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Abstract: In this paper, we report the quantification of potentially toxic elements (PTEs) hosted into
two tremolite asbestos from Episcopia and San Severino Lucano villages (Basilicata region, Southern
Italy). Micro X-ray fluorescence and Inductively Coupled Plasma spectroscopy with Optical Emission
Spectrometry techniques were used to quantify the concentration of major, minor (Si, Mg, Ca, Al,
Fe, Mn) and trace elements (As, Ba, Cd, Co, Cr, Cu, Li, Mo, Ni, Pb, Sb, Sn Sr, Ti, Te, V, W, Zn, Zr),
with the aim of providing available data useful for the determination of the asbestos fibers toxicity.
Results show that in the two studied samples there exist high concentrations of Fe, Mn, Cr and Ni
which could lead to the high toxicity of the mineral fibers. By considering the pseudo-total PTEs
amounts in each tremolite asbestos, it is possible to affirm that one of the samples is more enriched in
toxic elements than the other one (3572 ppm versus 1384 ppm). These PTEs can represent a source
of risk to human health since they may be transported away from the geological outcrops, through
asbestos in the air, water and soils and thus encountering the human body.

Keywords: potentially toxic elements; tremolite asbestos; trace elements; Basilicata region; south-
ern Italy

1. Introduction

“Asbestos” is a commercial term that includes six fibrous silicate minerals. The
Italian law established that chrysotile, actinolite, tremolite, amosite, anthophyllite and
crocidolite were included under the definition of asbestos (i.e., regulated asbestos) [1].
Epidemiological studies proved that the development of pathologies, such as malignant
mesothelioma and lung cancer, is often linked to occupational or environmental exposure to
asbestos [2]. Although many countries have banned the use and marketing of asbestos [3],
the environmental exposure of populations still represents an unsolved concern. In addition
to asbestos-containing materials (ACMs) that, if not properly handled, release fibers into
the atmosphere, the natural occurrence of asbestos (NOA) represents an important source
of fibers dispersion. The global territory is interested in the widespread presence of NOA
outcrops (e.g., USA, Canada, India, China, Italy, Spain) [4,5] that may be disturbed by
natural weathering processes (e.g., erosion) or by human activities (e.g., road construction,
excavation, agricultural activities) and release dust containing respirable fibers into the
atmosphere [6]. The risks to human health are represented by the potential inhalation of the
fibers that become airborne. Depending on their size, the fibers can penetrate deeply into
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the lung alveoli and can no longer be eliminated [7]. Once inhaled, the fibers are in contact
with body fluids, which promote their physical–chemical transformation. Depending on
parameters such as bio durability and bio persistence, biological reactions may require a
shorter or longer time. For instance, it was demonstrated that chrysotile is less bio durable
than amphibole asbestos, as well as the retention (bio persistence) of amphiboles in the
lung, is higher than chrysotile [8].

To date, it is not completely understood the mechanism by which these fibers induce
adverse effects on human health as well as on the environment. Major difficulties in under-
standing arise from the wide variability of the size, bio durability, molecular arrangement,
surface reactivity and chemistry of asbestos fibers [8].

However, it is accepted by the scientific community that, in addition to many other
interacting factors, the potentially toxic elements (PTEs) content may contribute to increas-
ing the toxic potential of those fibers which have a high dissolution rate [8]. For instance,
Dixon et al. [9] present the results of an in vitro study relating to the effects of chrysotile
asbestos and heavy metals on the BP hydroxylase system, supporting the hypothesis that
trace metals play an active role in the induction of asbestos cancer while the passive role
as the metal carrier is played by asbestos fibers. Moreover, epidemiological studies and
experimental evidence, provide indications of the possible onset of lung cancer due to the
action of heavy metals [10,11]. Asbestos minerals are capable to host PTEs (i.e., Fe, Cr, Ni,
Mn, Co) [12,13], which can be released into the intracellular or extracellular environment
during dissolution processes and induce lung cancer [14]. Literature studies, highlighted
the importance of the quantification of toxic elements present in asbestos fiber structures
since it can be considered an important factor that provides a contribution to the fibers
toxicity [15,16]. For instance, it was proved that the presence of PTEs increase the risk of
developing lung disease in animals and people that have been exposed to asbestos contain-
ing large amounts of Ni, Cr, Co, Cu and Mn [9,17,18], as well as other research, showed
that, even in trace amounts, the presence of Fe and its structural coordination may induce
cyto- and genotoxic effects, thus covering an important role in asbestos toxicity [19,20].
Recently Gualtieri [8], proposed a model on asbestos toxicity, based on parameters such as
their physical/chemical and morphological characteristics and stating the importance of
quantifying the PTEs present within asbestos. Considering that the presence of PTEs within
the mineral structure are primary factors for pathological effects, the identification and
quantification of PTEs bearing asbestos tremolite in the investigated area are of paramount
relevance for modeling the reactivity of such fibers.

In this scenario, for the first time, this work aims to determine the PTEs concentration
in tremolite asbestos from the Basilicata region (Southern Italy), using micro X-ray Fluo-
rescence (µ-XRF) and Inductively Coupled Plasma spectroscopy with Optical Emission
Spectrometry (ICP-OES).

2. Materials and Methods

In the present study, tremolite asbestos coming from serpentinite rocks cropping out
in the surroundings of San Severino Lucano and Episcopia villages (Basilicata region,
southern Italy), were investigated. The mineralogical characterization of the tremolite
samples has already been carried out by our research group and published elsewhere [6,21].
More specifically, TR-EPS comes from the sample E10 [21] and TR-SSL comes from the
sample S18 [6]. The sample E10 is characterized by the presence of tremolite and talc [21]
whereas sample S18 mainly consists of tremolite and minor chrysotile and chlorite [6].

With the aim of avoiding the possible contamination by other mineral impurities,
the collected samples: (i) asbestos tremolite from Episcopia village (sample TR_EPS) and
(ii) asbestos tremolite from San Severino Lucano village (sample TR_SSL), were selected
using binocular microscopy and then analyzed by µ-XRF and ICP-OES to determine the
concentration of major, minor (Si, Mg, Ca, Fe, Al, Mn) and trace elements (As, Ba, Cd,
Co, Cr, Cu, Li, Mo, Ni, Pb, Sb, Sn Sr, Ti, Te, V, W, Zn, Zr). It is worth specifying, that
even though the manual removal of impurities under the microscope, it is not possible to
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exclude the presence of nano-sized those ones and consequently their small contribution to
the chemical composition, if any.

Micro-fluorescence energy dispersion (µ-XRF) was performed by using a Bruker M4
Tornado spectrometer, equipped with two X-ray tubes (Rh and W) and two SDD detectors,
active area of 60 mm2. The Rh tube has a polycapillary optic to concentrate the radiation in
a spot <20 µm (Mo-Kα). Vacuum conditions (2 mbar) were applied for data acquisition,
using Rh radiation with the generator operating at 50 kV and 150 µA, using two detectors
to increase the intensity of the received signal. The acquisition time for each measurement
was 60 s. An average of 60 spot analyses were performed on each sample and a double
measurement of each point was executed with the aim of improving the element detection.
The acquired spectra were processed with the software ESPRIT M4 v. 1.5.2.65 to obtain a
semi-quantitative analysis expressed as wt% of major elements (oxides) and ppm for traces
elements.

Inductively coupled plasma spectroscopy with Optical Emission Spectrometry (ICP-
OES), Agilent 710 Technology, was used to determine the trace of elements in mineral
asbestos fibers.

Using a microwave Milestone MLS Mega 1200 with HPR 1000/10 vessels, 100 mg of
powder of sample were dissolved in a mixture of Merck “suprapur” quality acids, nitric
acid (0.5 mL) and hydrofluoric acid (1.5 mL). After complete dissolution, a small amount of
boric acid is added to the composition to neutralize samples before ICP-OES analysis. The
calibration curve was prepared using the “multielement smart solutions” for As, B, Ba, Bi,
Cd, Co, Cr, Cu, Li, Mo, Ni, Pb, Sb, Se, Sn, Sr, Ti, Tl, V, W, Zn, Zr. The instrumental limit of
quantification considered (LOQ) for each element was determined with the white method,
the values obtained correspond to those provided by the ISO-11885. All the measurements
were performed in triplicate to ensure reproducibility.

3. Results
3.1. Major and Minor Elements

The micro-fluorescence energy-dispersive techniques (µ-XRF) allowed to measure
the concentration of major and minor elements (Si, Mg, Ca, Fe, Al, Mn) as oxides, in both
tremolite asbestos samples (Figure 1).
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Figure 1. Micro X-ray fluorescence (µ-XRF) images of: (a,b) tremolite asbestos from Episcopia village
(TR_EPS specimen), crosses are drawn to indicate the analysis points; (c,d) tremolite asbestos from
San Severino Lucano village (TR_SSL specimen).
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As for major elements, the data of TR_EPS specimen showed SiO2 and MgO contents
of 53.3 wt% and 26.0 wt%, respectively, and an amount of 16.8 wt% for CaO and 3.3 wt%
for FeO (Figure 2a, Table 1).
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and Zn (Figure 3) since their impact on human health is well known [1,25]. Results 
revealed that Cr and Ni are the elements reaching the highest amounts in both the studied 
samples. 

Figure 2. Box plots illustrating statistical parameters for major elements in: (a) tremolite asbestos
from Episcopia (TR_EPS); and (b) tremolite asbestos from San Severino Lucano village (TR_SSL).
Statistical parameters are based on 60 spot analyses. The range in contents is represented by the
vertical lines, the median value is shown by the horizontal line inside the box, the cross indicates the
mean values.

Table 1. Average values of major and minor element amounts (wt%) in the examined tremolite
obtained by µ-XRF. TR_EPS = tremolite asbestos from Episcopia; TR_SSL = tremolite asbestos from
San Severino Lucano.

(wt%) TR_EPS TR_SSL

MgO 26.00 26.10
SiO2 53.32 54.12
CaO 16.80 14.12
FeO 3.33 5.20

Al2O3 0.32 0.35
MnO 0.23 0.11

Regarding the TR_SSL sample, results revealed SiO2 and MgO values of 54.1 wt% and
26.1 wt% respectively, with a minor amount of CaO (14.1 wt%) and higher content of FeO
(5.2 wt%) compared to those of TR_EPS (Figure 2b, Table 1). As for minor elements, data
showed concentrations of Mn and Al2O3 >1000 ppm in both samples (Table 1). Specifically,
the data showed Mn content of 0.23 wt% in TR_EPS and 0.11 wt% in TR_SSL and higher
values of Al2O3: 0.32 wt% in TR_EPS and 0.35 wt% in TR_SSL (Table 1). These results are
in agreement with those ones reported by literature, regarding the chemical composition of
tremolite asbestos occurring in the surrounding of the study area [22–24].

3.2. Trace Elements

The concentrations of trace elements (As, Ba, Cd, Co, Cr, Cu, Li, Mo, Ni, Pb, Sb, Sn, Sr,
Ti, Te, V, W, Zn, Zr) in the two studied samples revealed heterogeneous values (Table 2).

Particular attention was given to some heavy metals such as Cr, Ni, Co, V, As, Ti,
Cu and Zn (Figure 3) since their impact on human health is well known [1,25]. Results
revealed that Cr and Ni are the elements reaching the highest amounts in both the studied
samples.

More specifically, TR_EPS is the sample characterized by a higher concentration of
Cr (1120 ppm) and Ni (1830 ppm) than TR_SSL, in which the concentrations are 550 ppm
(Cr) and 480 ppm (Ni). Similarly, Co and V as well as Ti and Cu show the higher amounts
in TR_EPS, while As and Zn are found in higher concentrations in the TR_SSL sample
(Figure 3). In particular, the TR_EPS sample showed 31.9 ppm of Co, 6.3 ppm of V, high
level of Ti (430 ppm) and 23.2 ppm of Cu, while TR_SSL reveals values of 7.8 ppm (Co),
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2.6 ppm (V), 92.9 ppm (Ti) and 17.8 ppm of Cu. The other heavy metals considered, such as
As and Zn, occur in high amounts in the TR_SSL sample: As is present at a concentration of
7.9 ppm in TR_SSL and 3.2 ppm in TR_EPS while Zn is 37.7 ppm and 34.3 ppm in TR_EPS
and TR_SSL respectively. Figure 4 shows the concentration (ppm) levels of the other trace
elements detected in the studied samples such as Ba, Cd, Li, Mo, Sb, Sn, Sr, Te, W and Zr.

Table 2. Trace element concentrations (ppm) in the studied tremolite asbestos from Episcopia
(TR_EPS) and San Severino Lucano villages (TR_SSL) obtained by ICP-OES.

(ppm) TR_EPS TR_SSL

As 3.20 7.90
Ba 1.10 16.50
Cd 1.11 9.90
Co 31.90 7.80
Cr 1120 550
Cu 23.20 17.80
Li 20.50 5.30

Mo 2.50 6.70
Ni 1830 480
Pb 11.50 20.50
Sb 15.10 11.20
Sn 20.50 51.70
Sr 1.50 16.10
Ti 430 92.90
Te 6.40 8.80
V 6.30 2.60
W 6.30 8.80
Zn 34.30 37.70
Zr 7.20 32.20

∑TOT 3573 1384
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Figure 4. Trace elements concentration (ppm) in tremolite asbestos from Episcopia (TR_EPS) and San
Severino Lucano (TR_SSL).

All these elements are present in a higher amount in the TR_SSL rather than TR_EPS
sample, except for Li and Sb. Indeed, Ba and Cd in TR_EPS are present at about 1.0 ppm,
versus 16.5 ppm and about 10 ppm in TR_SSL, respectively, as well as the amount of Sn
(20.5 ppm), Sr (1.5 ppm) and Zr (7.2 ppm) are lower than those ones detected in TR_SSL
(51.7 ppm, 16.1 ppm, 32.2 ppm of Sn, Sr, and Zr respectively). However, the difference in
Mo, Te and W concentration amounts between the studied samples is not very obvious.
Indeed, Mo values are 2.5 ppm versus 6.7 ppm, Te 6.4 ppm versus 8.8 ppm and 6.3 ppm
and W 8.8 ppm for TR_EPS and TR_SSL respectively. As for Li and Sb, they were detected
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with higher amounts in TR_EPS showing values of 20.5 ppm and 15.1 ppm respectively
versus 5.3 ppm (Li) and 11.2 ppm (Sb) in TR_SSL (Figure 4, Table 2). The concentration
levels of all the trace elements detected in the studied samples are reported in Figure 5, in
which it is possible to observe the amounts of Cr and Ni much higher than the other ones.
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4. Discussion
4.1. PTEs in Tremolite Fibers

Chemical results of the analyzed tremolite asbestos samples from Episcopia (TR_EPS)
and San Severino Lucano (TR_SSL) villages in the Basilicata region (southern Italy) revealed
a relevant concentration of PTEs. Specifically, among major and minor elements, high
values of Fe and Mn, whose role in inducing toxicity is well known [19,20,26,27], stand out
in both samples. The presence as well as the structural coordination of Fe, together with
surface ferrous ions were considered as important factors in carcinogenicity, because of
their ability to catalyse the production of reactive oxygen species (ROS) [20,26,27].

As for Mn, despite it represents an essential nutrient for the human body, an excessive
dose can otherwise cause some adverse health effects [28]. Literature studies showed that
chronic exposure to high levels of Mn provokes permanent neurological damage, as also
observed in former manganese mining workers and smelters [29].

As far as trace elements are concerned, Cr and Ni were detected in significant amounts
in the studied samples, thus suggesting the high toxicity character of the fibers. Several
studies showed that Cr in the hexavalent redox state is highly toxic and may cause adverse
effects on human health [1]; similarly, Ni may induce tumors especially at primary cell
cultures, where Ni ions cause significant cellular damage and apoptosis [29,30]. Beyond
these two most abundant elements, the high amounts of other heavy metals such as
Co, V, Ti, Cu in TR_EPS and As and Zn in TR_SSL contribute to increasing the toxicity
character of the studied samples. For instance, V has the capacity to affect the activities
of various intracellular enzyme systems and to the respiratory, circulatory and central
nervous systems whereas As may cause the poor functioning of cell respiration as well
as that of cell enzymes and mitosis since it primarily affects the sulfhydryl group of cells
of the body [31]. By taking into account the many factors affecting the health effects
relating to the presence of PTEs in asbestos fibers structure, it may be useful to consider
the total balance of PTEs in the studied samples (i.e., ∑(As, Ba, Cd, Co, Cr, Cu, Li, Mo,
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Ni, Pb, Sb, Sn, Sr, Ti, Te, V, W, Zn, Zr)), which may assist to the toxicity of the different
types of tremolite studied in the present work. Indeed, high amounts of heavy metals
can contribute to the toxic potential, provided that the fibers are allowed to release their
content according to the extent of their dissolution rate. As shown in Figure 6, the TR_EPS
specimen is more enriched in PTEs than TR_SSL; therefore, it could be likely assumed that
TR_EPS is potentially more dangerous than TR_SSL. In fact, the sum of the PTEs detected
in TR_EPS is 3572.61 ppm vs. 1384.4 ppm of TR_SSL (Figure 6, Table 2). As far as the toxic
potential of the different types of tremolite is regarded, the presence of high content of
heavy metal can contribute, provided that the fibers will be allowed to release their content
according to the extent of their dissolution rate. On this basis, the presence of PTEs in
asbestos tremolite in the investigated area may constitute a potential risk for human health.
Nevertheless, it is worth noting that TR_SSL is highly enriched in Fe (Figure 2b, Table 1),
which plays an important role in asbestos-induced cytotoxicity [19,20]. These results can
be used in the predictive model realized by Gualtieri [8] to obtain the fiber’s potential
toxicity/pathogenicity index (FPTI). It is worth mentioning, that the combination of various
factors such as the dose of the pollutant, the duration of the exposure as well as the various
impact of the PTEs on the organism, contribute to the definition of the negative health
effects. Indeed, if enough of these elements cumulate into the lungs, because of the fibers
dissolution processes, they may provoke the development of cancer (e.g., mesothelioma
and bronchogenic carcinoma) [8–11], since they may change the baseline concentrations of
these elements in the lungs (Table 3; [32]).
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Figure 6. Total trace elements concentration (ppm) in the investigated samples. TR_EPS = tremolite
asbestos from Episcopia; TR_SSL = tremolite asbestos from San Severino Lucano.

Table 3. Trace elements (ppm) in the analyzed tremolite asbestos from Episcopia (TR_EPS), San
Severino (TR_SSL), and tremolite asbestos from GMRU (TR_GMRU) and Val d’Ala (TR_VLA) studied
by Bloise et al. [15,16] showed for comparison. * Indicative baseline data for some trace elements in
normal human lung tissues [29].

ppm TR_EPS TR_SSL TR_GMRU TR_VLA Concentration Range in
Human Lungs *

As 3.20 7.90 1.20 n.d. 0.001–0.10
Ba 1.10 16.50 14.80 0.61 >1.10
Co 31.90 7.80 22.64 26.92 0.002–0.10
Cr 1120 550 170.91 165 0.002–0.50
Cu 23.20 17.80 24.53 3.23 1–5.00
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Table 3. Cont.

ppm TR_EPS TR_SSL TR_GMRU TR_VLA Concentration Range in
Human Lungs *

Ni 1830 480 308.63 473 0.01–1.00
Pb 11.50 20.50 4.40 0.45 0.02–0.50
Sb 15.10 11.20 0.20 0.03 0.002–0.10
Sr 1.50 16.10 200 6.59 0.01–1.00
V 6.30 2.60 7.10 13.06 0.0005–0.50

Zn 34.30 37.70 28.42 17.19 1–30.00
∑TOT 3078.10 1168.10 782.83 706.08

PTEs can be present in asbestos fibers (i.e., chrysotile and amphiboles) structure as
isomorphic substitutions. Moreover, the significant capability of amphiboles for hosting
trace elements in octahedral sites (specifically M1, M2, M3) confirms the high amounts of
heavy metals detected in the studied samples [12]. For instance, Ni and Co in tremolite
likely occupy the specific crystallographic M1 and M3 sites while Cr mainly occupies the
M2 site.

4.2. Environmental Impact of PTEs

PTEs are usually found in the environment and, in small concentrations, they are
needed for maintaining good health; nevertheless, in excessive doses, they can become
toxic or hazardous. Indeed, heavy metals can hurt the functioning of organs such as the
brain and lungs or affect the blood composition [33–35]. By considering that ophiolite
rocks constitute a source of asbestos and widely occur worldwide [5], the quantification
of PTEs contained in asbestos fibers is crucial to limit human exposure, especially that
one of people living near NOA outcrops. In fact, under specific environmental conditions,
potentially toxic elements can be released into the environment, thus constituting a serious
hazard for human health. As documented by literature, both areas of Episcopia and San
Severino Lucano villages are characterized by a wide occurrence of asbestos [6,21,36],
which can become bioavailable and cause the pollution of soils, water as well as the
atmosphere. Punturo et al. [36], carried out a multidisciplinary study on serpentinite
rocks and derivative soils cropping out in the surroundings of San Severino Lucano, with
the aim of determining their bulk chemistry. Results showed, in both rocks and soils,
a number of toxic elements (i.e., Cr, Co, Ni, V) exceeding the regulatory threshold for
public, private and residential green use [Italian Legislative Decree N◦.152 of 03/04/2006].
Moreover, a significant excess of health problem NOA-correlated cases [2] was verified by
epidemiological studies conducted on twelve villages of this part of the region. Specifically,
several mesothelioma cases were documented in the area 20 km far away from Episcopia
village and the main cause recognized was the exposure to asbestos minerals [37,38].

Based on the results of this work, the studied samples from Episcopia (TR_EPS) and
San Severino Lucano (TR_SSL) villages are characterized by significant amounts of PTEs
hosted into asbestos, which may be potentially harmful to humans. The presence of the
high amount of these elements in the fiber structure, not only increases the toxicity character
of the studied tremolite asbestos but also makes the environmental exposure riskier, due to
the occurrence of the mother rock from which they were extracted.

4.3. PTEs Comparison

With the aim of observing the difference in PTEs content of tremolite asbestos occur-
ring in another part of the Italian territory, our data were compared to those collected by
Bloise et al. [15,16] (Table 3) on tremolite from Gimigliano-Mount Reventino Unit (GMRU;
Calabria region, Southern Italy), and tremolite from Val d’Ala (TR_VLA; Piedmont region,
Northern Italy) in order to assess, based on the total amount of toxic elements, which one
could potentially be more dangerous to human health. As shown in Figure 7, compared
to those ones detected by Bloise et al. [15,16], the samples of the present work revealed a
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higher amount of most potentially toxic elements. In particular, Cr and Ni values of the
samples studied in the present work are much higher than those detected in the other ones,
especially in TR_EPS in which their concentration reaches 1120 ppm (Cr) and 1830 ppm
(Ni). Moreover, a higher amount of Co and Sb characterize TR_EPS whereas tremolite from
San Severino Lucano results enriched in As, Ba, Pb and Zn. Differently, TR_GMRU shows
a high concentration of Cu (24.53 ppm) and Sr (200 ppm) while TR_VLA is more enriched
in V which amount is about 13 ppm (Table 3). By considering the total amount of toxic
elements in tremolite asbestos samples (Figure 7), it is possible to assess that TR_EPS is the
specimen with the highest amount of PTEs (3078.1 ppm) followed by TR_SSL (1168.1 ppm),
TR_GMRU (782.83 ppm) and TR_VLA (706.08 ppm). Therefore, on the basis of the results
of the present study and of those conducted by Bloise et al. [20,28], tremolite asbestos from
Episcopia and San Severino Lucano are the samples with the highest amount of most PTEs.
Therefore, considered equal to the other conditions (e.g., size, duration of exposure), they
are potentially toxic to a greater extent. The different concentrations of toxic elements in
the tremolite asbestos samples observed, may be due to both the chemical variability of
amphiboles and to the geochemical/petrological processes involved in the formation of
asbestos fibers [6,12,16].
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(TR_EPS), San Severino (TR_SSL), and tremolite asbestos from Gimigliano–Mount Reventino Unit,
Calabria (TR_GMRU) and Val d’Ala, Piedmont (TR_VLA) studied by Bloise et al. [15,16] and showed
for comparison.

5. Conclusions

In the current study, the concentration of PTEs in two different tremolite asbestos
samples coming from serpentinite rocks cropping out in the surroundings of Episcopia
and San Severino Lucano villages (Basilicata region, Southern Italy) were analyzed. Micro
X-ray fluorescence (µ-XRF) and Inductively Coupled Plasma spectroscopy with Optical
Emission Spectrometry (ICP-OES) techniques were used to determine the concentration of
major, minor (Si, Mg, Ca, Al, Fe, Mn) and trace elements (As, Ba, Cd, Co, Cr, Cu, Li, Mo,
Ni, Pb, Sb, Sn Sr, Ti, Te, V, W, Zn, Zr).

The intrinsic toxicity of asbestos tremolite fibers added to the fact that one of the PTEs
results in an extremely dangerous combination for humans and the long-term exposure for
the inhabitants of the surrounding areas could derive from the development of different
kinds of diseases. The various element concentrations into the two samples allow us to
further distinguish them in terms of PTEs amount. High concentrations of trace elements
were detected and, by considering the total balance of PTEs in the studied samples (∑(As,
Ba, Cd, Co, Cr, Cu, Li, Mo, Ni, Pb, Sb, Sn, Sr, Ti, Te, V, W, Zn, Zr)), TR_EPS results to be
the asbestos sample with the highest amount of PTEs. The data of our study have general
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implications regarding their possible use to calculate fiber potential toxicity/pathogenicity
index (FPTI) which can be a helpful tool for the interpretation of results of in vitro and
in vivo testing. Moreover, our study highlights the importance of quantifying PTEs present
in asbestos minerals since they increase the toxic character of fibers and can cause lung
cancer in humans.
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