
decorative bushes. Zeleznicki Park occupies an area
between the railway embankment and a main road of
Novi Sad. It abounds with lawns and trees and hosts a
children playground area.
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In each site, ten top (0–5 cm) and ten bottom (40–
50 cm) soil samples were taken. This work concerns
only the top soil samples, as the upper layer is more
influenced by anthropogenic activities. Soil samples
were air-dried at 40 °C and sieved to 2 mm. We

measured pH and some pedological parameters (organic
content (%) and soil texture) according to international
procedures; values are shown in Table 1. For the deter-
mination of heavy metal contents, the samples were
ground to 100 μm to ensure sample homogeneity.

Fig. 1 Sampling sites: a Villa Borghese park, Rome; b Limanski and c Zeleznicki Parks, Novi Sad
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Reagents, solutions, and materials

We used 69% nitric acid HNO3 Normapur (BDH), 40%
hydrofluoric acid HFAristar (BDH), 37% hydrochloric
acid Aristar (BDH), and 30% hydrogen peroxide H2O2

Suprapur (Merck) for the total dissolution of the soil
samples.

For the leaching experiments, a buffer solution of
trisodium citrate and hydroxylamine hydrochloride at
pH 9.3 was prepared, as described in Pinto et al. (2010),
dissolving trisodium citrate Na3C6H5O7·2H2O RPE
(MERCK) and hydroxylammonium hydrochloride
NH2OH-HCl RPE (FLUKA) in ultrapure water
(18.2 MΩ cm−1 at 25 °C) obtained from a MilliQ Ele-
ment System (Millipore); the pH was adjusted to 9.3
with NH3 (Aristar®, BDH). For titration analysis,
≈ 2 × 10−5 M dithizone (1,5-diphenylthiocarbazone
C13H12N4S, FW: 256.33 g/mol, FLUKA) solution was
prepared daily by dissolving the appropriate amount of
the corresponding chemical in toluene (BDH).
Diethylenetriaminepentaacetic acid, 98% C14H23N3O10

(AlfaAesar), calcium chloride dihydrate CaCl2-2H2O,
RG Merck, 32% ammonium hydroxide, NH4OH RG
(Rudi Pont), and 98% triethanolamine (HOCH2CH2)3N
(Sigma) were used to prepare the DTPA extracting solu-
tion according to the procedure described in Lindasy and
Norvell (1978).

Glacial acetic acid CH3COOH RG (Rudi Pont),
hydroxylammonium hydrochloride NH2OH-HCl RPE
(Fluka), 69% nitric acid HNO3 NormaPur (BDH), 30%
hydrogen peroxideH2O2 Suprapur (Merck), ammonium
acetate CH3COONH4, and analytical reagent (Riedel-de
Haën) were used for the sequential extractions and
prepared according to the procedure described in Rauret
et al. (1999). All laboratory glassware was soaked in a
1:3 69% nitric acid and ultrapure water mixture over-
night and then repeatedly rinsed with ultrapure water
before use to eliminate any contamination. Ultrapure
water (18.2 MΩ cm−1 at 25 °C) with 1% nitric acid
was used for the calibrating solutions and for all the
dilutions. Polypropylene Falcon tubes (BD Falcon™),
0.45-μm filter membranes HA Millex, MF Millipore,

Table 1 Pedological data for Rome and Novi Sad urban soils (T indicates top soil)

pH (H2O) Organic content (%) Sand (%) Silt (%) Clay (%) USDA—textural soil classification

Rome

VB1T 7.7 15 50 43 7 Loam—sandy loam

VB2T 7.9 7.6 54 39 7 Sandy loam

VB3T 7.8 1.6 63 32 5 Sandy loam

VB4T 7.7 7.2 32 55 13 Silt loam

VB5T 8.0 2.2 41 46 13 Loam

VB6T 7.7 10 60 36 4 Sandy loam

VB7T 7.4 10 32 51 17 Silt loam

VB8T 7.7 11 33 54 13 Silt loam

VB9T 7.7 9.4 50 43 7 Loam—sandy loam

VB10T 8.0 11 43 47 10 Loam

Novi Sad

NSL1T 7.9 5.1 95 3 2 Loamy coarse—sand

NSL2T 7.9 4.6 57 13 30 Loam

NSL3T 7.8 4.7 60 14 26 Loam

NSL4T 8.1 3.3 96 2 2 Loamy coarse—sand

NSL5T 8.3 2.6 50 17 33 Loamy clay

NSZ1T 7.9 4.9 96 2 2 Loamy coarse—sand

NSZ2T 7.8 5.1 79 6 15 Fine sand loam

NSZ3T 7.8 9.8 87 4 9 Loamy coarse—sand

NSZ4T 7.8 4.9 68 11 21 Fine sand loam

NSZ5T 7.8 5.4 72 9 19 Fine sand loam
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and syringes BD Plasticpack™ were used for the ex-
traction experiments.

Single ICP-MS standard solutions, 1000 mg L−1, of
lead, copper, cadmium, and zinc, in nitric acid, were
used for the preparation of the multi-standard calibration
solution. Rhodium ICP-MS standard solution,
1000 mg L−1, in nitric acid Aristar (BDH), was used
as internal standard with the appropriate concentration.

Instrumentations

The pH measurements were performed using a portable
250A Orion pH Instrument (Thermo Electronic Corp.)
equipped with an Orion gel-filled combination pH-
electrode (Thermo Electronic corp.). A microwave sys-
tem (Milestone 1200 Mega) was used for the total
dissolution of the soil samples. A vertical rotary shaker,
Rotator Drive STR4 (Stuart Scientific), a thermostatic
bath with stirring (Kottermann Labortechnik), and a PK
110ALC centrifuge (Thermo) were used for both DTPA
soil extractions and sequential extractions. All the mea-
surements of the metal contents were made with a
Perkin-Elmer Elan 6100 ICP-MS spectrometer (USA)
equipped with a cross-flow nebulizer and with a Perkin-
Elmer Optima 2000 DV ICP-OES spectrometer
equipped with a Scott-type spray chamber.

Determination of the total metal content

Approximately 0.5 g of soil, accurately weighted, were
digested with a mixture of 7 mL 69%HNO3, 2 mL 40%
HF, 2 mL 30% H2O2, and 0.5 mL 37% HCl in TFM
vessels with the microwave system. The working pro-
gram used for microwave digestion was set as follows:
5 min at 250 W power, 10 min at 400 W, 10 min at
600 W, and 5 min at 250 W. Microwave digestion was
followed by an open-vessel procedure. The samples
were first evaporated smoothly nearly to dryness, in
PFA vessels, and the residues were subsequently dis-
solved in 1 mL HNO3 and the solutions again evaporat-
ed nearly to dryness. The residues were then submitted
twice to analogous treatment with 1 mL of HNO3 each
time. Finally, 1 mL of HNO3 was added to each sample
and the resulting solution was completely transferred to
a 50-mL volumetric flask and diluted to volume with
ultrapure water (18.2 MΩ cm−1 at 25 °C). Each sample
was analyzed in triplicate and the mean values were
considered. Procedural blanks were always evaluated.
Adequate quality assurance was guaranteed by

analyzing, using the same procedure used for the soil
samples, ISE 973 Reference Material (WEPAL).

Optimization of the sampling procedure
for the Bin-field^ rapid test

Previous studies (Pinto et al. 2010) have demonstrat-
ed that the kinetic extraction of the screening proce-
dure reaches the steady state in 60 min and that the
leaching experiments can be performed for 5 and
60 min, as it is interesting to investigate metal
leachability at the beginning and at a pseudo-
equilibrium state. For this reason, the soil extrac-
tions in-field were carried out for 5 min. Preliminary
experiments were performed in order to investigate
the feasibility of performing measurements directly
in-field with the proposed screening test and to
optimize the soil sampling procedure. For these pur-
poses, the number of replicates of both the extrac-
tions of soils and titration of the extracts, the level of
contamination of soils and the operational proce-
dures to be performed, were examined in detail.
The three soils sampled in the mining area (high
concentration of heavy metals) and the one sampled
in the rural area inside the Enea Casaccia Research
Center (relatively low content of potentially toxic
metals) were studied as representatives of different
environmental contexts. Each sample, sieved at
2 mm, was divided into three portions: two of these
were analyzed directly in-field with the rapid test
and the third one was measured in the laboratory
using the screening test after the usual procedure
followed for the soil sample preparation (air drying
at 40 °C of the soil and sieving at 2 mm). Of the two
aliquots tested in the field, one was dried with a
camp stove and the other analyzed in order to clarify
the influence of sample humidity on the screening
test results. The procedure used, extensively de-
scribed in Pinto et al. (2010), was as follows: 0.5 g
of soil sample, sieved at 2 mm, were extracted with
30 mL of trisodium citrate, and hydroxylamine hy-
drochloride buffer solution at pH 9.3. Polyethylene
tubes containing the sample and the extracting solu-
tion were stirred manually for 5 min, and the extract
was then separated from the solid residue by filtra-
tion through 0.45-μm syringe membrane filters. The
aqueous solution was titrated with DZ in toluene
[≈ 2 × 10−5 M] until the color of the organic phase
changed from pink to gray.
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Field screening test

Seven top soil samples collected in Rome and five top
soils samples of Novi Sad were firstly analyzed di-
rectly in the field for the evaluation of metal availabil-
ity with the rapid screening test, using the procedure
described in the previous paragraph. The field tests
were performed in triplicate on each soil extract. The
contents of Pb, Cu, Zn, and Cd (the latter present at a
significantly lower concentration), expressed as their
Σ in mol L−1 without distinguishing between ele-
ments, was calculated using a calibration curve ob-
tained from the titration of a multi-element standard
solution.

DTPA soil extractions

The same soil samples analyzed with the rapid screen-
ing test were also extracted with DTPA in the labora-
tory, according to the following procedure: 10 g of
soil, air-dried at 40 °C and sieved at 2 mm, were
placed in polypropylene Falcon tubes and shaken for
2 h at 60 rpm with 20 mL of the DTPA extracting
solution on a vertical shaker. Subsequently, the sus-
pensions were centrifuged at 4000 rpm for 10 min and
the solutions were separated and filtered through
0.45-μm syringe membrane filters into volumetric
flasks. Afterwards, the filtrates were analyzed for Pb,
Cu, Cd, and Zn using the ICP-OES spectrometer. All
extraction experiments, including the blanks, were
performed in triplicate and the mean values were
considered. For the final analytical determination of
the elements of interest, the extracted samples were
diluted 1:10 in 1% nitric acid and, to ensure matrix
matching, standard solutions for daily calibrations
were prepared in a DTPA solution diluted 1:10 in 1%
nitric acid.

Sequential extractions

The BCR three-step sequential extraction procedure,
summarized in Table 2, was applied to some selected
urban topsoil samples of each city, according to the
method described in Rauret et al. (1999). The residues
from step 3 were solubilized using the same acidic
dissolution method used for the determination of the
total trace element contents of the soil samples. The
BCR 701 CRM was analyzed to check the analytical
performance of the laboratory tests in the sequential

extraction procedure. Table 3 shows the results obtained
in our laboratory compared with the certified reference
values for BCR 701 CRM.

Results and discussion

Optimization of the sampling procedure
for the Bin-field^ rapid test

Total concentrations of Pb, Cu, Zn, and Cd, measured in
the soil sample (S) from the rural area within the Enea
Casaccia Research Center, after acid digestion in the
microwave system, according to the procedure previ-
ously described, were Pb: 121 ± 3 mg kg−1, Cu:
43 ± 1 mg kg−1, Cd: 0.2 ± 0.1 mg kg−1, and Zn:
127 ± 13 mg kg−1.

The concentrations of these metals measured in 1T,
2T, and 3T sample soils, sampled in the mining area of
Tolfa,werePb:2714±434mgkg−1,Cu:788±80mgkg−1,
Cd: 106 ± 5 mg kg−1, and Zn: 38,706 ± 1551 mg kg−1for
T1; Pb: 1090 ± 26 mg kg−1, Cu: 101 ± 1 mg kg−1, Cd:
2.8 ± 0.1 mg kg−1, and Zn: 808 ± 29 mg kg−1 for 2T and
Pb: 54 ± 1 mg kg−1, Cu: 152 ± 7 mg kg−1, Cd:
3.1 ± 0.1 mg kg−1, and Zn: 780 ± 10 mg kg−1for 3T.
The relevant differences in the measured concentrations
of these soils can be explained by their different origin.
The sample 1T showed the highest metal contents be-
cause it was collected within the mining site; soil 2T,
characterized by lower metal concentrations, was collect-
ed farther along a creek, whose water could have contrib-
uted to metal depletion. In contrast, soil 3T was sampled
in an area outside the mine where no mineralization
occurred.

The results of the preliminary tests carried out in the
field (A and B experiments) and in the laboratory (C
experiment) with the dithizone method on the rural soil

Table 2 BCR standardized three-step sequential extraction
procedure

Step Extracting solution

1: exchangeable and weakly
adsorbed fraction

A: CH3COOH, 0.11 mol L−1

2: reducible fraction
(bound to Fe and Mn oxides)

B: NH2OH - HCl, 0.5 mol L−1

3: oxidizable fraction
(organically bound
and sulfide-bound)

C: H2O2, 8.8 mol L−1,
then, D: CH3COONH4,
1.0 mol L−1 at pH 2
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sample (S) and on the three mining soils (1T, 2T, and
3T) for the optimization of the sampling soil procedure
are reported in Table 4.

In the field experiments A, wet sample soils were
directly analyzed without any preliminary drying, while
in the field experiments B, before performing the screening
tests, soils were dried using a camp stove. In the laboratory
(C), soils were air-dried at 40 °C in an oven and the metals
were successively extracted andmeasured according to the
screening test procedure previously described.

The concentrations of the extracted metals, shown in
tables, are the average value of nine titrations, since
three aliquots of each soil sample were separately ex-
tracted and every extraction solution was analyzed by
titration three times.

As shown in the tables, the metal concentrations mea-
sured in the solution obtained extracting the wet soil and
those obtained extracting the dried samples were compa-
rable. It can be only evidenced that the standard deviation
values associated to the concentrations measured in the

soil samples dried using the camp stove, were in two
cases, higher values than those of the concentration values
were measured for the wet soils. As a consequence, to
obtain preliminary information about metal mobility di-
rectly in the field, it is not strictly necessary to dry the soil
samples (except in the case of extremely wet soils, also
because in this case, it is impossible to obtain the
granulometric fraction < 2 mm by sieving). Then, it can
be noticed that the concentrations of the metals from
different soil samples measured with the screening test
in the field follow trends comparable to those obtained
using the rapid test in the laboratory, and the concordance
between the results is observed for a wide range of metal
concentrations. Therefore, these data demonstrate that the
proposed rapid test is not significantly influenced by the
operational conditions used, such as agitation and/or
grinding or by ambient factors such as light.

In addition, one further point to mention is that the
screening test provides interesting information about
different potential mobility/bioavailability of metals in

Table 3 Comparison of the re-
sults of the BCR sequential ex-
traction procedure on BCR 701
Reference Material determined in
our laboratory and the certified
values of this CRM

BCR 701 Pb Cu Cd Zn
(mg kg−1)

Step 1—measured 2.87 ± 0.14 48.7 ± 0.5 7.2 ± 0.1 203 ± 2

Certified reference values 3.18 ± 0.21 49.3 ± 1.7 7.3 ± 0.4 205 ± 6

Step 2—measured 122 ± 1 114 ± 1 3.61 ± 0.03 107 ± 1

Certified reference values 126 ± 3 124 ± 3 3.77 ± 0.28 114 ± 5

Step 3—measured 10.0 ± 0.2 59 ± 1 0.29 ± 0.01 49 ± 1

Certified reference values 9.3 ± 2.0 55 ± 4 0.27 ± 0.06 46 ± 4

Table 4 Results of the field (A and B) and laboratory (C) experiments for rural (S) and mining (T series) soils with the rapid screening test

Rural soil S

M++
average value ± SD RSD

(mmol kg−1) %

A (wet soil) 0.13 ± 0.01 10

B (dried soil) 0.11 ± 0.01 2

C (air-dried at 40 °C) 0.13 ± 0.01 8

Mining area soil 1T Mining area soil 2T Mining area soil 3T

M++
average value ± SD RSD M++

average value ± SD RSD M++
average value ± SD RSD

(mmol kg−1) % (mmol kg−1) % (mmol kg−1) %

A (wet soil) 126 ± 32 25 2.0 ± 0.1 6 0.25 ± 0.02 9

B (dried soil) 138 ± 52 38 1.7 ± 0.1 5 0.31 ± 0.05 16

C (air-dried, 40 °C) 135 ± 10 8 1.2 ± 0.1 9 0.39 ± 0.02 4
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soil samples collected at short distance. This evidence
supports the use of the rapid test during the sampling in
order to obtain a quick response on metal availability of
the soil samples and to select those samples that need
further analyses with standardized procedures.

Total metal contents

For the Urbesoil project, analysis of a great number of
soil samples (both top and bottom) and the determina-
tion of a large number of chemical elements were
planned. For these reasons, it was decided to charge an
external laboratory, already used in previous occasions
and tested for its reliability in performing large numbers
of determinations. At the same time, we analyzed some
selected soil samples in terms of total metal concentra-
tions, obtaining results in total agreement with the data
provided by the private laboratory.

The Pb, Cu, Cd, and Zn concentrations (mean ± SD,
expressed in mg kg−1) measured in the top soils (depth 0–
5 cm) sampled in Villa Borghese in Rome and in the top
soils collected in the two parks (Limanski and Železnički
Parks) in Novi Sad are shown in Tables 5 and 6.

The tables report data of the total concentrations
measured by the external laboratory. For the aims of
this work, the limit of detection given for Cd was
sufficient, since the contribution of this element to
the metal availability, expressed as sum of the total
amounts of the extracted metals (mainly Pb, Cu, and
Zn, especially in urban soils) can be considered neg-
ligible. As a matter of fact, the purpose of the proposed
screening test is that of providing reliable information
on the soils elements and on their potential availability
as a whole, rather than giving information on each
single potentially toxic metal.

As expected, determination of the total concentrations
of some potentially toxic elements (such as Pb, Cu, Zn,
and Cd) of the urban soil samples confirmed great differ-
ences between the nature of the soil of these two cities,
mainly related to the different geological settings, as
shown by the pedological data in Table 1. In Tables 5
and 6, the Rome soil samples show a wider variability of
the metal concentration values and higher metal contents
than those from Novi Sad. These evidences can be ex-
plained considering the different nature of the mineral
phases present in the soil parent material and the different
anthropogenic influences of the two towns. In Rome,

Table 5 Pb, Cu, Cd, and Zn mean concentration values and
concentration ranges (expressed in mg kg−1) in Villa Borghese in
Rome. In the last line, the limit values based on the Italian
Legislative decrees 152/06 for residential and park soil use

Rome Pb Cu Cd Zn

VB1T 1160 ± 16 132 ± 1 1.11 ± 0.02 365 ± 1

VB2T 236 ± 39 83 ± 4 < 0.5 150 ± 7

VB3T 88 ± 1 66 ± 3 < 0.5 141 ± 2

VB4T 176 ± 29 97 ± 4 < 0.5 112 ± 5

VB5T 288 ± 47 100 ± 4 < 0.5 132 ± 6

VB6T 595 ± 97 149 ± 7 < 0.5 140 ± 7

VB7T 728 ± 119 145 ± 6 < 0.5 142 ± 7

VB8T 200 ± 33 76 ± 3 < 0.5 100 ± 5

VB9T 384 ± 63 141 ± 6 < 0.5 157 ± 7

VB10T 462 ± 76 121 ± 5 < 0.5 161 ± 8

Mean 432 111 160

Min. 88 66 < 0.5 100

Max. 1160 149 1.11 365

Limit values Italian
Legislative
decrees 152/06 for
residential and
park soil use

100 120 2 150

Table 6 Pb, Cu, Cd and Zn mean concentration values and
concentration ranges (expressed in mg kg−1) in Limanski and
Zeleznicki Parks in Novi Sad. In the last line, the limit values
and the intervention values based on Dutch target (VROM, 2000)
for soils not intended for agricultural use in the Serbian legislation

Novi Sad Pb Cu Cd Zn

NSL1T 35 ± 6 28 ± 1 < 0.5 108 ± 5

NSL2T 33 ± 5 25 ± 1 < 0.5 80 ± 4

NSL3T 27 ± 2 25 ± 3 < 0.5 114 ± 5

NSL4T 45 ± 7 47 ± 2 < 0.5 101 ± 5

NSL5T 31 ± 5 31 ± 1 < 0.5 87 ± 4

NSZ1T 56 ± 5 54 ± 1 < 0.5 199 ± 22

NSZ2T 31 ± 5 42 ± 2 < 0.5 94 ± 4

NSZ3T 40 ± 7 42 ± 2 < 0.5 151 ± 7

NSZ4T 39 ± 6 51 ± 2 < 0.5 111 ± 5

NSZ5T 76 ± 12 45 ± 2 < 0.5 126 ± 6

Mean 41 39 – 117

Min. 27 25 < 0.5 80

Max. 76 54 – 199

Limit values Dutch
target and
intervention values

85/530 36/190 0.8/12 140/720
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soils mainly originate from volcanic rocks characterized
by high natural metal contents, while in Novi Sad, soils
derive from river sediments characterized by low contents
of metals. In many of the soil samples from Villa
Borghese in Rome, the measured concentrations of Pb
and, in some cases, also of Cu and Zn exceeded the
threshold values established by the D. Lgs 152/06 Italian
Directive for these metals in public parks (as shown in
Table 5). However, particularly in Rome, vehicular traffic
represents the major source of metals: with an estimated
traffic of 2.5 million vehicles, more than 800 vehicles for
every 1000 inhabitants, Pb, Cu, Cd, and Znmainly derive
from the corrosion of vehicle chassis and from tires and
brakes wear rather than from the combustion of oils and
fuel (Sternbeck et al. 2002; Grigoratos and Martini
2015). Moreover, although lead was removed from
gasoline, its long use and persistence in the environ-
ment has concentrated this element in urban areas, and
higher lead concentration values were measured in
soils collected near roads with high traffic volume
(Ajmone-Marsan and Biasioli 2010; Massadeh and
Snook 2002). From the results shown in Table 5,
VB1T soil, sampled along the NE border of Villa
Borghese near a main road of Rome, where stop and

go traffic occurs, is characterized by extremely high
metal contents. On the other hand, lower metal con-
centrations were measured in soils sampled in the
inner parts of the park (for example, VB3T sample);
in fact, as expected and also reported in previous
papers (Cinti et al. 2002; Calace et al. 2012), the metal
content of soils generally decreases with the distance
from traffic roads. In regard to the results obtained for
the soils sampled in the two parks of Novi Sad, the
studied elements (Pb, Cu, Cd, and Zn) do not
exceeded the limit values for uncontaminated soils
and only in the case of Zn, for two soil samples
(NSZ1T and NSZ3T, Table 6), the measured concen-
trations exceeded the target value of 140 mg kg−1.
Moreover, although unleaded fuels have been intro-
duced recently, Pb levels in soils are lower than in
Rome and, as expected, this is an evidence of both a
lower contribution due to the vehicular traffic and a
different nature of the soil. Comparing the soil metal
concentrations in both Novi Sad parks, we noticed
slightly higher metal contents in Zeleznicki Park soils,
which can be justified considering the park location in
an area between the railway, a traffic main road, and a
bus station.
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Evaluation of bioavailability by one-step extraction

Metal mobility in some soil samples, measured with the
rapid screening test directly in the field during the sam-
pling campaign, is shown in Fig. 2. The concentrations
expressed as mmol kg−1, without distinguishing among
the elements, were calculated using the calibration curve

(Fig. 3) obtained by the titration of multi-element stan-
dard solutions (prepared considering the most usual
ratio in urban soil samples). Figure 4 compares the
results of the rapid screening method with those of
metal availability of the same soil samples obtained
using DTPA and performing the extractions in the
laboratory.
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Pb, Cu, Cd, and Zn with the rapid
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To facilitate a comparison between the two proce-
dures, the concentrations of the extracted metals using
the DTPA conventional method of the studied soil sam-
ples were expressed in mmol kg−1.

The metal availability results obtained with the two
methods show a similar trend, demonstrating that our
rapid screening test is consistent with the reference
method based on DTPA soil extractions used for the
evaluation of metal phytoavailability. Moreover, it is
interesting to observe that, although the behavior of
the screening test versus DTPA extractions in the two
set of soils sampled in Rome and Novi Sad, respectively,
was different (in VB, DZ < DTPA, in NS Dz > DTPA),
trends were similar in the same soil subgroup. The lower
concentrations of extracted metals obtained with the
rapid test in all samples from Villa Borghese is the
evidence of a lower presence, in these soils, of the
reducible fraction (bound to Fe and Mn oxides) with
respect to the soil samples of Novi Sad. Data agreement

is clear, as illustrated in Fig. 5a, b, where the metal
concentrations extracted and measured using our meth-
od are plotted versus those obtained via the DTPA
method, respectively, for the soils sampled in Villa
Borghese in Rome and for those sampled in the two
parks of Novi Sad.

BCR three-step sequential extraction procedure

Considering the results obtained with our rapid test
used directly in the field during the sampling activities
in the parks of Rome and Novi Sad, we investigated
two samples using a conventional procedure usually
applied in metal mobility studies. The selected top
soils were VB3T for Villa Borghese and NSZ1T, col-
lected in the park of Novi Sad. The two samples were
selected because the concentrations of the studied
elements were quite similar.
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The operationally standardized BCR three-step se-
quential extraction procedure was chosen to extract
these two samples.

Due to the fact that both the DTPA extraction proce-
dure and the field test cannot extract the residual frac-
tion, this fraction is not considered in the discussion.
Moreover, also the fraction of step 1was relatively in-
significant, as shown in Table 7. Figure 6 summarizes in

graphs the distribution, expressed in mg kg−1, of the
different fractions (only step 1, step 2, and step 3) for the
amounts of Pb, Cu, and Zn sequentially extracted from
the studied samples.

As shown in Table 7, the VB3T sample showed 66%
of residual fraction and about 22% of reducible (step 2)
fraction for Pb, while NSZ1T for this element showed
25% of residual fraction and about 61% of fraction

Table 7 Percentage distribution of Pb, Cu, and Zn between the BCR fractions (step 1, step 2, step 3, and residue) in the two selected sample
soils VB3T, collected in Villa Borghese, and NSZ1T, collected in Zeleznicki Park

Pb Cu Zn

VB3T NSZ1T VB3T NSZ1T VB3T NSZ1T

% Step 1 0.54 1.2 0.5 1.2 0.9 7.3

% Step 2 22 61 1.2 61 7.0 30

% Step 3 7.2 12 7.6 12 < LOQa 16

% Residue 66 25 88 25 98 47

a LOQ, limit of quantification for Zn, expressed as percentage, was 0.1%
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related to step 2. The same behavior was observed for
the two soils by the distributions between residual and
reducible fractions of Cu (which, as expected, revealed
particularly high (bio)availability) and Zn levels.

These results are in good agreement with those of the
screening test and the DTPA extraction results previous-
ly discussed.

The VB3T soil sample was collected from the inner
area of the park, far from possible sources of traffic
contamination; in fact, the total concentrations of the
metals analyzed in this soil sample were lower than
those measured for the other collected soils. The
amounts of Pb, Cu, and Zn, sequentially extracted from
the sample NSZ1T, collected in Zeleznicki Park, were
appreciably high, although the total content of metals
measured for this sample was rather low; therefore,
metal availability, shown by this soil sample, could be
explained taking into account vehicular traffic as source
of pollution as well as the large additional contribution
to the anthropogenic contamination related to former
industrial activities in this Serbian town.

Simplifying, the urban soils collected in Villa
Borghese Park in Rome are characterized by relatively
high natural metal concentrations due to the presence of
a volcanic parent material naturally enriched with some
heavy metals (Salzano et al. 2008) and, in some case,
enhanced by anthropogenic pollution mainly associated
to vehicular traffic. In Novi Sad, soils mostly derive
from alluvial and aeolian sediments (loess) with very
low metal contents, so that their presence in the soils of
this town, even if relatively lower compared to Rome,
could be also related to previous industrial activities
absent in Rome. This different behavior of metals in
the soils of these two cities can be explained by the
different anthropogenic inputs, which are usually re-
sponsible for a higher mobility regardless of the total
concentration of an element.

Conclusions

The reasonable concordance between the set of results
obtained using standardized laboratory procedures and
the proposed in-field screening method has been proved
during the sampling of urban soils in Villa Borghese
Park in Rome and in two parks of Novi Sad. The
screening method provides sufficiently rapid and reli-
able information on the amount of potentially toxic
metals that can be mobilized from the soil in natural

conditions and potentially generate risks to the environ-
ment. Fast and easy to use in-field methods, as the one
proposed, allow a proper screening with reliable results,
and only few samples were subjected to validation by
more time-consuming and costly laboratory analyses. In
this way, we reached our goal of matching the need,
typical of the early stages of remediation, of reliable and
rapid responses at socially and economically acceptable
costs, balancing the requirements of risk assessment and
risk management.
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