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• Statistical approach was used to define 
the geochemical baseline in the Sicily 
region.

• The geochemical baseline was deter-
mined using UTL95-95 values by 
ProUCL 5.1 software.

• Regional baseline value for each trace 
elements are suitable for the Sicily 
region.

• Geochemical maps using geostatistical 
method provided values in unsampled 
areas.

• Baseline values provide a statistical way 
to assess contamination in topsoils.
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A B S T R A C T

This study proposed an approach to determine the geochemical baseline values in topsoils. The chosen study area 
is Sicily (Italy), a region characterized by significant lithological heterogeneity. Eighty-three topsoil samples 
were collected at several sites away from potential anthropogenic pollution sources. The concentrations of 
potentially toxic elements (As, Cd, Cr, Cu, Mo, Pb, Sb, V, and Zn) were quantified via inductively coupled plasma 
(ICP-MS). The elements showed median concentrations in the range 68.8–0.23 μg g−1 and the trend of abundance 
was: Zn > V > Cr > Cu > Pb > As>Mo > Sb > Cd. Regional geochemical baseline values for trace elements were 
determined using statistical methods (Me±2MAD; P95 and UTL95–95). The use of UTL95–95 was found to be the 
most suitable, obtaining appropriate geochemical baseline values for the entire region, regardless of lithology. 
The spatial distribution of the elements was determined by stochastic simulations on a convex-concave boundary 
with a resolution of 5 km, obtaining detailed geochemical maps that predict the distribution of concentrations of 
each element even in unsampled areas. The results of this study provide a methodology for a more correct 
assessment of the environmental contamination status of soils.
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1. Introduction

Trace elements in soils are found as derived from natural sources 
related to processes such as weathering of rocks and volcanic eruptions, 
as well as from human activities such as mining, industrial processes, 
and the use of fertilizers and pesticides. PTEs, or Potentially Toxic Ele-
ments (Pourret and Hursthouse, 2019), occur naturally in the soil at 
trace levels. When these elements accumulate in soils, they can be taken 
up by plants, entering the food chain and potentially impacting human 
health (He et al., 2005; Karn et al., 2021; Cicchella et al., 2022; Varrica 
et al., 2022).

The availability of PTEs in soils depends on many factors, such as the 
mineralogical composition of the bedrock (Cabral Pinto et al., 2017), 
environmental conditions (Bini et al., 2011), and pedogenic processes. 
Several studies have demonstrated that soil properties significantly in-
fluence the background values and behavior of potentially toxic ele-
ments in soils (Li et al., 2022; Xu et al., 2022). These properties include 
pH, clay content, iron and aluminum oxides, organic matter (Fernandes 
et al., 2018; Ramos-Miras et al., 2014; Souza et al., 2017; Zhang et al., 
2019), mineralogy, and the elemental composition of the soil (de Lima 
et al., 2020). The determination of geochemical background values is 
necessary to quantify soil pollution status and assess environmental and 
human health risks. This is indeed a complex and critical task in envi-
ronmental geochemistry, essential for attempt to distinguish between 
natural and anthropogenic concentrations of PTEs in environmental 
samples (Matschullat et al., 2000). Establishing the natural background 
levels of heavy metals in soils, which refers to the geochemical 
composition of virgin soils unaffected by human activities, is indeed 
challenging. The difficulty arises primarily because atmospheric depo-
sition can introduce additional trace elements into soils, thereby 
masking their natural geochemical signatures (Cicchella et al., 2005; 
Albanese et al., 2007). In light of this, it is crucial to introduce the term 
of a geochemical baseline presented in 1993 at the International 
Geological Correlation Program as the Global Geochemical Baselines 
(Salminen and Tarvainen, 1997; Salminen and Gregorauskiene, 2000; 
Galan et al., 2008), refers to the natural variation in the concentration of 
an element in the surface environment, at a determined place and time 
(Santos-Francés et al., 2017). This concept includes the geogenic natural 
content (background level) and the anthropogenic contribution to soils 
(Salminen and Gregorauskiene, 2000; Cicchella et al., 2005; Frattini 
et al., 2006; Albanese et al., 2007; Galan et al., 2008). Calculating the 
geochemical baseline is indeed a more practical approach for assessing 
soil trace element concentrations, in the context of the current global 
environmental impact, and provide guidelines and quality standards in 
legislation and policy-making environment (Chen et al., 1999; Facchi-
nelli et al., 2001; Wei and Wen, 2012; Sappa et al., 2020). Despite its 
importance, there is currently no accepted methodology that determines 
the background and baseline values, therefore various approaches are 
used depending on the specific context and objectives of the study 
(Matschullat et al., 2000; Reimann and Garrett, 2005; Gałuszka and 
Migaszewski, 2011). An overview of the methodologies can be sum-
marized shortly in direct, indirect, and integrated approaches (Dung 
et al., 2013; Kicińska and Turek, 2017). In direct methods, also known as 
geochemical methods, the geochemical background value is determined 
by analyzing samples taken in pristine areas before the 19th century or 
from areas presumed to be minimally affected by human activities 
(Baize and Sterckeman, 2001; Gałuszka, 2007). The indirect method-
ologies use a statistical approach (the 95th percentile, Robust Statistics, 
Cumulative Frequency Distribution, and more). The integrated method 
combines direct and indirect methods, statistically analyzing samples 
from non-contaminated areas or characterized by low contamination. 
This produces better statistical results which, combined with geological 
knowledge of the area, make this approach more reliable (Gałuszka, 
2007). Geostatistical methods are considered integrated methods that 
involve the use of techniques such as kriging and spatial interpolation to 
predict background values in regions based on sampled data. 

Environmental geochemical mapping has indeed gained significant 
importance in recent years, in distinguishing anthropogenic pollution 
from natural background values (Plant et al., 2001).

The choice of the Sicily region, considered as a pilot site, was 
determined by the lack of analytical data on the current environmental 
conditions of superficial soils. Therefore, the methodological approach 
used represents the first attempt to define the regional geochemical 
baseline through (1) defining the concentrations of 9 trace elements (As, 
Cd, Cr, Cu, Mo, Pb, Sb, V, Zn), designing a comprehensive sampling plan 
covering the different lithological units across Sicily; (2) propose an 
approach for determining geochemical baseline values in topsoils in 
areas characterized by high lithological heterogeneity; (3) integrate the 
geochemical data from laboratory analyses using geostatistical methods 
to interpolate the data and generate individual maps for each trace 
element (As, Cd, Cr, Cu, Mo, Pb, Sb, V, Zn); (4) define contamination 
levels using the established baseline values and compare them with 
calculated concentrations.

2. Materials and methods

2.1. Study area

The study area is Sicily region (Italy), an island in the Mediterranean 
Sea (Fig.1). According to the Köppen and Geiger classification (Koppek 
et al., 2006), the study area is characterized by a Mediterranean climate. 
The average annual temperature ranges from 11 ◦C to 20 ◦C, and the 
total annual precipitation varies from an average annual value of 385 
mm to 1192 mm (SIAS- Sicilian region: http://www.sias.regione.sicilia. 
it/pdf/Climatologia_sicilia.pdf). Sicily’s complex geological framework 
is characterized by three main structural units due to the presence of 
varying lithospheric parts (Fig. 1). Facing the Tyrrhenian Basin, to the 
north, the emerging Siculo-Maghrebian chain is outlined, whose western 
edge, originating from the deformation of the Meso-Cenozoic Northern 
African continental margin, is made up of several palaeogeographic 
settings in which carbonate deposits prevail (Doglioni et al., 1999).

The eastern side of the region, specifically the Nebrodi and Peloritani 
mountains, is composed of clayey sandstone and metamorphic rocks. 
This area represents the segment of the geological chain that formed 
above the northward-dipping African plate. The South-Eastern part of 
Sicily is occupied by the Hyblean Plateau, which forms part of the un-
deformed foreland of the African Plate. This plateau is primarily 
composed of carbonates and clastic rocks, with some interbedded basic 
volcanites. The central area of the island consists of deformed syn- to 
post-orogenic marine deposits, including the Gessoso-Solfifera Forma-
tion, sandy calcarenite, and marly limestone. The Mount Etna volcanic 
region extends between the northern metamorphic complex and the 
south-eastern carbonate Hyblean Plateau. The volcanic rocks of Etna 
range from alkali basalt to trachyte, although most of the lavas are of 
hawaiitic composition (Liguori and Brucculeri, 2004).

2.2. Soil sample collection and analytical method

A total of 83 topsoil samples (depth of 0–20 cm) were collected far 
from anthropogenic sources (i.e. extra-urban roads, urban areas, in-
dustrial areas, cultivated land) in the Sicilian territory. The sampling 
plan design envisaged the total coverage of the different lithological 
units of Sicily by collecting 65 soils in the sedimentary substrate (SED), 8 
in the volcanic substrate (VOLC), and 10 in the metamorphic substrate 
(MET). The distribution of the samples is shown in Fig. 1. The samples 
were collected using a plastic scoop, stored in PVC packages, and 
transported to the laboratory. They were dried at 105 ◦C in a stove (AG 
System, mod. G-therm) overnight; stones and plant materials were 
removed, and each sample was sieved using 500 μm nylon mesh, then 
milled in agate mortar. Soil analysis was carried out at an accredited 
laboratory “Activation Laboratories Ltd. (Ontario, Canada)”. The topsoil 
samples were digested with a mixture of 3 ml hydrochloric acid and 1 ml 
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of nitric acid. The Activation Laboratories has automated the digestion 
method using a microprocessor designed hotbox to accurately reproduce 
digestion conditions every time. The samples were analyzed for Al, As, 
Cd, Cr, Cu, Mo, Pb, Sb, V, and Zn by ICP-MS. The OREAS-45d (anoma-
lous ferruginous soil), OREAS-922 (low grade copper ore), OREAS-907 
(copper‑gold oxide ore), OREAS-263 (gold oxide), OREAS -130 (sedex 
type Zn-Pb-Ag ore), OREAS-521(iron oxide copper‑gold ore), OREAS- 
620 (volcanic hosted massive sulphide Zn-Pb-Cu-Ag-Au ore), OREAS- 
610 (High Sulphidation Epithermal Au-Cu-Ag Ore) standard reference 
materials were employed from Activation Laboratories Ltd. The metal 
recovery rates of certified elements in the reference standard materials 
were all >92 %. Analytical precision, estimated from duplicate analyses 
every tenth sample was in the range of 15–22 % for all analyzed ele-
ments. The mineralogical characterization of the soils was determined 
semi-quantitatively by X-ray powder diffraction (XRD) using a Philips 
PW14 1373 with Cu-Kα radiation of the Department of Earth and Marine 
Sciences (DiSTeM), University of Palermo.

The measurement of pH values was performed potentiometrically on 
the soil suspensions obtained by adding 25 ml of potassium chloride 1 M 
to 10 g of soil (dry weight). The solution was kept agitated for at least 
two hours and then allowed to sit for 30 min.

2.3. Statistical analysis

The obtained results were analyzed using a multivariate statistical 
approach with the software XLSTAT (version 2023.3.0), R, and Rstudio 
(R Core Team, 2021). The data were explored using statistical parame-
ters of central tendency (mean, median), dispersion (standard devia-
tion), and shape (kurtosis coefficient, skewness index). The normality of 
data distributions was assessed using the Shapiro-Wilk test (W). The 
results indicate that the distribution of the analyzed elements is non- 
normal. All tests were considered significant at p < 0.05. Among the 
dispersion parameters, the robust coefficient of variation (%rCV) was 
used (Ambrosino et al., 2023). The robust coefficient of variation value 

indicates the dispersion of the element that does not follow a normal 
Gaussian distribution. This was calculated as follows: %rCV = MAD/ 
Median×100, where MAD is the Median Absolute Deviation. To inves-
tigate the relationships between trace elements and identify possible 
distinct groups within the data, a principal component analysis (PCA) 
with varimax rotation was performed. To define relationships between a 
couple of variables Spearman’s correlation coefficients (R-value) were 
used. The non-parametric Mann-Whitney test (U) was employed to 
compare differences between two or more independent groups.

2.4. Geochemical baseline, spatial distribution and contamination indices

The methodological approach proposed for the determination of the 
geochemical baseline values and an estimate of the regional elemental 
distribution through stochastic simulations is shown in Fig. 2.

2.4.1. Geochemical baseline
Sicily region is characterized by significant differences in the soil 

chemical composition, resulting from the heterogeneity of the bedrock: 
sedimentary, volcanic, and metamorphic. Therefore, we also decided to 
segment the regional dataset into three sub-datasets: sedimentary (SED), 
volcanic (VOLC), and metamorphic (MET). Two geochemical baseline 
values are proposed for each trace element investigated: one regional 
value, determined from the regional dataset, and one lithological value 
defined for each sub-dataset (Santos-Francés et al., 2017).

Geochemical baseline values for trace elements were determined 
using statistical methods: 

- Me±2MAD (Me: Median; MAD: Median Absolute Deviation), where 
the baseline value is determined as the upper limit of the interval 
(Kicińska and Turek, 2017; Reimann et al., 2005).

- P95: Establishing baseline values at the 95th percentile involves 
identifying thresholds that separate most of the data from the upper 
tail of the distribution, representing low probable outcomes.

Fig. 1. (I) Topsoil samples (red: topsoil from sedimentary bedrock; blue: volcanic bedrock; green: metamorphic bedrock) and main geological domains of Sicily: (a) 
Hyblean units; (b) shelf to pelagic carbonate units; (c) shelf to deep-water carbonate units; (d) deep-water carbonate (Sicanian units); (e) shelf carbonate (Panormide) 
units; (f) slope to deep-water (Imerese-Panormide) units; (g) Miocene Flysch; (h) Sicilide Units; (j) Calabrian-Peloritane units; (k) Miocene–Pliocene syntectonic 
deposits; (m) Plio-Pleistcene syntectonic deposits; (n) Plio-Quaternary volcanic rocks; (p) Pleistocene deposits (modified from Catalano and Sulli, 2011); (II) 
geographical context of study area; (III) main lithological domains of the study area.
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- UTL95–95 BCA Bootstrap (SNPA, 2018): The baseline value is 
calculated using the ProUCL 5.1 software (Singh and Maichle, 2015, 
https://www.epa.gov/land-research/proucl-software), which pro-
vides results based on the type of distribution. In the case of non- 
normal distributions, the non-parametric UTL95–95 value is used. 
UTL95–95 corresponds to the Upper one-sided Tolerance Limit at 95 
% (UTL) with a 95 % coverage (UTL95–95). The BCA bootstrap 
method (Efron and Tibshirani, 1993; Manly, 1997) is used to esti-
mate the upper tolerance limit (UTL), correct bias, and accelerate the 
confidence interval. This method creates multiple bootstrap samples 
from the original data and calculates the upper limit for each sample. 
Subsequently, a bias correction is applied to adjust the results to 
eliminate any systematic distortions in the estimates. This is done by 
comparing the values obtained from the bootstrap samples with 
those of the original sample. Finally, the acceleration of the data is an 
additional adjustment that considers the variability of the data and 
helps make the confidence intervals more accurate.

2.4.2. Spatial distribution
The regional dataset, composed of 83 samples collected on a het-

erogeneous geological area, shows a clustered pattern featured also by 
redundant sampling sites. To generate elemental distributions a deter-
ministic algorithm based on hard data, considered error-free, would 
have as a result a distribution very continuous as with B-spline, low-pass 
filtered or kriging family algorithms (Cressie, 1990) and prone to arti-
facts as in inverse distance weighting. Isolated samples would receive an 
excessive weight in computation leading to widespread, high or low, 
spatial bulging anomalies. To take into account an expected high fre-
quency and short-scale variability in element content in soils, the 
deterministic rules were replaced by a set of covariance spatial laws 
defined through omnidirectional variograms (Goovaerts, 1997). The 
spatial distributions have been calculated through stochastic simula-
tions (Deutsch and Journel, 1998; Gómez-Hernández and Srivastava, 
2021) on a convex-concave boundary at a resolution of 5 km. Due to the 
small number of samples used in variography, the stochasticity could not 
follow the same segmentation as for the baseline calculation, then maps 
were computed for the whole domain. Each of the 1067 cells used to 
discretise Sicily was calculated by dividing it by four sub-cells for 50 
simulations. Biases due to heterogeneous sampling scheme, and asym-
metric probability distribution function, were reduced through simula-
tions performed on the normal space (Deutsch, 1989) by anamorphosis 
to normal standard distribution and then back-transformed to original 
compositional space. The use of this geostatistical technique allows the 
estimation of local uncertainty of the estimated content values in each 
cell of the computational grid.

2.4.3. Contamination indices
The Enrichment Factor (EF) is defined by Yongming et al. (2006) as 

Eq. (1): 

EF =

(
X

Ref

)

sample(
X

Ref

)

baseline

(1) 

where X represents the element of interest and Ref the reference element 
respectively in the sample (numerator) and in the calculated regional 
baseline (denominator). There are no universal fixed rules for the choice 
of reference element, except that it must be immobile and almost 
exclusively of crustal origin. In calculating the enrichment factor, Al, Fe, 
Sc, or Ti are the most used elements as reference. In this study, we used 
aluminum as a reference element based on these considerations: 1) it is 
high natural abundance, and 2) it is easily determined by conventional 
techniques.

The contamination categories based on Enrichment Factor (EF) were 
(Yongming et al., 2006): EF < 2 Deficiency to minimal enrichment; 2 <
EF < 5 Moderate enrichment; 5 < EF < 20 Significant enrichment; 20 <
EF < 40 Very high enrichment; EF > 40 Extremely high enrichment.

The Geo-accumulation Index (Igeo) is used to assess the net accu-
mulation of heavy metals or other chemical elements in sediments or 
soils over time. The Igeo is calculated from Eq. (2) (Suresh et al., 2012): 

Igeo = Log2[Ci/(1.5Bi) ] (2) 

where Ci is the measured concentration of the i-th metal examined in the 
topsoil sample, and Bi is the baseline level of the i-th metal. Factor 1.5 
was used to correct possible variations in the background values of a 
particular metal in the environment (Santos-Francés et al., 2017). Ac-
cording to Müller (1969), the Geo-accumulation index (Igeo) consists of 7 
classes: uncontaminated (Igeo ≤ 0), uncontaminated to moderately 
contaminated (0 < Igeo ≤ 1), moderately contaminated (1 < Igeo ≤ 2), 
moderately to heavily contaminated (2 < Igeo ≤ 3), heavily contami-
nated (3 < Igeo ≤ 4), heavily to extremely contaminated (4 < Igeo ≤ 5) 
and extremely contaminated (Igeo > 5).

3. Results and discussion

3.1. Characterization of topsoils

The relative proportion of minerals recognized in the soil samples 
reflects the heterogeneity of the types of soils and the different geolog-
ical environments of formation. In the samples associated with a 

Fig. 2. Project work plan.
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sedimentary bedrock, calcite and clay minerals, such as kaolinite, illite, 
smectite, and chlorite, were the prevailing minerals, followed by 
plagioclase and quartz. These mineral associations characterize the 
sedimentary rocks of the study area, which are predominantly carbonate 
and clayey (Dongarrà and Ferla, 1982; Barbera et al., 2011; Saccà et al., 
2011). In the soil samples collected in volcanic bedrock, the plagioclase 
is identified as the main component, followed by quartz and clinopyr-
oxene, in agreement with the literature data, which identify the same 
mineral associations in the rocks of the Iblean Plateau and the Etnean 
area (Peccerillo, 2005; Mollo et al., 2011). In the topsoils associated with 
a metamorphic bedrock, illite and plagioclase are predominantly pre-
sent, with calcite and quartz in subordinate amounts, and muscovite and 
chlorite as alteration products. These mineral associations are typical of 
the metamorphic rocks characterizing the study area, such as phyllites, 
gneisses, amphibolites, mica schists, quartzites, and metabasalts 
(Bonardi et al., 1982; De Vivo, 1982; Barbera et al., 2009; CARG, 2011).

The pH values determined in the soil samples showed values between 
5.9 and 7.2. Based on the USDA (2017) classification, soil samples that 
fall in the range of 5.6–6.0 are defined as moderately acidic. This cate-
gory includes 15.4 % of the samples that were collected in areas char-
acterized by clayey bedrock/marly clay. In the pH range 6.1–6.5, they 
are defined as weakly acidic soils and correspond with samples taken in 
volcanic and metamorphic areas (15.4 % of total samples). Finally, 
samples included in the range 6.6–7.3 are classified as neutral and 
involve soils that insist on carbonate rocks corresponding to 69.2 % of 
the total samples. According to the literature, the variations in soil pH 
are influenced by the parental materials (Reuter et al., 2008; Gruba and 
Socha, 2016). The sedimentary rocks produce neutral-alkaline soils, 
while crystalline bedrocks tend to produce acidic soils (Fabian et al., 
2014).

In Table 1 are reported the main statistical parameters of the trace 
elements measured in the topsoil samples grouped as a single dataset. 
The results of the Shapiro-Wilk normality test (p < 0.05) suggest an 
asymmetric distribution for all elements. The calculation of the skew-
ness index shows a right-handed skewness for all elements. The values of 
the kurtosis coefficient indicate platykurtic-type distributions for Cr, Cu, 
Pb, and Zn. The other elements show a value indicative of leptokurtic- 
type distributions. The elements showed median concentrations in the 
range 68.8–0.23 μg g−1 and had the following order of abundance: Zn >
V > Cr > Cu > Pb > As>Mo > Sb > Cd. To evaluate the variability of the 
data, it calculated the robust coefficient of variation (%rCV). In general, 
a lower %rCV value corresponds to less relative variation in its con-
centrations. In contrast, higher %rCV values suggest that the median 
absolute deviation (MAD) is relatively large compared to median values, 
indicating a greater degree of variation in element concentrations. The 
robust coefficient of variation calculated for As, Cd, Cr, Cu, Mo, Pb, Sb, 
V, and Zn in topsoil samples showed wide variability for all elements 
(>30 %) as defined by Ambrosino et al. (2023), highlighting the litho-
logical heterogeneity of the study area. A Principal Component Analysis 
(PCA) was performed to identify the different lithological domains in the 
total dataset (Table 2). The PCA indicates that the first three factors can 

explain approximately 63 % of the variance. Factor 1, which shows high 
positive loadings of elements V, Cu, Zn, and Pb, accounts for 30.7 % of 
the total variance in the dataset. Due to the dominance of these ele-
ments, we can identify this factor with a volcanic-metamorphic envi-
ronment. Previous studies in the Etna area and the Peloritani mountains 
confirm the association of these trace elements (De Vivo et al., 1993; 
Aiuppa et al., 2000). The dominant elements in factor 2 are As and Sb 
(16.3 % of the total variance). This factor is mainly attributed to poly-
metallic mineralizations with As and Sb sulfides present in metamorphic 
rocks of Peloritani Mountains (De Vivo et al., 1993; Ferla and Omenetto, 
2000; Dongarrà et al., 2009). The profile of factor 3, which accounts for 
a further 16 % of the remaining variance, is essentially determined by 
Cd, which can be attributed to a sedimentary environment. The presence 
of Cd in sedimentary rocks has been found in several studies (Rambeau 
et al., 2010; Kubier et al., 2019). Giacalone et al. (2005), in the study 
area observed a greater presence of this element in brown soil on 
limestone and flyshoids sequence.

A relation among the trace elements was evaluated by a Spearman 
correlation matrix. The elements mostly show positive correlations. A 
highly significant statistical correlation with R > 0.60 (p < 0.05) was 
found between five elemental associations as As–Cr, Cr–V, Cu-V-Zn, 
Pb–Zn, and V–Zn. The correlations found as shown in Fig. 3 provide 
information on geochemical behavior and environmental distribution of 
trace elements. To evaluate whether there are compositional differences 
for the elements studied between the three lithological groups that 
characterize the Sicily region, the regional dataset was slitted into three 
sub-datasets: sedimentary (SED), volcanic (VOLC), and metamorphic 
(MET). The statistical distributions related to these sub-datasets are 
shown in Fig. 4. Statistical significant differences were determined by a 
non-parametric Mann-Whitney test (U) (p < 0.05). Different letters 
above each boxplot indicated significant differences (Fig. 4). Statisti-
cally significant differences are detected for Cu, V and Zn when 
comparing the SED-VOLC datasets and Cu–Zn between the SED-MET 
datasets. Besides the Cu, the U test does not report statistically signifi-
cant differences between the VOLC-MET dataset. The higher median Cu 
and V concentrations in the volcanic soil samples highlight the direct 
influence of pedogenic processes in the basaltic rocks surrounding the 
Etna volcano (Aiuppa et al., 2000). Elements such as Cr and Zn are more 
abundant in samples belonging to the metamorphic domain. Their 
presence is also associated with the sulfide mineralizations in the 
Peloritani mountains (Ferla and Omenetto, 2000; Dongarrà et al., 2009). 
Therefore, the content of trace elements is characteristic of the sub-
stratum present.

3.2. Determination of geochemical baseline values and distribution maps

The calculations to evaluate the regional geochemical baseline were 
performed using three non-parametric statistical methods to account for 
the non-normal distributions of elements in all datasets. The methods 

Table 1 
Statistics of trace element content in topsoil samples. Concentration data 
expressed in μg g−1.

Mean Median Range Kurtosis Skewness %rCV

Al 20,399 19,400 68.0–91,006 6.56 2.08 31
As 7.48 4.50 0.17–113 45.2 6.24 42
Cd 0.44 0.23 0.04–4.30 21.3 4.02 35
Cr 30.5 28.0 3.64–94.0 1.06 0.97 46
Cu 31.3 25.7 3.91–130 3.87 1.81 53
Mo 1.54 1.16 0.40–12.5 26.1 4.54 34
Pb 20.4 16.5 1.50–111 12.4 2.78 44
Sb 0.55 0.40 0.07–7.75 63.9 7.56 45
V 44.9 40.0 1.00–238 8.49 2.23 50
Zn 68.5 68.8 0.50–251 2.26 1.05 42

Table 2 
Principal Component Analysis (PCA) for the metals and metalloids. Factor 
loadings and communalities for the first three factor, after Varimax rotation. 
Only factor loading values >0.7 are considered. Expl.Var: explained variance; % 
Var: % of variance.

Factor 1 Factor 2 Factor 3

As −0.057 −0.247 0.813
Cd −0.042 0.797 −0.015
Cr 0.622 −0.393 0.013
Cu 0.762 −0.104 −0.108
Mo −0.193 0.652 −0.017
Pb 0.707 0.176 0.199
Sb 0.131 0.195 0.819
V 0.761 −0.306 −0.134
Zn 0.810 −0.129 0.193
Expl.Var 2.761 1.466 1.441
% Var 30.7 16.3 16
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used were Me±2MAD, the calculation of the 95th percentile, and the 
UTL95–95 value calculated using ProUCL 5.1 software. From the com-
parison of the methodologies to evaluate a regional geochemical base-
line (Table 3), it is observed that the values determined with the MAD 
method generally appear more conservative than the other two 
methods. This observation is in full agreement with Reimann et al. 
(2005), who deduced that the Me±2MAD method tends to provide lower 
baseline values than other methods. The regional geochemical baseline 
calculated with the other two methods appears to be comparable for 
many elements. The 95th percentile is simpler but less robust to data 
distortions, while the UTL95–95 method with BCA bootstrap is more 
robust as it considers variability and bias in the data. Therefore, among 
the applied methods UTL95–95 is the most suitable to evaluate upper 
limits in quality control and environmental monitoring contexts. The 
concentration of elements exceeding the corresponding UTL95–95 
values may indicate natural deposits of elevated metals and/or anthro-
pogenic inputs (Crane, 2021). Additionally, UTL95–95 values can be 
used to monitor future trends in surface soils over time if sampling 
techniques, soil depth intervals, and methods for determining 
geochemical baseline values remain consistent (Crane, 2021). Consid-
ering this, the UTL 95–95 method was also used for determining the 
litho-baseline in the three sub-datasets (SED-VOLC-MET).Table 3 shows 
the regional baseline and litho-baseline geochemical values. The data 
comparison highlights agreement between the calculated values of the 
regional baseline and the litho-baseline in the sedimentary sub-dataset. 
At the same time, slight deviations are observed for some elements in the 
remaining sub-datasets. Especially, deviations for Cd and Mo in the 
VOLC dataset compared to the regional dataset of about −30 %, for Mo 
in the MET dataset of about −22 %, and for As in the SED dataset of 

about +25 % were calculated. It is therefore possible to consider the 
appropriate regional geochemical baseline for the entire region, 
regardless of lithology, while being aware that this may lead to un-
derestimations or overestimations of these elements in the estimation of 
contamination indices.

In order to obtain the spatial distribution of PTE concentrations, and 
to suggest an alternative way of featuring the baseline with a local point 
of view, a set of geochemical maps was created. This has been done 
through geostatistical method that allowed us to predict the spatial 
distribution of the concentrations of each PTE in the unsampled areas in 
a discrete element, based on the values of the collected samples. The 
database used to calculate the geochemical numerical model consists of 
83 samples, distributed within the regional territory according to a 
random scheme. The numerical distribution is based on a probabilistic 
approach based on stochastic simulations. The development of a 
regionally extended numerical tool is closely related to the quantifica-
tion of baseline values. The applied numerical model reports the spatial 
statistical distributions of the analyzed elements (As, Cd, Cr, Cu, Mo, Pb, 
Sb, V, and Zn). As a result of the stochastic process over 50 simulations 
for each selected element, considering sub-cells subdivision, each cell of 
the spatial distribution model contains 200 values. Based on this dataset 
we are enabled to build a cumulative probability distribution function 
from where we extract the relevant statistical moments as Q1, mean, 
median, Q3 and 95th percentile (labeled as P95). P95, that is often 
chosen as a relevant threshold to identify extreme values as possible 
evidence of geochemical anomaly, is, appropriately plotted in Fig. 5. The 
representation of the elemental distribution shows a close relationship 
with the bedrock lithotypes.

The contamination status of the surface soil layer was assessed by 

Fig. 3. Spearman correlation matrix of variables measured at the soil sample.
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comparing the Enrichment Factor (EF) and the Geoaccumulation Index 
(Igeo). The classical formulation of the EF according to Zoller et al. 
(1974) envisaged the use of crustal concentrations as reference values. 
Among the critical issues of the use of the EF is the choice of the refer-
ence substrate (Reimann and de Caritat, 2000, 2005), since the 
composition of the earth’s crust differs profoundly from the 

representative composition of the rocks of the study area. Previous 
studies (Yongming et al., 2006; Sierra et al., 2015) have shown that 
using baseline values as a reference is a good alternative for the calcu-
lation and interpretation of the enrichment factor when the local rock/ 
soil values for the study area are unknown. In this study, EF values were 
calculated for all samples using the regional geochemical baseline values 

Fig. 4. Boxplots for each trace element distribution within the sub-dataset. SED: sedimentary soils; VOLC: volcanic soils and MET: metamorphic soils. Boxes delineate 
interquartile range (25–75 %) with an indication of the median (solid line) and mean value (small square inside the box). Whiskers indicate 10–90 % range. The 
asterisk symbols indicate the minimum and maximum values. The different letters upper each boxplot indicate the significant differences (p < 0.05). Data are 
expressed in μg g−1.

Table 3 
The MAD, P95, and UTL95–95 methods were employed to calculate the regional geochemical baseline values of trace elements. Additionally, the UTL95–95 method 
was used to determine the lithological baseline values of these trace elements.

Regional geochemical baseline Lithological baseline (UTL95–95)

MAD P95 UTL95–95 Sedimentary Metamorphic Volcanic

Al 31,200 36,785 41,414 50,403 31,300 38,400
As 8.00 15.0 11.8 19.8 15.0 9.00
Cd 0.37 1.12 1.16 1.25 1.01 0.62
Cr 53.5 54.6 58.1 58.9 54.0 76.8
Cu 51.8 63.9 62.9 63.2 70.2 58
Mo 1.85 3.56 3.96 4.23 2.52 2.10
Pb 30.0 40.7 41.3 42.3 34.9 35.3
Sb 0.74 1.05 1.14 1.14 1.00 1.12
V 71.0 86.3 88.2 91.0 89.0 102
Zn 126 116 124 116.4 158 116
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Fig. 5. Distribution map of PTEs. Data expressed in μg g−1.
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as a reference value.
In Fig. 6, box plots were used to synthetically represent the statistical 

distribution of the enrichment factor. A chromatic scale, from lightest to 
darkest, was used to highlight the increase in the enrichment factor. The 
enrichment factors distribution shows that median values calculated 
with the regional baseline are all <2 and can be classified as “Minimally 
Enriched Deficiency” according to Yongming et al. (2006). Some ele-
ments (As, Cd, Mo, Pb, Sb, V, and Zn) show maximum values higher than 
5. Based on the classification of Yongming et al. (2006) they should be 
considered “significant enrichment”. The anomaly found in these ele-
ments can be explained by the heterogeneity of the parent material that 
outcrops in the study area. In particular, Cd is influenced by flysch and 
carbonate rocks; as for the elements listed above, their enrichment is 
consequent to the presence of volcanic and metamorphic rocks.

The Geo-accumulation index (Igeo) is calculated for each element, 
using the determined regional baseline as Bi. An alternative evaluation 
of the Igeo, aimed at highlighting the geochemical imprint and compo-
sitional variability at the local scale of a single soil sample, can be per-
formed considering a locally variable Bi, as suggested by the P95 
distribution derived from probabilistic maps (Fig. 5). In Fig. 7 are 
compared the Igeo values of all soil samples labeled by their lithotype 
domain (SED, VOLC, MET), calculated with a locally variable Bi as P95 
of the stochastic maps on the x-axis and with a constant regional base-
line, Bi on the y-axis.

Each diagram is partitioned into four domains (I, II, II, IV) by the 
0 value and bisected by the 1:1 identity line of Igeo-P95 versus Igeo-baseline 
values which split each axis in the uncontaminated-contaminated 
domain. By comparing these two values, there is no misclassification 
of absolute values, as there is no “true” Igeo, but rather an assessment of 
how local effects on PTE content can affect the index relative to a 
regional baseline. The plots in Fig. 7 provide twofold information, one 
on the consistency between the results obtained by the two methods, and 
a second about the over- or under-estimation of one method by the 
other. In the green area marked I, the two Igeo’s predict the same con-
dition of non-contaminated soils, while the red area marked III high-
lights the contamination, with all points below or above zero Igeo. In the 
blue areas, marked as II and IV, the comparison of the two values sug-
gests if the local geological conditions can affect the metal content, 
particularly evaluating the distance of a point from the identity line and 
from the uncontaminated-contaminated limits. The behavior of the 
points cloud in each plot is mostly monotonic showing a trend close to 

the identity line apart from the arsenic, and with soils in sedimentary 
lithotypes that demonstrate generally lower Igeo magnitudes for both 
methods if compared with other lithotypes. The pattern of Sicily soil 
samples used in the paper, as shown in Fig. 7, proves quite robustly that 
media does not suffer from an anthropic bias. In the plots of As, Cd, and 
Sb very few samples fall in the III quadrant (contamination) highlighting 
the strong dependence on the parent rock. A cluster of volcanic samples 
for Cu classified as contaminated using a regional baseline, is considered 
differently acceptable on a probabilistic framework with Igeo < 0. The 83 
samples used in the mapping and plotted in Fig. 7, stratified by lith-
otype, are used as a pattern background for comparison with 5 samples 
recently collected on metamorphic rocks in the Peloritani chain (un-
published, personal communication Federica Lo Medico). The point lo-
cations of these new samples in Fig. 7 are consistent with the previous 
dataset, with an overlap that, for Pb, indicates a good agreement with a 
regional trend. In fact, an underestimation of the Igeo-baseline is contrasted 
with an overestimation with respect to Igeo-P95 for soil samples collected 
in sedimentary, volcanic, and metamorphic outcrops. Two samples are 
classified as slightly contaminated by both methods to the far right of the 
trend.

A comparative analysis of regional baseline values with respect to 
European threshold levels, such as those for agricultural soils (Reimann 
et al., 2014), the European ESDAC project (Panagos et al., 2022) and the 
Italian legislation (D. Lgs 152/, 2006), as illustrated in Table 4, clearly 
highlights that the regional approach offers more specific and mean-
ingful indications than the general European conditions. The regional 
baseline values with respect to the Italian legislation data are all lower, 
while with respect to the threshold value ranges provided by the Euro-
pean Community and ESDAC, our data are close to the minimum values. 
Considering this, it can be concluded that regional values provide a more 
accurate indication of soil quality than the general European values, 
which may not adequately reflect the specific conditions of an unpol-
luted area and local geological characteristics. This approach allows a 
more targeted and reliable assessment of environmental contamination 
and supports a more effective land management.

4. Conclusion

Trace elements in soil can originate either from the natural weath-
ering of rocks or from pollution resulting from human activities. Dis-
tinguishing between natural levels and anthropogenic inputs is essential, 
as these values vary depending on the region and the scale of the area 
being studied. Therefore, geochemical soil monitoring plays a key role in 
assessing the natural concentrations of heavy metals in soil, which are 
linked to parent materials and potential enrichment from human 
activities.

In this study the methodological approach used represents the first 
attempt to define the geochemical baseline in the Sicily region. The 
study area is characterized by a large geological heterogeneity and by 
the lack of data on the concentration of trace elements in surface soils. 
The values of the regional geochemical baseline were determined using 
a statistical approach by selecting the UTL95–95 value calculated using 
the ProUCL 5.1 software. The determination of these values can provide 
a more accurate indication in the determination of some environmental 
contamination indicators that allow to verify the possible origin of trace 
elements. The use of geochemical maps calculated with the geostatistical 
method provided a spatial distribution of PTE concentrations, high-
lighting how the lithology of the rock substrate governs their distribu-
tion and providing values also in areas not covered by sampling. A 
comparison between Igeo values based on stratified regional (statistical) 
and local (probabilistic) baselines can help to understand the need for 
deconvolution between natural and anthropogenic signals. This study 
effectively defined metal concentrations, established geochemical 
baseline values, created detailed geochemical maps and can provide 
valuable information to environmental databases to help in the man-
agement of soil contamination in Sicily. The inappropriate use of 

Fig. 6. Boxplots for Enrichment Factor (EF) value for each trace element. Boxes 
delineate interquartile range (25–75 %) with an indication of the median (solid 
line) and mean value (small square inside the box). Whiskers indicate 10–90 % 
range. The asterisk symbols indicate the minimum and maximum values.
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normative values from environmental legislation of other countries or 
regions leads to a biased assessment of environmental impact, consid-
ering that the trace element content in soil is highly variable and 
strongly dependent on the parent rock.
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