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URBAN SOIL GEOCHEMISTRY IN CHILE: THE CASE STUDY OF
SANTIAGO
Antonio Aruta (1), Linda Daniele (2), Cannatelli Cannatelli (2), Benedetto De Vivo (3), Annamaria
Lima (1), Stefano Albanese* (1)
(1) Dipartimento di Scienze della Terra, dell'Ambiente e delle Risorse - Università degli Studi di Napoli Federico II, (2)
Departamento de Geología, Universidad de Chile, Santiago, Chile, (3) Pegaso University, Napoli

In Chile, most of the population lives in urban areas and more than the 40% lives in its capital city, Santiago. In
consideration of this latter condition, the need of carry out environmental studies on the urbanized areas of the
Chilean territory is becoming a hot topic, especially if we consider the amount human lives potentially exposed
to contaminants released by anthropic activities.
Potentially Toxic Elements (PTEs) are considered the most ubiquitous contaminants in anthropized areas and
they are specially enriched in soils together with some organic compounds (PAHs and PCBs).
With the purpose of starting a geochemical prospecting of the Metropolitan Region of Santiago (featuring a
total of 7,112,808 inhabitants) (INE, 2018), 121 topsoil samples were collected within the territory of the
Comuna of Santiago, a municipality with an area of 22.4 km², which roughly correspond with the city
downtown.
The sampling activities were carried out during Spring 2017. After collection and an appropriate preparation
(Drying, sieving, etc.), soil were analysed by ICP-MS at the Bureau Veritas Laboratory (Canada) to determine
the concentration of 53 chemical elements (Ag, Al, As, Au, B, Ba, Be, Bi, Ca, Cd, Ce, Co, Cr, Cs, Cu, Fe, Ga,
Ge, Hf, Hg, In, K, La Li, Mg, Mn, Mo, Na, Nb, Ni, P, Pb, Pd, Pt, Rb, Re, S, Sb, Sc, Se, Sn, Sr, Ta, Te, Th, Ti,
Tl, U, V, W, Y, Zn e Zr) following a modified Aqua Regia leaching.
Analytical data were statistically treated to determine the local baseline reference ranges for PTEs.
Geochemical distribution maps were also realized by using a geochemical dedicated GIS software (GEODAS)
and QGIS. Specifically, interpolated maps were generated through the application of the Multifractal IDW
algorithm and concentrations intervals were set through the application a Concentration-Area (CA) plot.
After a proper data transformation based on the principles of the compositional data (CoDa) analysis a principal
factor analysis (PFA) (Filzmoser et al. , 2009) was performed to determine the main geochemical source
influencing the soil geochemistry of Comuna of Santiago. Two main factors were determine, one mostly of
geogenic (Co, Mn, al, Fe, Ti –[ U, Th, Cs, Rb]) and another potentially anthropogenic (Zn, Cd, Ba, Bi, Sn).
A preliminary assessment of the environmental condition and of the potential hazard posed by PTEs for
exposed population was made through the calculation of Enrichment Factor (EF) relative to the upper limit of
the baseline concentrations ranges estimated by means of some robust statistical method. Subsequently, the EFs
were used to develop an “Anthropogenic Pressure” integrate index able to discriminate and score areas
according to the degree of contamination of soil due to the presence of anthropic activities.
Taking into account the toxicological characteristics of of PTEs involved in the process of contamination of the
city soils, a Toxicity Weighted Contamination Index (TWCI) was developed and tested with the aim of
generating a spatial zoning of the territory based on the jointly use of the toxicological responses of
contaminants with their levels of contamination.
Acknowledgment This study has been partially funded by Program U-Apoya, and starting funds from FCFM
(University of Chile).
[1] Instituto Nacional de Estadísticas Chile (INE), 2018. Síntesis De Resultados - Censo 2017. 27 Pp.
[2] Filzmoser P., Hron K., Reimann C., Garrett R., 2009. Robust Factor Analysis for Compositional Data. Computers and Geosciences, 35
(9), 1854–1861.
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RADIOLOGICAL RISK INDUCED BY ROAD PAVING AND BUILDING
MATERIALS IN THE CITY OF NAPLES, SOUTH ITALY
Antonio Aruta* (1), Annalise Guarino (1), Pooria Ebrahimi (1), Salvatore Dominech (2), Olga
Belyaeva (3), Gevorg Tepanosyan (3), Stefano Albanese (1)
(1) Dipartimento di Scienze della Terra, dell'Ambiente e delle Risorse - Università degli Studi di Napoli Federico II, (2)
State Key Laboratory of Marine Geology, Tongji University, Shanghai, China, (3) Center for Ecological-Noosphere Studies
(CENS) NAS RA, Yerevan, Armenia

Natural radioactivity basically depends on the presence of primordial radionuclides (which have been present
on Earth since its origin) which spontaneously decay and transform to achieve a stable nuclear conformation.
These transformations involve the emission of particles whose energy can have harmful effects on biological
material even at low-dose (with stochastic effects).
The three main elements responsible for most of the natural radioactivity in the earth’s crust are radioactive
potassium (40K), uranium (and mainly 232U isotope) and thorium (232Th). These isotopes are present in minerals
and rocks (and in their alteration products) that man has always used as raw materials.
The city of Naples is located between two volcanic districts: the Phlegrean Fields, on the west, and
Somma-Vesuvio volcanic area, on the east. In the area, rocks generated by volcanic activities have been
quarried to be used as both construction materials and road paving since the Greek and Roman times.
In fact, the streets of Napoli downtown (the most ancient part of the city) are mostly paved with: (1) Vesuvian
effusive rocks constituted by leucotephrites and leucobasanites; and, subordunately, with: (2) Volcanic rocks
from Latium volcanoes (mostly leucitites) (Penta, 1930) 3) intrusive rocks (mostly acidic) from northern Italy
and Sardinia; (4) effusive basic rocks from Mount Etna in Sicily (which has recently been utilized to substitute
Vesuvian materials in some roads); (5) non-geologic materials (NGMs) such as asphalt and other bituminous
surface treatments.
The paving, except for NGMs, is usually in the shape of rectangular ashlars, roughly chiseled to reduce
slippery, (the so-called “Basolato”) or cobblestones (known as “Sampietrini”).
Due to the variable activity concentration of 40K, 238U and 232Th in igneous rocks a detailed radiological survey
was carried out to assess the radiological risk proceeding from road paving and building materials in the
downtown of Naples where about 1 million people are potentially exposed to low-dose ionizing radiations.
Specifically, 13 paving materials samples were randomly collected from the city roads and analysed by means
of a high purity germanium detector (HPGe) with the energy resolution of 1.8 keV FWHM (for the 1332 keV
gamma-ray energy line from 60Co), coupled to a DSA-1000 multichannel analyzer(CANBERRA) at
Radioecology Department of Center for Ecological-Noosphere (CENS) in Armenia.
In addition, a total of 2548 measurements of ambient dose equivalent rate (µSv/h) were made in open air at
heights of 0.2 m (ADER0.2) and 1 m (ADER1) above the ground, respectively, using a handheld gamma-ray
spectrometer (ATOMTEX AT6102).
In general, the results showed a sensible activity, mostly due to naturally occurring radionuclides (238U, 232Th
and 40K), in all the samples, except for NGMs.
Further, field measurements showed that ADER1 values strongly depends on ADER0.2 where the streets are
paved with geologic materials, while the relationship is not significant in the areas covered with the NGMs
where the ambient dose equivalent rate does not change considerably changing the measuring height.
Based on the ADER1 data, a Monte Carlo simulation was carried out to calculate the stochastic distribution of
the outdoor excess lifetime cancer risk (ELCRoutdoor) for the entire study area and for each city district included in
the area.
To have a comprehensive assessment of the risk proceeding from gamma radiations for residents, in one of the
city districts with the highest ELCRoutdoor, additional ADER1 measurements were conducted in living rooms of 51
private houses to assess the stochastic distribution of indoor ELCR. Finally, the total excess lifetime cancer risk
(ELCRtotal) was estimated jointly using the ELCRoutdoor and the ELCRindoor.
The results showed that the average ELCRoutdoor values are relatively high. In all districts the average value
obtained from the probability distributions generated by Monte Carlo simulations exceeded the world average
reference value (2.9E-04) proposed by UNSCEAR 2000, 2010. The ELCRindoor calculated for Pendino distrect as
well as the ELCRtotal showed relatively high (1.16E-03 and 1.45E-03 respectively) that exceeded the average
values proposed in other works.
This study revealed that low-dose gamma radiations, emitted by the geological materials of volcanic origin
used as paving or building materials in old cities in Europe and around the world, can pose a radiological risk to
health of residents.
[1] Penta, F. (1930). Confronto fra lava vesuviana (vesuvite) e altre rocce ignee adoprate per pavimentazione stradale di Napoli. Bulletin
Volcanologique, 7(1), 71–116. https://doi.org/10.1007/BF02987019
[2] UNSCEAR. (2008). Sources, Effects and Risks of Ionizing Radiation. In Radiation Research (Vol. 1). https://doi.org/10.2307/3577647
[3] UNSCEAR. (2010). Sources and Effects of Ionizing Radiation. United Nation (2010). https://doi.org/10.1016/j.jcin.2012.05.003
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DUCKWEED AS AN INDECATOR FOR ECOLOGICAL AND
GEOCHEMICAL STATE OF THE ENVIRONMENT
Anna Baranovskaya* (1), Natalia Baranovskaya (1)
(1) Tomsk polytechnic university

Today, biogeochemical research is the most appropriate and objective way to assess ecological-geochemical
state of the territory. Many scientists have paid attention to the aquatic plants of the Lemnaceae family, and the
research of plant is relevant today. It is used as object for biotesting and phytoremediation of soils and of waste
water [1, 3]. Scientists at the BIEGEL laboratory, such as V. I. Vernadsky and A. P. Vinogradov investigated
the duckweed as a biogeochemical indicator of the environment.
Purpose of the work: to study the of the concentration of several chemical elements in plants of the family
Lemnaceae (Lemnaceae) in the Tomsk region.
Macrophyte samples were taken in 3 areas of the Tomsk region: Kozhevnikovskogo, Tomsk and Alexander.
The investigated areas differ in their degree of anthropogenic load and geochemical environment. Industry
enterprises and antropogenic are unevenly distributed on the Tomsk area. North-east part this territory have high
technogenic load. There are main pollutant industries such as: SCC, oil refinery, coal power plant [4]. Sampling
was conducted during the vegetative period (June-August). Sampled plants were dried at room temperature until
air-dry state. Hydrobotanic Specialist Kapitonova identificated species of plants in the samples. Then Samples
were homogenized in an agate mortar [3].
The concentration of chemical elements in the duckweed was measured by using following analytical methods:
atomic emission spectrometry (AES) inductively coupled plasma (Scientific analytical center of TPU),
instrumental neutron activation analysis (INNA) and scanning electron microscope.
The results of INNA showed that the areas have individual biogeochemical specificity. In the Alexander area
only the accumulation of Tb exceeded average regional value, whereas the contents of other analyzed elements
in the duckweed did not. In the Tomsk district the content of rare earth, radioactive and some chalcophile some
elements (Cd and Zn) exceed the average concentration of the region.
The calculation results of relationships of radioactive elements, thorium to uranium and rare earth elements are
Also interesting. It should be noted that North-Eastern part of the Tomsk district is characterized as areas with
high technogenic load. Tuganskoe and Georgievskoe of zircon-ilmenite mine are located there, enriched in the
same radioactive elements.
The concentration of many REE in the territory of Kozhevnikovskiy area was one order and more higher than
the average content in the Tomsk region.
The contents of mercury in plants of the ryaskovye family varies from 7.0 to 34.1 ng/g. The Average mercury
content of duckweed in the Tomsk area (18 ng/g) exceeds background values for macrophytes (20 ng/g).
Identified areas exceeding the local background values of mercury content in plants (20% of the total sample).
High concentrations of this element found in the samples taken in the following localities: D. Georgievka, D.
Hope, S. Naumovka, p. Mihaylova and D. Kuzovleva that talks about uneven distribution of mercury in the
study area. These sampling positions located to the North of the Siberian Chemical Combinat to the so-called
Northern industrial node (SPU) Tomsk region, i.e. in the direction of the prevailing winds.
As a summary, Plants of the family Lemnaceae can reflect the geochemical situation of the environment,
accumulate a huge range of chemical elements, whose concentrations are several times higher than in the
reservoir. This object is highly sensitive to the content of mercury in the environment. The relationship between
the location of man-made sources of this ecotoxicant and its concentration in duckweed has been obtained. This
study proves that the plants of the family duckweed are one of the most suitable biogeochemical indicators of
the state of aquatic ecosystems that can reflect the objective ecological and geochemical situation of the
environment.
[1] Landolt E., Kandeler R. (1987). Biosystematic investigations in the family of duckweeds (Lemnaceae).Vol. 4: the family of
Lemnaceae-a monographic study (phytochemistry, physiology, application, bibliography). Veroeffentlichungen des Geobotanischen
Instituts der ETH Stiftung Ruebel (Switzerland). 327 p. p.
[2] Kuranova V.N., Baranovskaya N.V., Rikhvanov L.P. (2005). The content of chemical Elements in the organism of Anura, Amphibia, as
an indicator of the environmental conditions. Proceedings of the 12th Ordinary General Meeting of the Societas Europaea Herpetologica. P.
167–170
[3] Favas P.J.C. et al. (2016). Biogeochemistry of uranium in the soil-plant and water-plant systems in an old uranium mine. Science of the
Total Environment. P. 350–368
[4] Rikhvanov L.P. et al. Ecological and geochemical specific of natural environments of Tomsk region and morbidity (2006). Tomsk:
TPU. 216 p.
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СHEMICAL ELEMENTS AND THEIR NANOPHASES IN LIVING
SYSTEMS IN SIBERIA (RUSSIA) AND KAZAKHSTAN
Natalia Baranovskaya* (1)
(1) Tomsk polytechnic university

The aim of the research is to consider the contents of chemical elements, including radioactive and rare earth
elements and their nanophases, in the complex of the components of the environment and living systems in the
territory of Siberia region of Russia and some regions of Kazakhstan, characterized by various natural and
man-made environments.
Methods. The main method of the research is instrumental neutron activation analysis, which was carried out
on the basis of a research nuclear reactor at the National Research Tomsk Polytechnic University. The content
of 28 elements including two radioactive – thorium and uranium, as well as seven rare earth (La, Ce, Sm, Eu,
Tb, Yb, Lu) elements – was determined. Nanomineral phases of elements by electronic microscope Hitachi
S-3400N was detected.
Results. Twenty-eight chemical elements, including rare earth and radioactive elements, were simultaneously
measured in four environmental “matrices” of Siberia and Kazakhstan: soil, salt sediment of water, human
blood and hair. The content of the studied elements is maximal for soils and for salt sediment of water, and
significantly lower in human biosubstrates. Human hair and blood as living tissues are characterized by a sharp
cerium minimum. The ytterbium maximum was detected in the blood, probably as organometallic complexes.
On the territory Semipalatinsk test polygon and Tomsk Siberian nuclear complex in blood of human specific
elements nanomineral phases was detected.
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THE CONTENT OF RADIOACTIVE (URANIUM, THORIUM) AND RARE
EARTH ELEMENTS IN THE HAIR OF RESIDENTS OF SOME
TERRITORIES OF KAZAKHSTAN
Natalia Baranovskaya (1), Botagoz Sharipova (2), Gulim Baikenova* (2), Anuarbek Kakabayev (2),
Rakhmetkazhi Bersimbaev (3)
(1) Tomsk polytechnic university, (2) Sh.Ualikhanov Kokshetau State University, (3) L.N. Gumilev Eurasian National
University

The Republic of Kazakhstan is the world’s largest supplier of uranium. Uranium deposits in Kazakhstan are
characterized by a high content of rare metals, gold and rare earth elements [1, 2, 3].
The study of the relationship between rare earth and radioactive elements in living systems is an important
aspect in identifying the features of their accumulation in territories with natural and man-made anomalies.
To ensure the quality control of the environment, it is convenient to use a human biosubstrate (hair, nails,
blood, etc.), which can be easily sampled. According to many scientists, this biosubstrate is hair [4, 5].
Therefore, the aim of the present study is to determine the level of content of rare earth and radioactive
elements in the hair of residents of North and South Kazakhstan. The method of inductively coupled plasma
mass spectrometry (ICP-MS) was used to determine the chemical elements. Sample preparation was carried out
at the Geology Department of the Tomsk Polytechnic University, Russia.
As a result of our research, we determined the arithmetic mean and the limit of vibrations of the elements. The
analysis showed that, in terms of the average content, chemical elements are arranged as follows in descending
order:
South Kazakhstan: U> Eu> Tb> Ho> Tm> Yb> Th> La> Ce> Pr> Gd> Sm> Er> Nd> Dy> Lu;
North Kazakhstan: U> Th> Ce> Tb> Tm> Lu> La> Nd> Sm> Eu> Ho> Er> Yb> Gd> Dy> Pr;
In the territories of North and South Kazakhstan, the concentration of radioactive elements in the hair is
noticeable, which is associated with the mining of uranium in the studied areas.
We also carried out a cluster analysis of the association of elements, which showed that radioactive elements
correlate to a greater extent with medium and heavy rare earth elements. At the same time, on the territory of
Northern Kazakhstan, uranium has a high correlation with light rare earth elements.
The results obtained indicate that radioactive elements (uranium and thorium) have a definite relationship with
rare earth elements. This fact can be considered as an indicator of the geochemical situation, which will make it
possible to differentiate the studied territories according to their ecological state.
[1] Aimbetova I.O. (2012). Sorption methods for the extraction of rare and rare-earth metals from solutions of the nuclear industry of
Kazakhstan: problems and their modern solution. Proceedings of the V International Internet Symposium on Sorption and Extraction (in
the Processing of Mineral Raw Materials), 4-7
[2] Toksanbaev B.Z, Panova E.N., Blynsky P.A., Baltabaev A.Zh., Torebekov A.K. (2019). Study of the microelement composition of
samples of finished products of uranium mining enterprises of National Atomic Company Kazatomprom Joint stock company to create a
database of uranium concentrates. Proceedings of the IX International Scientific and Practical Conference "Actual Problems of the
Uranium Industry", 150-155
[3] Karpov A.V., Vladimirov A.G., Razvorotneva L.I., Krivonogov S.K., Nikolaeva I.V., Moroz E.N. (2016). Uranium and thorium in
bottom sediments of saline lakes of the Ishim steppe (Northern Kazakhstan) // Bulletin of the Tomsk Polytechnic University. Engineering
of georesources 327, 6–17.
[4] Baranovskaya N.V. (2003). Elemental composition of biological materials and its use to identify anthropogenically altered territories
(on the example of the southern part of the Tomsk region): abstract dissertation. ... Cand. biol. Sciences / Natalia Vladimirovna
Baranovskaya. - Tomsk, TSU, 24
[5] Pozebon D., Scheffler G.L., Dressler V.L. (2017). Elemental hair analysis: A review of procedures and applications. Analytica chimica
acta 992, 1-23
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GEOCHEMICAL FEATURES OF HAIR OF THE POPULATION OF SOUTH
KAZAKHSTAN
Natalia Baranovskaya (1), Botagoz Sharipova* (2), Gulim Baikenova (2), Anuarbek Kakabayev (2)
(1) Tomsk polytechnic university, (2) Sh.Ualikhanov Kokshetau State University

Large deposits of polymetallic, iron ores, uranium deposits and several large industrial enterprises are located
on the territory of South Kazakhstan [1]. As a result of their operation, chemical elements are accumulated in
the environment, which have a negative impact on the life of a living organism, including humans. All this
requires constant monitoring of the state of the environment.
Nowadays the study of the elemental and mineral composition of the human body is one of the priority
directions of modern geochemistry, medical geology and ecology. It is convenient to use hair to study the
elemental composition, since they reflect in their composition the levels and changes in the intake of many
microelements into the body over a long period of time [2, 3].
To study the elemental composition, instrumental neutron activation analysis was used. The content of 28
elements in the hair of adolescents in South Kazakhstan were studied. When normalising the content of
elements in the hair of children to the clarke of the noosphere (according to Glazovsky N.F., 1982), the highest
coefficients were obtained for Zn, Ba and Au.
A comparative analysis by gender demonstrated that most of the elements are equally concentrated in the male
and female bodies of adolescents in South Kazakhstan. However, the elements such as Ba, Tb, Yb, Hf, Ta tend
to accumulate in the male body, while the elements Cr, Zn, Sr, Ag, Ce accumulate in the female body.
The performed correlation analysis showed a close relationship between many elements. The highest
coefficient of positive pair correlation (r = 0.99) belongs to the Ba-Nd pair (critical coefficient r = 0.30, p =
0.05). In addition, 10 pairs are characterised by strong bonds with a correlation coefficient of 0.6 to 0.5, these
include: Sc-Hf, Sc-U, Ba-Th, Nd-Th, Zn-Ag, Tb-Yb, Sc- La, La-U, Rb-Ba and Rb-Nd. Negative correlation
coefficients belong to the pairs La-Ta (r = -0.4), and Ce-Sm, Ce-As (r = - 0.3).
The results of cluster analysis contributed to distinguish several groups of elements that may have a different
̄source and accumulation mechanism:
Hf, La, U, Sc; || Th, Nd, Ba, Rb, Na; || Eu, Ce, Ta, Cs; ||Lu, Br, Sm, Cr, Au, As, Sb, Fe, Co, Sr, Ca;
Yb,Tb, Ag, Zn.
̄Concluding, 28 chemical elements in the hair of adolescents living in the territory of South Kazakhstan were
studied. According to the results of the study, it is possible to draw some conclusions about the specificity of
the accumulation and distribution of chemical elements. Probably the spectrum of accumulation of such
elements as Cr, Zn, Sr, Ag, Ba, Ce, Tb, Yb, Hf, Ta, Au is associated with the extraction of uranium and
polymetallic ores, rare earth metals. Nevertheless, the source of the studied elements in the organism of the
inhabitants of South Kazakhstan is not fully determined and requires additional researches.

[1] Bukaeva A.D. (2012). Production of non-ferrous metals in the Republic of Kazakhstan. Theory and practice of social development 12,
561[2] Baranovskaya N.V., Rikhvanov L.P., Ignatova T.N., Narkovich D.V., Denisova O.A. (2015). Essays on human geochemistry:
monograph.Tomsk: Publishing House of Tomsk Polytechnic University, 378.
[3] Pozebon D., Scheffler G.L., Dressler V.L. (2017). Elemental hair analysis: A review of procedures and applications. Analytica Chimica
Acta 992, 1-23.
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ASBESTOS CONTENT IN HUMAN LUNGS RELATED TO DISPERSION
FROM NOA IN ROCKS
Elena BELLUSO* (1, 2), Silvana CAPELLA (1, 2), Elisa FORNERO (1), Donata BELLIS (3, 2)
(1) Department of Earth Sciences, University of Torino, Italy, (2) Interdepartmental Centre for Studies and other Toxic
Particulates “G. Scansetti”, University of Torino, Torino, Italy, (3) Department of Surgery, Pathological Anatomy,
Ospedale degli Infermi, Ponderano, Biella, Italy

The Naturally Occurring Asbestos (NOA) and Naturally Occurring asbestiform minerals Non Asbestos
classified (NONA) in North Western Italian Alps is known since many years and described in a few papers
(e.g., 1, 2, 3). Whereas the noxiousness due to professional exposure to asbestos is well known, there are few
information and no one dealing with natural environmental exposure occurring to general population living
respectively closeness to NOA in outcropped rocks. Nothing is known about exposure to NONA.
According to several investigations, chrysotile and tremolite/actinolite asbestos represent the NOA content in
the rock of these areas. Among NONA, asbestiform antigorite is frequent but in many cases it is not possible to
distinguish it from chrysotile by SEM-EDS technique.
To better understand type and amount of asbestos respired by people lived in areas where lithologies and their
NOA and NONA contents are known, we investigated by SEM-EDS lung tissues of 8 women not dead owing
to asbestos correlated pathologies, 4 of them lived in Susa Valley and 4 in Lanzo Valleys (NW Italy).
Many different inorganic fibrous species, mainly natural minerals, have been detected in lungs.
Tremolite/actinolite asbestos is present in 7 out of 8 cases. Chrysotile and chrysotile/asbestiform antigorite are
less frequent. Amosite and crocidolite have been detected only in 2 cases related to people lived in a quite
urbanized area.
Based on the geological and urbanization data of the area where investigated people lived, the air dispersion
sources of amosite and crocidolite are solely attributable to anthropogenic sources (i.e. asbestos containing
materials); tremolite/actinolite asbestos are related to natural sources (i.e. NOA); chrysotile and asbestiform
antigorite cannot be used as environmental exposure marker because they are dispersed from both types of
sources.
On the basis of the obtained data, it is evident that in some cases, due to the dispersion of fibers from NOA
rocks and from anthropogenic sources, people can undergo to a significant asbestos exposure comparable to
professional one.
[1] Belluso E., Compagnoni R., Ferraris G. (1995). Occurrence of asbestiform minerals in the serpentinites of the Piemonte Zone, Western
Alps. GIORNATA DI STUDIO IN RICORDO DEL PROF. STEFANO ZUCCHETTI, POLITECNICO DI TORINO, Ed. Politecnico di
Torino (Italy), 57-64
[2] Belluso E., Baronnet A., Capella S. (2020). Naturally Occurring Asbestiform Minerals in Italian Western Alps and in Other Italian
Sites. Environmental and Engineering Geoscience, 26, 39–46
[3] ARPA Piemonte (Regional Agency for the Protection of the Environment, Piemonte, Italy) (2008). Amianto naturale in Piemonte.
L’Artistica Savigliano, Savigliano (CN, Italy), 426 pp
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SERPENTINIZATION-INDUCED LITHOSPHERIC LONG-WAVELENGTH
MAGNETIC ANOMALIES IN PROTEROZOIC BEDROCKS IN A
WEAKENED GEOMAGNETIC FIELD MEDIATE THE ABERRANT
TRANSFORMATION OF BIOGENIC MOLECULES IN COVID-19 VIA
MAGNETIC CATALYSIS
Moses Bility* (1), Sara Ho (1), Yash Agarwal (1), Bella Castronova (1), Shivkumar Biradar (1),
Vanshika Narala (1), Cole Beatty (1), Nivitha Periyapatna (1), Jean Bisimwa Nachega (2)
(1) University of Pittsburgh, Department of Infectious Diseases and Microbiology, (2) University of Pittsburgh, Department
of Infectious Diseases and Microbiology, Department of Epidemiology
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MINERALOGICAL IDENTIFICATION OF ASBESTOS-BEARING
SERPENTINITES IN SOUTHERN APENNINES AS A TOOL FOR
GEO-ENVIRONMENTAL MONITORING
Roberto Buccione* (1), Salvatore Laurita (1), Michele Paternoster (1), Giovanna Rizzo (1), Rosa
Sinisi (2), Giovanni Mongelli (1)
(1) University of Basilicata, (2) Institute of Methodologies for Environmental Analysis (IMAA), National Research Council
(CNR)

There is a global and increasing interest for the study of the toxicity and carcinogenicity of asbestos minerals in
the rocks. A correlation between fibrous minerals exposure, defined as “asbestos”, with health problems, such
as respiratory and digestive system diseases, has been widely demonstrated. The inhalation of these mineral
fibers can cause neoplasms with a high mortality rate such as asbestosis, lung cancer, and malignant
mesothelioma. Asbestos-bearing rocks, can release significant amounts of fibers into the different
environmental matrices (air, water, and soil). It is well demonstrated that both weathering processes and human
activity can separate the fibers into smaller fibrils that are widely spread out into the environment, becoming
easily inhalable. The weathering of ophiolitic rocks can promote the release of harmful chemical elements into
groundwater such as Cr (VI) which can accumulate in human organism and promote serious health problems.
This study focuses on massive asbestos-bearing serpentines outcropping in ophiolites of the Pollino Massif
(Calabria-Lucania boundary, Southern Italy) where asbestiform minerals occur. Selected samples of these
rocks were used for the identification of asbestiform minerals (serpentine as well as amphibole mineral phases)
by using μ-Raman spectroscopy and X-ray powder diffraction (XRPD) analysis. The analytical methods and
results were compared in order to assess the easier and safer procedure for the study and the identification of
health dangerous minerals. Raman spectroscopy allows a quick and clear identification of asbestiform minerals
within the analyzed serpentinites. Accordingly, we believe that Raman spectroscopy is preferable respect to
XRPD analysis.

Scientific Research Abstracts
Vol. 10, p. 10, 2020
ISSN 2464-9147 (Online)
INTERNATIONAL MEETING OF GEOHEALTH SCIENTISTS | GHC 2020
© Author(s) 2020. CC Attribution 3.0 License

NATURALLY-OCCURRING ASBESTOS IN CLARK COUNTY, NEVADA,
USA
Brenda J Buck* (1), Rodney V Metcalf (1), McLaurin T Brett (2)
(1) University of Nevada Las Vegas, (2) Bloomsburg University of Pennsylvania

In 2013, naturally-occurring asbestos (NOA) was found in Clark County, Nevada, USA (Buck et al., 2013).
Clark County has the distinction of being both the most arid and the most populous country in the State of
Nevada. It lies in the Mojave Desert with an average of 10 cm/yr of precipitation and is also home to
approximately 75% of the ~3 million people who live in Nevada. This unfortunate combination can lead to
greater human exposures to NOA. The primary mechanism to which people are exposed to NOA is through
inhalation. Natural wind erosion combined with anthropogenic activities such as off-road driving, construction,
hiking, and horseback riding increases the potential for NOA to become airborne, and therefore result in human
exposures. The sources of the amphibole NOA are plutonic and metamorphic rocks, upon which wind and
water erosion, transport, and deposition through time have resulted in widespread contamination of the
surrounding soils and sediments. The total surface area either containing or likely to contain fibrous amphiboles
was estimated to be approximately 214 km2 or 53,000 acres (Buck et al., 2013). Rock and soil samples have
been analyzed using the scanning electron microscope (SEM) and/or field emission scanning electron
microscope (FE-SEM) with energy dispersive x-ray analysis (EDS). Subsets of the samples were also analyzed
using wavelength dispersive electron probe microanalysis and the Fluidized Bed Asbestos Segregator
preparation method. Unfortunately, both the previous and the new results indicate that many of the areas
containing NOA in southern Nevada are in or around major population centers such as the Las Vegas
Metropolitan Area, Searchlight, and Laughlin. Our new results also predict that over 1 million acres (~ 4,411
km2), which is approximately 20% of Clark County, contains NOA. Importantly, this estimate does not include
areas with NOA-containing eolian deposits. These eolian deposits are primarily represented by vesicular soil
horizons, which form at or near the soil surface through dust accumulation and are ubiquitous in arid
environments. These vesicular horizons are not likely to contribute to NOA exposures, unless their delicate
surface crusts are disturbed. The most common methods by which such crusts are disturbed are human
activities such as ORV driving, solar energy development, and housing construction; all of which are
increasing in this area with population growth. Buck et al. (2013) documented that NOA is directly in the path
of the Boulder City Bypass, a portion of Interstate-11 that will connect Las Vegas, Nevada to Phoenix,
Arizona. The presence of actinolite, a regulated amphibole asbestos mineral, caused a delay in building this
interstate while a mitigation plan was devised to protect the highway workers per Federal Occupational Safety
and Health Administration (OSHA) regulations. The Boulder City Bypass has now been completed and it also
significantly increases human access to fragile desert surfaces containing NOA. The continued population
growth of Clark County Nevada should require increased attention to NOA as part of a responsible land use
management plan for this region.
[1] Buck, B.J., Goossens, D. Metcalf, R.V., McLaurin, B., Ren, M., and Freudenberger, F., 2013. Naturally occurring asbestos: Potential
for human exposure, southern Nevada USA, Soil Science Society of America Journal 77, 2192-2204. doi:10.2136/sssaj2013.05.0183
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SOURCES AND CHEMICAL CHARACTERIZATION OF AEROSOL
PARTICLES IN AGRI VALLEY (SOUTHERN ITALY): DEVELOPMENT OF
ENVIRONMENTAL INDICATORS
Rosa Caggiano* (1), Antonio Lettino (1), Serena Sabia (1), Antonio Speranza (1), Vito Summa (1)
(1) Institute of Methodologies for Environmental Analysis (IMAA), National Research Council (CNR)

Atmospheric aerosols are one of the most challenging environmental issues mainly due to their adverse effects
on air quality and human health (Pateraki et al., 2014). In the framework of INDICARE (Indexing of regional
environmental criticalities) project were developed environmental indicators to assess the possible natural
and/or anthropogenic contribution to the finer atmospheric aerosol particles, i.e. PM1 (aerosol particles with
aerodynamic diameter less than 1 µm ), relating to both local and long-range transport emissions. To this aims
an integrated approach including chemical, geochemical, and mineralogical composition of atmospheric
aerosol particles was applied. Measurements were performed in Agri Valley (Basilicata Region – Southern
Italy). This is an area of international concern since it houses one of the largest European on-shore reservoirs
and the biggest oil/gas pre-treatment plant (i.e., Centro Olio Val d’Agri – COVA) within a natural (Appennino
Lucano – Val d’Agri – Lagonegrese National Park) and anthropized context. This last is characterized by
several small towns with about 50,000 inhabitants. Daily PM1 mass concentrations and 16 trace elements (i.e.,
Al, Ca, Cd, Cr, Cu, Fe, K, Li, Mg, Mn, Na, Ni, Pb, S, Ti and Zn) PM1-related were assessed from June 2014 to
March 2015. PM1 aerosol particles were collected using a low volume gravimetric sampler. The total
concentrations of trace elements were measured by means of an Inductively Coupled Plasma Optical Emission
Spectrometry (ICP-OES, Varian – Vista MPX) or an Atomic Absorption Spectrometry Furnace Graphite
(GFAAS). The geochemical and mineralogical composition of individual aerosol particles was analyzed by
means of a field emission scanning electron microscope (FESEM) equipped with an Energy Dispersive X-ray
Spectrometer (EDX). The Principal Component Analysis (PCA) was used to identify the main PM1 sources.
The Hybrid Single Particle Lagrangian Integrated Trajectory model (HYSPLIT) of the National Oceanic and
Atmospheric Administration (NOAA) (https://www.ready.noaa.gov/HYSPLIT.php) was used to assess the
origin and the path of the incoming air masses over the study area. Special event (i.e., Saharan dust event, gas
flaring, interrupt COVA activities) occurred during the study period were considered. Environmental indicators
based on the concentration ratios between the trace elements measured in PM1 were identified. The Ti/Fe ratio
was a good indicator of natural contribution to the PM1 measured, whereas (Ni+Pb)/(Cd+Cr) ratio was a good
indicator of the anthropogenic contribution to the PM1 measured represented by traffic and industrial activities,
that were mainly related to the extraction of hydrocarbons and their pre-treatment in the COVA plant.
[1] Pateraki, St., Asimakopoulos, D.N., Bougiatioti, A., Maggos, Th., Vasilakos, Ch., and Mihalopoulos, N.: Assessment of PM2.5 and
PM1 chemical profile in a multiple-impacted Mediterranean urban area: origin, sources and meteorological dependence. Sci. Total
Environ., 479–480, 210–220, 2014.
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THERAPEUTIC MUD OF THE EUGANEAN THERMAL DISTRICT (NE
ITALY): CHLOROPHYLL A VARIATIONS AND RELATIONSHIPS WITH
MINERALOGY AND GEOCHEMISTRY
Andrea Calderan (1), Anna Carraro (2), Claudia Honisch (1), Alberto Lalli (3), Paolo Ruzza (1),
Fabio Tateo* (2)
(1) Istituto di Chimica Biomolecolare - CNR, (2) Istituto di Geoscienze e Georisorse - CNR, (3) Consorzio Aquaehotels

Background. The therapeutic mud in the Euganean area is characterized by organic materials produced by the
biological and metabolic activities of the microorganisms that proliferate during the “maturation” period. The
maturation involves the physico-chemical features of the water, the mineralogy and chemistry of clay materials,
the biological community which develops in the pond and all the possible interactions. In the Euganean District
the Regional authorities has issued a disciplinary that regulates this complex process, including the source of
the virgin clay, which is supplied from a small local lake. A single exploiting site used by about one hundred
therapeutic centres is really an exceptional case all over the world; therefore, the Euganen district is suitable for
studying how the maturation procedures can affect the quality of spa products. To evaluate the characteristics
of therapeutic mud the content of chlorophyll a was measured along 2 years in 29 therapeutic centres and in the
lake (more than 650 samples). The mineralogy and geochemistry of virgin clays and therapeutic mud was also
studied.
Methods. The samples were dried, treated with N,N-dimethylformamide and the extracts analysed by UV-Vis
spectrophotometer to determine chlorophyll a and its derivatives (thereafter called CaDs). One sample of
therapeutic mud was kept at room temperature in the dark to check the spontaneous variation of CaDs in
absence of photosynthetic activity. The Rietveld method was used for minerals quantification by X-ray
diffraction and the geochemical analyses were done by X-ray fluorescence on fused disks.
Results. The content of CaDs turned out to be a significant parameter to distinguish virgin clays (high contents)
and therapeutic mud; moreover, along the 2 years of sampling, for most centres it was possible to identify
peculiar median concentration of CaDs, time variability trend and dispersion around the trend line. The sample
in the dark also shows a decrease of CaDs, with a trend similar to some thermal centres. The mineralogical and
geochemical composition are more homogeneous through the centres, with few exceptions. An unespected
positive linear correlation was found between some minerals (kaolinite, illite and pyrite) and the CaDs
contents, which was previously considered as an evidence of the biological activity in the maturation ponds.
Conclusions. The similar decrease trend of CaDs in thermal centres and in absence of photosynthetic activity
indicates that CaDs are not reliable indicators of the biological activity, but rather of the provenance of virgin
clays from a lacustrine basin already rich in CaDs. The CaDs contents measured in therapeutic mud can be
considered as the resultant of degradation of chlorophyll a sedimented in the lake (main component) and the
chlorophyll a produced by microorganisms in the maturation ponds at the mud-water interface. The frequency
of mud shuffling in the ponds, the bioglea growth and the proportion of virgin clay and recycled mud can be
key factors in sustaining the CaDs content of therapeutic mud over time. An additional feature arises from the
CaDs-mineral relationship: during therapies some clay component remains attached to the skin of patients, and
it will be lost during the shower. The repetition of such process due to mud recycling over time makes the older
mud depleted of clay minerals for mechanical reasons, but also depleted in CaDs for the spontaneous
degradation of chlorophyll a (possible CaDs absorption onto clay surface is also possible). Although
chlorophyll a can be a reliable indicator of the biological activity in laboratory cultures or in the topmost part of
the maturation pond, the CaDs content of therapeutic mud can be considered the witness of the lacustrine
environment from which mud is extracted and a monitor of the maturation-recycling procedure used in the
thermal centres.
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INHALATION OF PARTICULATE MATTER - POTENTIAL IMPACTS TO
HUMAN HEALTH - A MEDICAL GEOLOGY PERSPECTIVE
Jose A. Centeno* (1)
(1) International Medical Geology Association

Atmospheric particles originate from a variety of sources, both natural and anthropogenic. While aerosol
pollutants such as NOx and SOx are mainly from industrial activities, airborne natural mineral dust has existed
as long as there has been loose particles and wind on earth. Recently, much interest has been developed in
studying the total aerosol load in the atmosphere, as well as their metal chemistry and microbiological
composition. Several of these studies have conclusively demonstrated that these characteristics (eg,
geochemical as well as biological composition), are strongly influenced by presiding climate systems and
presence of dry land areas (deserts) and industrialized areas. Hence, natural dust is a form of geologic
emission, arising from arid land areas, or from any human activity disturbing the earth’s surface such as
mining, agriculture, construction, etc.
Health effects from exposure to particulate matter have been widely described in the medical
respiratorydiseases’ literature. Direct contact with potentially harmful particles and the fine, fragile airways
contributes tomaking the respiratory system a major target for dust and toxic agents. But toxic agents carried by
dust canalso exert adverse effects in other parts of the body as they are dissolved in the lung and absorbed into
theblood stream. It is not only the inhalation pathway that needs to be considered, but also the
increasedexposure from dust deposition on edible crops and drinking water sources. Thus, in order to set
uppreventive measures and regulations to particulate matter levels to ensure public health safety, it is critical to
gain knowledge about the chemical toxicology, composition and potential health effects of particulate
matterand environmental dust exposure. Medical Geology scientists are concerned with studying the impacts
of geologic materials and geologic processes such as geogenic dust, on animal and human health.
Geochemicalinformation on dust sources, processes that affect mobilization, and transport of dust, as well as
toxicological information on the effects and pathways of dust particles through respiratory organs are needed.
In addition, careful studies on dust levels, chemical composition, and environmental pathology are required.
Thispresentation will emphasize the global scale of the problem from a medical geology perspective, in terms
ofits environmental, chemical, and human health implications.
Keywords: environmental dust, particulate matter, metals, medical geology, toxicology, public health
[1] Assessment of geographical variation in the respiratory toxicity of desert dust particles. Taylor K, Foster ML, Law JM, Centeno JA,
Fornero E, Henderson MS, Trager SA, Stockelman MG, Dorman DC. Inhal Toxicol. 2013 Jun;25(7):405-16. doi:
10.3109/08958378.2013.797524.
[2] Biological responses in rats exposed to cigarette smoke and Middle East sand (dust). Dorman DC, Mokashi V, Wagner DJ, Olabisi AO,
Wong BA, Moss OR, Centeno JA, Guandalini G, Jackson DA, Dennis WE, Lewis JA, Thomas RS, Chapman GD. Inhal Toxicol.
2012;24(2):109-24. doi: 10.3109/08958378.2011.647413.
[3] Health and natural hazards. Centeno JA. Analyst. 2007 Jun;132(6):T47
[4] Foreword: 10th anniversary review: natural disasters and their long-term impacts on the health of communities. Centeno JA. J Environ
Monit. 2008 Feb;10(2):166; discussion 167-75. doi: 10.1039/b800850g. Epub 2008 Jan 21.
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THE TRACES OF ANTHROPOGENIC FOOTPRINTS ON THE MAR
PICCOLO BASIN (TARANTO, SOUTHERN ITAY)
Francesco De Giosa* (1), Giovanni Scardino (2), Eliana Valenzano (2), Marco D'Onghia (3), Pietro
Demonte (3), Paola Fago (2), Gianluca Saccotelli (3), Massimo Moretti (2), Raffaerle Velardo (4),
Gennaro Capasso (4), Vera Corbelli (4), Giuseppe Mastronuzzi (2)
(1) Environmental Surveys s.r.l. Spin Off c/o Università degli Studi di Bari, 74121 Taranto, (2) Dipartimento di Scienze
della Terra e Geoambientali, Università degli Studi di Bari Aldo Moro, 70121 Bari, Italy, (3) Consorzio Inter-Universitario
delle Scienze del Mare, CoNISMa, 00196 Roma, Italy, (4) Autorità di Bacino Distrettuale dell’Appennino Meridionale,
81100 Caserta, Italy

Over the last two decades, the scientific interest for marine geophysical surveys has shown a huge increase,
mostly for the multidisciplinary applicability on different studies, from historical heritage to environmental
remediation. One of the main research fields, carried out through marine geophysical surveys, is the study of
the wreckage footprints connected to the seabed perturbation, as the study case of Taranto (Southern Italy)
[1–3]. An integrated study was performed in the highly polluted of Mar Piccolo and Mar Grande basins,
through a multidisciplinary approach involving geological, biological, chemical, engineering, and ecological
studies. The main purpose of the work was to identify any potential anthropogenic features such as
uncontrolled dumping, wrecks, or other objects of peculiar origin. Different marine geophysics methods were
used to characterize the main sea-floor features and to detect each anthropogenic feature [4,5]. High-resolution
morphobathymetric, magnetometric, and seismic data revealed the story of the Italian Royal Navy Leonardo Da
Vinci battleship which sunk on 2 August 1916 as a slight footprint on the Mar Piccolo seabed but a deep
historical heritage of the city of Taranto [6]. A lot of anthropogenic features have been detected on the seabed
and are referred to towing and dragging operations to remove the Leonardo Da Vinci wreckage. Many others
anthropogenic features have been referred to explosions with detected traces along the coasts as well. Results
show high-resolution marine survey methodologies’ complete applicability to environmental, historical, and
scientific issues.
[1] Bracchi, V.; Marchese, F.; Savini, A.; Chimienti, G.; Mastrototaro, F.; Tessarolo, C.; Cardone, F.; Tursi, A.; Corselli, C. Seafloor
integrity of the Mar Piccolo Basin (Southern Italy): quantifying anthropogenic impact. Journal Of Maps 2016, 12, 1–11,
doi:10.1080/17445647.2016.1152920
[2] Caroppo, C.; Portacci, G. The First World War in the Mar Piccolo of Taranto: First case of warfare ecology? Ocean & Coastal
Management 2017, 149, 135–147, doi:10.1016/j.ocecoaman.2017.09.020
[3] Lisco, S.; Corselli, C.; De Giosa, F.; Mastronuzzi, G.; Moretti, M.; Siniscalchi, A.; Marchese, F.; Bracchi, V.; Tessarolo, C.; Tursi, A.
Geology of Mar Piccolo, Taranto (southern Italy): the physical basis for remediation of a polluted marine area. Journal Of Maps 2016, 12,
173–180, doi:10.1080/17445647.2014.999136
[4] Valenzano, E.; Scardino, G.; Cipriano, G.; Fago, P.; Capolongo, D.; De Giosa, F.; Lisco, S.; Mele, D.; Moretti, M.; Mastronuzzi, G.
Holocene morpho-sedimentary evolution of the Mar Piccolo basin (Taranto, Southern Italy). Geografia Fisica e Dinamica Quaternaria
2018, 41, 119–135, doi:10.4461/GFDQ.2018.41.8
[5] Tursi, A.; Corbelli, V.; Cipriano, G.; Capasso, G.; Velardo, R.; Chimienti, G. Mega-litter and remediation: the case of Mar Piccolo of
Taranto (Ionian Sea). Rend. Fis. Acc. Lincei 2018, 29, 817–824, doi:10.1007/s12210-018-0738-z
[6] Scardino, G.; De Giosa, F.; D’Onghia, M.; Demonte, P.; Fago, P.; Saccotelli, G.; Valenzano, E.; Moretti, M.; Velardo, R.; Capasso, G.;
et al. The Footprints of the Wreckage of the Italian Royal Navy Battleship Leonardo Da Vinci on the Mar Piccolo Sea-Bottom (Taranto,
Southern Italy). Oceans 2020, 1, 77–93, doi:10.3390/oceans1020007
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POTENTIALLY TOXIC METALS AND PERSISTENT ORGANIC
POLLUTANTS HIGH RESOLUTION MONITORING AT REGIONAL AND
LOCAL SCALE IN THE SOIL, AIR, AND BULK DEPOSITION OF THE
CAMPANIA REGION, SOUTHERN ITALY: SOURCES, ENVIRONMENTAL
PROCESSES AND HEALTH ISSUES
Benedetto De Vivo* (1), Annamaria Lima (2), Chengkai Qu (2), Dave Hope (3), Alberto Fortelli
(2), Matar Thiombane (4), Pellegrino Cerino (5), Antonio Pizzolante (5), Stefano Albanese (2)
(1) Pegaso University, Napoli, (2) Dept Earth Sci., Env. and Resources, University of Napoli Federico II, Italy, (3) Pacific
Rim Lab, Surrey, Canada, (4) Haemers Technology group, Chaussée de Vilvorde, 204 B-1120 Brussels, Belgium, (5)
Istituto Zooprofilattico Sperimentale del Mezzogiorno, Portici, Italy

Campania Region, Southern Italy, in the last 10 years was facing a number of potential environmental issues
which needed to be addressed, with the proper scientific approach, to alleviate pressure from public opinion,
based more on emotions than on scientific data. Such pressure indicated an increase of oncological incidence,
not supported by scientific data on the presence of anomalous pollutants in different natural media (soil, water,
air, agricultural products). We proposed to Regional Authorities an innovative, multidisciplinary, approach to
face environmental and health alarm. We proposed, to start with, to get a deeper and scientific knowledge of the
Campania territory carrying out geochemical investigations, to: 1) characterize the geochemical composition of
agricultural and metropolitan areas soils, air, vegetable crops and groundwater at regional and local scale; 2)
define the level of bio-availability of the toxic elements and compounds; 3) determine the absorption rates of
the various types of vegetable crops of potential chemical contaminants; 4) try to demonstrate a direct
relationship between the presence of contaminants in the various environmental matrices, in agricultural
products and finally in the human matrices (hair, urine, blood) through innovative methods. All this to: a) try to
determine on scientific bases, where possible, the potential migration paths followed by potential pollutants
from the geological-environmental sector to the biological sector and, from the latter, along the entire path
(trophic chain) towards the apex, represented by human beings; b) scientifically demonstrate the traceability of
agri-food products that reach consumers, with the aim of characterizing (and possibly
“certifying”) the quality of healthy products typical of different species. Under our pressure, finally the
Campania Regional Government in 2015 funded a large environmental project aimed at better environmental
knowledge, using different sampling matrices: soils, air, water, vegetables and biological samples. Such large
project, known as Campania Transparent (Campania Trasparente), was funded to Istituto Zooprolifattico del
Mezzorgiorno (IZSM), under the scientific leadership of one of us and other researchers with different
expertises (hydrogeology, soil sciences, biology, medicine). Within this project we got data on the presence of
the potentially toxic metals (PTMs) and hazardous persistent organic pollutants (POPs: Organochlorine
Pesticides – OCPs; Polychlorinated Biphenyls – PCBs; Polycyclic Aromatic Hydrocarbons – PAHs; Phthalates
– PAEs; Polybrominated Diphenyl Ethers – PBDEs) in different media of the entire Campania Region. The new
large dataset complemented our research and monitoring activities, which before 2015, were focused mostly on
PTMs in soils, both at regional and local scale. In the Campania Trasparente project, samples of top and
bottom soils (9,000), air and bulk deposition (from 150 passive air samplers, over 7 seasons), waters
(1,200), vegetation (2,500) and biological (4,200) media, were collected to characterize the status of PTMs and
POPs. The results obtained showed that most of these elements and compounds are pervasive in all the studied
environmental matrices, but mostly, critical, hotspot areas were found to occur in Napoli Metropolitan Area
(NMA) (e.g., the Bagnoli Brownfield Site; area north of Napoli, known as the “Triangle of the Death”; the
Sarno river basin). We found mostly that the area, in the Caserta and Napoli provincial territory, known as
Terra dei Fuochi (Land of Fires), was only marginally interested by anomalous occurrence of PTMs and POPs.
In other words in such area were found only some critical spot areas, as every where else within the Campania
Region, not justifying the emotional alarms calling for an incidence increase of oncological cases due to diffuse
practice of wastes, illegally, disposed underground in the area. Mostly it was found that the agricultural crops of
the Terra dei Fuochi were not affected by anomalous toxic contaminants. The ecological risk conditions for
PAHs and some OCPs (e.g. Endosulfan) were determined, mostly in NMA. PCBs were found to be sourced
mostly in urban areas, being dissipated in rural areas, whereas PAEs and PBDEs occurred, in general, in
concentrations similar to those reported in other Italian regions, with some PBDEs higher hot spot values
mostly in NMA and south of Salerno town. The interactional complexity between metropolitan and the
surrounding rural areas was also confirmed, as it is the role that urban areas play in the migration and
transformation process of POPs. High urban-rural gradients for atmospheric PAHs, PCBs and OCPs were
observed mostly in the NMA and the urban areas, identified as the main emission source of these contaminants.
With the OCPs residues, originated from the nearby agricultural areas, experiencing long-term soil re-emission
and continuously influencing conterminous urban environment via atmospheric transport processes.
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POTENTIALLY TOXIC ELEMENTS (PTES) DISTRIBUTION AND MAIN
GEOCHEMICAL PROCESSES IN SABATO RIVER CATCHMENT BASIN
(SOUTHERN ITALY)
Salvatore Dominech* (1), Annalise Guarino (2), Antonio Aruta (2), Pooria Ebrahimi (2), Shouye
Yang (1), Stefano Albanese (2)
(1) State Key Laboratory of Marine Geology, Tongji University, Shanghai, China, (2) Dept Earth Sci., Env. and Resources,
University of Napoli Federico II, Italy

The catchment basin of Sabato River (with an area of ca. 459 km²) in Southern Italy has been historically
characterized by the presence of urban settlements and industrial development areas along its course (with a
total length of 50 km). A total of 35 stream sediment samples was collected in 2019 from the main course of the
river right after any tributaries inlet and upstream and downstream of the main industrial and urbanized areas
within the basin.
After their collection, samples were oven-dried (temperature was kept below 37°C to preserve Hg content) and
sieved (< 200 mesh) at the Environmental Geochemistry Laboratory (EGL) of University of Napoli Federico II;
an aliquot of each sample was sent to Bureau Veritas Laboratories (Vancouver, Canada) for chemical analysis.
The concentrations of 53 elements were determined through a combination of Inductively Coupled Plasma
Mass Spectrometry (ICP-MS) and Inductively Coupled Plasma Emission Spectroscopy (ICP-ES) following a
modified aqua regia digestion. Grain size analysis was also performed at Nanjing University (China). For the
purposes of this study, geochemical data have been processed according to Compositional Data Analysis
fundamentals [1] and the dataset has undergone a centred log-ratio (clr) transformation due to its capability of
preserving both geometric properties and one-to-one relationship within the variables. Both raw chemical data
and clr values of a subset of potentially toxic elements (PTEs – As, Cd, Cr, Cu, Hg, Pb, Zn) has been plotted,
from source to sink (S2S). Geochemical data variations along the river course were also compared with clay/silt
ratio and sedimentation transport index (STI) in order to recognize any geomorphological or hydrodynamic
influence on them.
For each element of interest, raw concentrations have been compared with the Upper Baseline Limit (UBL)
estimated by Albanese et al. (2007) for Campania region to determine potential anomalies.
Furthermore, since in literature there are no reference values for log-ratio transformed data, the anomaly
threshold for clr-transformed data have been established applying the approach proposed by Reimann et al.
(2005), which replaces the arithmetic mean with the median and the standard deviations with the median
absolute deviation (MAD). These estimators are strongly suggested as they are robust against extreme values.
Among PTEs, As, Cd, Cu and Zn showed some scattered enrichments along the river course suggesting the
influence of some anthropic sources (urbanized and agricultural areas) on chemical composition of sediments.
To identify the main natural and anthropogenic processes active in the Sabato catchment, a Principal Factor
Analysis (PFA) on clr-transformed data, according to the procedure proposed by Filzmoser et al. (2009), has
been performed on a selection of 11 variables (i.e. elements) characterized by a larger count of high correlations
(> .80) within the dataset. Two factors (as associations of elements) have been determined: the first factor
(including Be, Ce, Al, As, La, Cs and Tl) has been related to the presence of pyroclastic materials spread all
along the catchment; the second factor (including Na and K with Ni and Cr in antithesis), has been assumed as a
proxy for the grain size variations: positive scores are indicative of a mayor abundance of the coarser sediments
and negative scores locate samples with a high content of finest fraction.
[1] Aitchison J. (1984). The statistical analysis of geochemical compositions. Journal of the International Association for Mathematical
Geology 16(6), 531–564.
[2] Albanese S., De Vivo B., Lima A., Cicchella D. (2007). Geochemical background and baseline values of toxic elements in stream
sediments of Campania region (Italy). Journal of Geochemical Exploration 93(1), 21–34.
[3] Reimann C., Filzmoser P., Garrett R.G. (2005). Background and threshold: Critical comparison of methods of determination. Science of
the Total Environment 346(1–3), 1–16.
[4] Filzmoser P., Hron K., Reimann C., Garrett R. (2009). Robust factor analysis for compositional data. Computers and Geosciences
35(9), 1854–1861.

Scientific Research Abstracts
Vol. 10, p. 17, 2020
ISSN 2464-9147 (Online)
INTERNATIONAL MEETING OF GEOHEALTH SCIENTISTS | GHC 2020
© Author(s) 2020. CC Attribution 3.0 License

HUMAN BIOACCESSIBILITY OF HEAVY METALS AND METALLOIDS
NATURALLY OCCURRING AT HIGH LEVELS IN CHESTNUT GROVE
SOILS OF SW SPAIN
Juan Carlos Fernández-Caliani* (1), Sandra Fernández-Landero (1), Inmaculada Giráldez (2)
(1) Department of Earth Sciences, University of Huelva (Spain), (2) Department of Chemistry, University of Huelva
(Spain)

Chestnut grove soils of the Sierra de Aracena (Huelva, SW Spain) contain elevated levels of naturally
occurring heavy metals and metalloids, which have been accumulated in topsoil by supergene enrichment and
pedogenetic processes. In this study, oral bioaccessibility of such geogenic trace elements was assessed by in
vitro simulation of human digestion, following the validated Unified BARGE Method (Wragg et al., 2009).
The purpose was to quantify the bioaccessible fraction of trace elements that can be solubilized by the digestive
fluids in the gastrointestinal tract, and thus becomes available for absorption. Bioaccessible trace element
concentrations were measured by ICP-OES (Cu, Pb and Zn) and ICP-MS (As, Cd, Co, Cr, Ni, Sb and Tl). The
accuracy of the extraction protocol was evaluated by analyzing the standard reference material NIST 2710a.
Measurements of in vitro bioaccessibility using this assay may help in assessing the human health risks posed
to the farm workers that are being exposed to harmful trace elements via incidental ingestion of soil particles by
hand-to-mouth transfer.
The results showed that a considerable portion of the total trace element concentrations could be available for
gastrointestinal absorption. According to their mean values (shown in brackets), the relative bioaccessibility of
trace elements in the gastric phase increased in this order: Cr (0.7%) < Sb (3.0%) ≈ As (3.1%) < Ni (6.8%) < Tl
(9.5%) < Zn (13.2%) < Cu (14.1%) ≈ Co (14.2%) << Pb (21.5%) << Cd (37.8%), whereas in the
gastrointestinal phase the order was: Cr (0.5%) < As (3.5%) ≈ Zn (3.6%) < Pb (4.5%) < Sb (6.1%) < Ni (6.8%)
< Cd (12.1%) < Co (12.8%) < Tl (13.9%) < Cu (17.3%).
A plausible explanation for the chemical partitioning pattern between gastric and gastrointestinal phases of the
sequential in vitro extraction is based on the strongly pH-dependent behavior of trace elements. The highly
acidic environment of the stomach increased the solubility of Cd, Pb and Zn in the gastric extracts. The
decrease of bioaccessibility of such divalent heavy metals observed in the gastrointestinal phase may be
attributed to chemical precipitation from solution under the slightly alkaline conditions prevailing in the small
intestine and/or re-adsorption onto remaining soil particles. Bioaccessibility of Cu and Tl was significantly
increased (p<0.04) after gastrointestinal digestion, probably due to the use of certain organic reagents that can
form complexes with ions of these metals at the near-neutral pH of the gut, thus enhancing their
bioaccessibility. Oxyanion-forming elements, like As, Sb and Cr, appear to be evenly distributed among the
gastric and gastrointestinal phases, suggesting that their solubilities were similar in both compartments.
Statistically significant high correlations between bioaccessible concentration of trace elements and certain soil
parameters (cation exchange capacity, total organic carbon and iron oxides content) were obtained, suggesting
that bioaccessibility is affected not only by the pH and composition of digestive solutions, but also by the
physico-chemical properties and constituents of the soil.
[1] Wragg, J., Cave, M., Taylor, H., Basta, N., Brandon, E., Casteel, S., Gron, C., Oomen, A., & Van de Wiele, T., 2009. Inter-laboratory
Trial of a Unified Bioaccessibility Procedure. British Geological Survey, Open Report OR/07/027
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THE FUTURE ENVIRONMENTAL AND HEALTH IMPACTS OF COAL
Robert Finkelman (1), Michael Hendryx (2), Amy Wolfe* (3)
(1) University of Texas at Dallas, (2) Indiana University, (3) University of Kentucky

In the United States, coal consumption in the last 12 years has declined from 1,045,140 million short tons in
2007 to 539,420 million short tons in 2019, a decrease of almost 50%. During that period the number of electric
power coal generators has declined from 1,470 to 738 accounting for a 21% decrease in capacity. An even
more dramatic decrease in coal use has occurred in Western Europe. This significant reduction in coal use and
the concomitant closure of coal mines and coal-burning power plants will result in substantially cleaner air,
reductions in respiratory problems such as asthma, less heart disease and hospitalizations, etc. as well as a
reduction in occupational health problems such as silicosis and Coal Workers Pneumoconiosis (Black Lung
Disease). Despite all of the positives, there are some negative aspects to this downward trend in coal mining
and use. There has been a massive loss of jobs for coal miners, engineers, electricians, biologists, geologists,
environmental coordinators, chemists, electricians, health and safety staff, etc. as well as the power plant
workers and workers that transport the coal by train, truck, and barge. There will also be job losses at the
manufacturing plants who supply the mining equipment both large and small and at all the local businesses and
shops that serve the miners and their families. Furthermore, there is also the loss of funds from taxes that would
help support the local government’s reclamation efforts. There would also be a substantial decrease in taxes
that are collected on the sales of coal and deposited in the Black Lung Disability Trust Fund to finance
payments of black lung benefits to afflicted miners. The picture is different in China, India, and Russia and in
several other Asian and African countries where some projections indicate an increase in coal production and
use. In some situations the coal is burned in old, highly polluting power plants. In addition, millions of people
in these regions still burn coal in their homes resulting in maximal exposure to the pollutants such as arsenic,
selenium, fluorine, and mercury released from coal combustion. In these regions the health impacts of coal use
could worsen.
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SYNTHESIS OF METAL NANOPARTICLES ACTING AS ACTIVE
NANOCATALYSTS
Ambra Maria Fiore* (1), Maria Michela Dell'Anna (1), Piero Mastrorilli (1), Rinaldo Poli (2)
(1) Polytechnic University of Bari, (2) CNRS, LCC (Laboratoire de Chimie de Coordination)

Nanoparticles have gained great importance thanks to their wide range of applications, such as cosmetics,
optoelectronic and semiconductor devices, catalysis and so on. Nanoparticles represent a new class of materials
that exhibit improved performance when compared with their microparticle counterpart. There has been an
explosive growth in the field of green chemistry both in preparing green nanocatalysts as well as green
conditions during catalysis of industrially important reactions. Moreover, in the design of well-defined metal
nanoparticles, nanocatalysis is now recognized as a full and rich part of catalysis [1]. An efficient method for
preparing well-controlled metal nanoparticles is the organometallic approach. Following this method, metal
complexes are decomposed under mild conditions to release metal NPs either in the presence of polymers
and/or ligands as stabilizing agents. In this work we present the synthesis of metal nanoparticles by two
different organometallic approaches. One approach consists on the co-polymerization of a
monomer-functionalized Ni(II) metal complex with a co-monomer and a suitable cross-linker, followed by
thermal reduction under nitrogen, obtaining Ni NPs. The Ni-NPs work as heterogeneous, active and recyclable
nanocatalysts [2]. They were tested in three hydrogenation reactions demonstrating that they are active and
recyclable over various substrates [3]. The second approach uses a recently developed triphenylphosphine
(TPP) functionalized and hierarchically organized (amphiphilic core-shell) polymers, termed core cross-linked
micelles (CCMs), containing either a neutral [4] or a polycationic outer shell [5], as support for metal NPs, thus
acting as polymeric nanoreactors. TPP is confined in the polymer core (TPP@CCM). The TPP@CCMs were
loaded with seven complexes and all of these polymer-supported complexes were reduced under H2 at different
temperature (depending on the metal) to give polymer stabilized metal NPs. The Rh-NPs were applied in
acetophenone and styrene hydrogenation reactions, revealing that the compatibility between substrate and the
hydrophobic polystyrene core influences the NP activity and selectivity [6]. In both cases the NP morphology
was analyzed by TEM before and after the catalytic applications, demonstrating that the NPs confinement,
distribution and dispersion are not influenced by the catalytic reaction conditions.
[1] Kango S., Kalia S., Celli A., Njuguna J., Habibie Y., Kumar R. (2013) Surface modification of inorganic nanoparticles for development
of organic–inorganic nanocomposites—A review. Progress In Polymer Science, 1232–1261
[2] Romanazzi G., Fiore A.M., Mali M., Rizzuti A., Leonelli C., Nacci A., Mastrorilli P. (2018) Polymer supported Nickel nanoparticles as
recyclable catalyst for the reduction of nitroarenes to anilines in aqueous medium. Molecular Cataysis, 31-38.
[3] Fiore A.M., Romanazzi G., Latronico M., Leonelli C., Mali M., Rizzuti A., Mastrorilli P. (2019) Mild and efficient synthesis of
secondary aromatic amines by one-pot stepwise reductive amination of arylaldehydes with nitroarenes promoted by reusable nickel
nanoparticles. Molecular Catalysis, 110507.
[4] Zhang X., Cardozo A.F., Chen S., Zhang W., Julcour C., Lansalot M., Blanco J.-F., Gayet F., Delmas H., Charleux B., Manoury E.,
D’Agosto F., Poli R. (2014) Core-shell nanoreactors for efficient aqueous biphasic catalysis. Chemistry- A European Journal,
15505–15517.
[5] Wang H., Vendrame L., Fliedel C., Chen S., Gayet F., Manoury E., Zhang X., Lansalot M., D'Agosto F., Poli R. (2020)
Core-Cross-Linked Micelles Made by RAFT Polymerization with a Polycationic Outer Shell Based on Poly(1-methyl-4-vinylpyridinium)
Macromolecules, 2198-2208.
[6] Fiore A.M., Wang H., Fliedel C., Manoury E., Philippot K., Dell’Anna M.M., Mastrorilli P., Poli R. (2020) Coordination of catalytic
metals within the core of phosphine-functionalized amphiphilic star polymers and reduction to metallic nanoparticles . manuscript in
preparation.
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MINERALOGY SUPPORTING MEDICAL SCIENCES
Saverio Fiore* (1)
(1) Institute of Methodologies for Environmental Analysis (IMAA), National Research Council (CNR)

Medical Geology is a highly interdisciplinary field of study that aim to understand the interactions between
geomaterials and humans (and animal) health, as well as the impact of geological processes on the society. In
this context, Mineralogy (and Geochemistry) play an important role and may offer relevant contributions to
solve medical problems: it is well known from hundreds of years that some minerals harmed human health and
others were beneficial.
Examples presented in this speech include problems related to the correct identification of mineral fibres,
calcification of tissues, formation of kidney-stones, potential risks induced by acicular titanium oxides, benefits
and risks of healing and edible clays, a quick look at the Crohn’s disease.
This short excursus highlights that it is mandatory to invigorate exchange of ideas between mineralogists and
medical scientists to solve apparently unintelligible problems and to identify find sources of disease-causing
agents in the environment.
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CR (VI)-CONTAMINATED GROUNDWATERS IN OPHIOLITIC AREAS:
FROM ORIGIN TO TREATMENT
Ilaria Fuoco (1), Figoli Alberto (2), De Rosa Rosanna (1), Gabriele Bartolo (3), Criscuoli Alessandra
(2), Apollaro Carmine* (1)
(1) University of Calabria-Department of Biology, Ecology and Earth Sciences, (2) ITM.CNR, (3) Department of
Chemistry and Chemical Tecnologie University of Calabria

Chromium (Cr) is a dangerous pollutant which has a strong impact on ecosystem and human health. In
environment conditions the metal can be present as both trivalent chromium, Cr(III), and its hexavalent
oxidized form, Cr(VI). The latter is an environmental issue which affects the worldwide ophiolitic aquifers.
Indeed, Cr (VI) can reach high concentrations into groundwaters and due to its toxicological effects, starting
from July 2017, Italian government has lowered the Cr(VI) limit value for drinking water to 10 µg/L. In this
work, a geochemical approach was used as strong-scientific tool for pre-selection of suitable water remediation
systems whereas the evolution of water chemistry during the water-rock interaction was also studied through a
new geochemical modeling (Fuoco et al., 2020). The new reaction path modelling was performed re-evaluating
the role of Fe as main oxidant in the system, reproducing the analytic concentration of Cr(VI). The spring with
the highest Cr(VI) content was treated to lower its concentration below the threshold values. The geochemical
characterization, including information on Cr speciation and water ionic load, allowed to identify Reverse
Osmosis (RO) and Nanofiltration (NF) as potential effective remediation technologies. The results showed
high Cr(VI) rejections (around 95%) for all tested membranes, leading to Cr(VI) concentrations below the
threshold limits. The high flux, obtained at lower operating pressures, combined with high selectivity towards
Cr(VI) makes NF a favorable remediation option, without need of other additional post-treatments. The
preliminary results of this study provide useful data for future scientific and application developments in
similar geological settings.
[1] Fuoco, I., Figoli, A., Criscuoli, A., Brozzo, G., De Rosa, R., Gabriele, B., & Apollaro, C. (2020). Geochemical modeling of chromium
release in natural waters and treatment by RO/NF membrane processes. Chemosphere, 126696
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CHARACTERIZATION OF KAOLIN MINERALS FOR THEIR USE IN
COSMETIC INDUSTRY: MINERALOGY, CRYSTALLINITY, CHEMICAL
COMPOSITION, AND THERMAL ANALYSIS.
Andrea García Vicente* (1), Adrián Lorenzo Hernández (1), Juan Morales (1), Mercedes Suárez (1),
Emilia García Romero (2)
(1) Universidad de Salamanca, (2) Universidad Complutense de MAdrid

Kaolin is a rock composed mostly of minerals from the kaolinite group, which includes kaolinite and its
polytypes, dickite and nacrite, as well as halloisite. Hernández et al., (2019) propose kaolin as an additive in the
pharmaceutical industry since it contributes to improve the quality and safety of formulas. Besides, stands out
as an excellent mask that regulates fat excess, absorbing impurities providing hydrated skin. Its
physico-chemical properties improve cosmetic qualities of makeup, providing a mattifying effect.
Five representative samples of the kaolinite group minerals and with diverse geographical locations have been
selected: BUR (Burela, Spain), GOL2 (Golpejas, Spain), Ka2 (Georgia, E.E.U.U), MER (Merillés, Spain) and
2WD (Sucre, Panama). X-ray powder diﬀraction (XRD) measurements were carried out on a BRUKER D8
ADVANCE ECO diﬀractometer with theta2theta configuration. Kaolinite crystallinity index was calculated
according to the methods proposed by Hinckley (1963) and Aparicio et al., (2006). The mineralogical
identification was completed with the chemical analysis of the samples in the Activation Laboratory in Ontario
(Canada), using FUS-ICP to major elements and FUS-MS to trace elements. Finally, the thermal analysis was
carried out in the Geological Techniques Unit of the Complutense University of Madrid, using an SDT-Q600
model that works from room temperature to 1500º with heating rates from 0.1 to 100ºC/min. The objective of
this work is to know if the studied samples are acceptable for their use in cosmetic.
Thanks to the X-ray diffraction, it is possible to identify that the BUR, KA2 and MER samples are kaolinite,
GOL2 nacrite and 2WD halloysite, whose main impurities are quartz. The amount of quartz and feldspar
impurities causes an increase in the absolute value of the Hinckley (1963) index (HI) while the effect caused in
Aparicio et al., (2006) index (AGFI) is always the same. BUR, MER and GOL2 samples are ordered-kaolinite
(HI and AGFI >1) while Ka2 sample is a disordered-kaolinite (<0.90). Besides, the loss of ignition of kaolin
samples ranges between 2.91 and 14.64%, which fits well with the pharmacopeial specifications for kaolin
(<15%).Trace elements composition of the samples was also measured, and results used to determine possible
safety concerns due to the toxicity effects. Samples KA2, MER, 2WD and GOL2 showed acceptable toxicity of
Pb with values of 47 ppm, 14 ppm, 11 ppm and 6 ppm, respectively. However, BUR (65 ppm) beats the
pharmacopeial requirements for Pb (50ppm for topical use). TGA-DSC analyses show that the temperature of
the main endothermic peaks (dehydroxylation of kaolinite and polytypes) is around 450ºC-600ºC.
MER and Ka2 samples are adequate to be used as pharmaceutical ingredients, without needing to be treated
previously. BUR sample, with 91% of kaolinite, fulfills levels of Pb. On the other hand, the presence of
important quantities of quartz and oxides in GOL2 and 2WD samples, could compromise their use and the
impurities should be removed in order to be used in industry.
[1] Aparicio, P., Galán, E., & Ferrell, R. E. (2006). A new kaolinite order index based on XRD profile fitting. Clay Minerals, 41(4),
811-817.
[2] Hernández, A. C., Sánchez-Espejo, R., Meléndez, W., González, G., López-Galindo, A., & Viseras, C. (2019). Characterization of
Venezuelan kaolins as health care ingredients. Applied Clay Science, 175, 30-3
[3] Hinckley, D. N. (1963) Variabilitiy in “Crystallinity” values among the kaolin deposits of the Coastal Plain of Georgia and South
Carolina. Clays and Clay Minerals, 11, 229-235p.
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EPIDEMIOLOGICAL AND EXPERIMENTAL EVALUATION OF THE
EFFECTS OF PROFESSIONAL AND LIFE-LONG EXPOSURE TO
PESTICIDES ON THYROID AND METABOLIC HEALTH
Antonia Giacco (1), Antonella Olivieri (2), Simona De Angelis (2), Filomena Russo (3), Francesco
Albano (4), Carla Reale (3), Marco Colella (3, 1), Massimo Mallardo (5), Concetta Ambrosino* (1)
(1) Department of Science and Technology, University of Sannio, Benevento, Italy, (2) Department of Cardiovascular and
Endocrine-Metabolic Diseases and Aging, National Institutes of Health, Rome, Italy., (3) IRGS, Biogem-Scarl, Via
Camporeale, 83031 Ariano Irpino, Avellino, Italy, (4) IEOS-CNR, Via Pansini 6, 80131 Naples, Italy., (5) Molecular
Medicine And Medical Biotechnologies, University Of Naples Federico II, 80131 Naples, Italy.

Pesticides currently play a significant role to ameliorate agricultural production, increasing economic assistance
to farmer. Noteworthy, human exposure to pesticides is ubiquitous and it is of great concern above all for
children, being exposed more than adults. Among these compounds, pesticides with endocrine disrupting
actions, i.e ethylenbisditiocarbammates (EBDC) and organophosphorus compounds (OP), have been evidenced
and included in the class of Endocrine Distruptors Compounds (EDCs). Although controversial, several
epidemiological and experimental studies evidence their role in thyroidal and reproductive dysfunctions and the
discussion would be facilitated by the identification of their mechanisms of action, not fully clarified yet.
To this aim, we conceived two phases study: firstly we performed an investigation on a sub-population of
workers exposed to a mix of pesticides to assess the risk of thyroid hypofunction; secondly we created a
model mice exposed to a similar pesticide mixture to evaluate the sex-dependent effects, on thyroid and
metabolic health, of dietary administration since the earlier developmental stages and continued life-long.
Epidemiological Study. For human study, to assess the consequences of professional exposure to the mixtures
of EBDC and OP pesticides, we recruited people as follow: 170 controls (CTRL), 123 farmers (AGR), and 53
cohabiting family members of the farmers (FCA). Exposure markers were evaluated, i.e. the urinary
metabolites of OP (alkylphosphates) and EBDC pesticides (ethylentiourea, ETU), and effect on the thyroid
(thyroid echo and biochemical profile). As evidenced by data obtained, in both genders, AGR are more
exposed to ETUs than CTRLs and FCAs are more exposed than both CTRLs and AGR themselves. Thus,
sharing the living environment for family members with AGR it can itself be considered a source of exposure.
In the AGR group, there was also a positive correlation between age at the beginning of agricultural activity
and age at the diagnosis of thyroid pathology, no effect was observed on thyroid autoimmunity. As regards
female reproductive health, in female agricultural worker there is an increased risk (OR = 1.7) of having an
abortion and a significant reduction in the length of reproductive life compared to control women.
Mouse exposure. We tried to model human exposure in mice. Briefly, male and female mice were long-term
(6-12 months) exposed to different doses (0.1 mg/kg/day, 1 mg/kg/day, 10 mg/kg/day) of chlorpyrifos (CPF,
organophosphate pesticide) and ethylene thiourea (ETU), and their combinations since the conception. We
found in all groups different grade of systemic hypothyroidism, with a dose-dependent trend. Hepatic steatosis
was detected in males exposed to the highest dose of CPF (10 mg / kg / day) and the 40% of steatotic animals
developed hepatocellular carcinoma. In agreement with these data, males steatosic livers presented the
molecular signs of local hypoththyroidism, as the down-regulation of deiodinases, while female and male
without steatosis did not. On the contrary, they had a strong upregulation of Deiodinases I, responsible of T3
local production. Female appeared to be protected by an increased estrogen level. This hypothesis was
supported by increase of ER estrogen receptor (ERalpha), both transcript and protein, in liver of CPF-exposed
females and males not developing hepatic steatosis. Overall, the data suggest the association between exposure
to EBDC and OP pesticides and thyroid disease in farmers. Furthermore, the mouse study evidence that early
and long-life exposure promote a disease resembling the metabolic syndrome in males evidencing that the
reprogramming of hormonal axis activity and interplay could have protective effects.
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SOURCES OF LEAD IN THE ENVIRONMENT
Reto Gieré* (1), Richard Pepino (1)
(1) Department of Earth and Environmental Science, University of Pennsylvania, PA 19104-6316, USA.

Research on lead exposure has documented the adverse effects on children during developmental years. Once
in the body, lead destroys nerve cells in the brain, producing impaired neuron-signal conduction, and
interfering with both cognitive functions and behavioral patterns. Lead further blocks the production of
hemoglobin, leading to anemia, fatigue and lethargy. There is no effective treatment after exposure to lead, and
damage is permanent. In the U.S., children with elevated blood lead levels (EBLLs), i.e., at or above the CDC
reference level of 5 µg/dL, consistently score lower in reading and math tests. Every year in Philadelphia,
about 2400 children with EBLLs are identified. Primary prevention by eliminating exposure to lead is the most
effective strategy in lowering risks.
The most important sources of lead in the environment include:
• lead-based household and industrial paint
• adulterated spices and other products
• health and personal care products
• emissions from lead smelters and coal-fired power plants
• emission products from leaded gasoline
• contaminated soils
• lead service lines supplying residential drinking water
This presentation will highlight some of these lead sources, the risks to vulnerable populations and the
persistence of lead in the environment.
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POTENTIALLY HARMFUL ELEMENTS AND POLYCYCLIC AROMATIC
HYDROCARBONS IN THE SOILS OF ACERRA, SOUTHERN ITALY
Annalise Guarino* (1), Antonio Aruta (1), Pooria Ebrahimi (1), Salvatore Dominech (2), Annamaria
Lima (1), Benedetto De Vivo (3), Shihua Qi (4), Stefano Albanese (1)
(1) Dipartimento di Scienze della Terra, dell'Ambiente e delle Risorse - Università degli Studi di Napoli Federico II, (2)
School of Ocean and Earth Science - Tongji University, Shanghai, (3) Pegaso University, Napoli, (4) China University of
Geosciences - Key Laboratory of Biogeology and Environmental Geology, Wuhuan

In recent years, Campania region in southern Italy has been subject to the attention of media for the alleged
wide-scale contamination of an area with an original agricultural vocation interested, nowadays, by the
presence of high environmental impact industrial activities and uncontrolled waste dumping. Often dumped
waste, specially tyres and other materials containing metals, are also illegally burned in the open countryside by
criminal people to recover second raw material to resell. Due to this infamous practice, the territory, around the
town of Acerra has been informally renamed as “Land of Fires”. Furthermore, Acerra together with the small
towns of Marigliano and Nola represent the vertices of an ideal polygon defined by Senior and Mazza (2004) as
the “Triangle of death” [1]. According to these authors, the population living in the area, heavily exposed to
toxic and carcinogenic substances, is, on the average, affected by a incidence rate of cancer and affine
pathologies higher than the regional average.
With the aim of defining the actual environmental conditions of the Acerrra area and its surroundings, a total of
121 topsoils samples were collected across the whole area to determine the concentrations of some potentially
toxic elements (PTEs) (i.e. As, Be, Cd, Co, Cr, Cu, Hg, Ni, Pb, Sb, Se, Sn, Tl, V e Zn). In addition, further 33
soil samples were collected, at a lower sampling density, to determine concentrations of 16 among the most
harmful compounds belonging to the family of polycyclic aromatic hydrocarbons (PAHs).
Concentrations of PTEs and PAHs were compared with the guidelines established for residential lands by
Italian Environmental Law (D.lgs. 152/2006) (IEL) and the first results showed that several elements (mainly
Tl, Be, Sn and to a lesser extent V, Cu, Zn, Pb) and compounds (i.e. benzo(a)pyrene, benzo(ghi)perylene,
indeno(123,cd)pyrene and benzo(b)fluoranthene) pose an hazard for exposed local population.
Specifically, the north-eastern sector of the study area appears to be characterized by low hazard, while the area
south of Acerra is associated with a significant environmental hazard since, on the average, more than 7
contaminants, among the ones considered, show values exceeding the guidelines values established by IEL. A
relevant hazard is also recorded in correspondence with the urban centres of Acerra, Pomigliano, Brusciano and
Marigliano, where an higher number of contaminants, including Cu, Pb, Zn, benzo(a)pyrene,
benzo(ghi)perylene and indeno(123,cd)pyrene, exceed the relative guidelines.
The so-called diagnostic ratios were used for the discrimination of the emission sources relating to PAHs.
Results obtained show that, in almost the whole area, most of the compounds in soil derive from pyrogenic
processes, that is formed when organic matter is exposed to high temperatures in anoxic conditions, rather than
petrogenic processes.
A Preliminary Quantitative Risk Assessment carried out using the total concentrations of PAHs, expressed as
benzo(a)pyrene-equivalent concentrations, allowed to estimate the carcinogenic risk for the resident population
deriving from the exposure to these compounds. Near urban centers (mainly Acerra), as regards children, the
risk associated with an increase of cancer incidence resulted to be 2 in a million people, while for adults it
resulted in 7 in a million: the admissible threshold for individual risk is normally set at 1 case in a million.
[1] Senior K., Mazza A., 2004. Italian "Triangle of death" linked to waste crisis. The Lancet Oncology 5(9): 525-527
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PEDOGENIC RADON FLUXES PREDICTIONS FROM GEOCHEMICAL
DATA AND GAMMA RAY: THE CAMPANIA REGION EXPERIMENT
Annalise Guarino* (1), Aruta Antonio (1), Pooria Ebrahimi (1), Salvatore Dominech (2), Daniela
Zuzolo (3), Annamaria Lima (1), Domenico Cicchella (3), Stefano Albanese (1)
(1) Dipartimento di Scienze della Terra, dell'Ambiente e delle Risorse - Università degli Studi di Napoli Federico II, (2)
School of Ocean and Earth Science - Tongji University, Shanghai, (3) Dipartimento di Scienze e Tecnologie - Università
degli Studi del Sannio

The products of the natural decay of uranium-238, an unstable isotope of a radioactive element almost
ubiquitous in geological materials, include radon-222 (Rn-222) and radium-226 (Ra-226). Rn-222 has a
half-life of 3.8 days and its decay products (progeny) are represented by further radioactive isotopes of
polonium (Po-218, Po-214, Po-210), bismuth (Bi-214, Bi-210) and lead (Pb-214, Pb-210).
Radon (mostly Rn-222), abundant in igneous rock and volcanic soils, is the main source of natural radiation to
which human beings can be exposed during their life and it is considered the second indirect leading cause of
lung cancer after cigarette smoking. In fact, while radon is an inert gas, his progeny is electrically charged and
can adhere to airborne particles. If inhaled, Rn-222 can decay in its progeny and particles can deposit in the
lungs and irradiate brachial tissue leading to lung cancer in the long run.
In Campania, a region located on the south-western sector of the Italian peninsula whose territory is mostly
characterized by the presence of volcanic lithotypes and sediments, in 2003 an intensive gamma-ray
spectrometry survey was performed, for a total of 2396 measurements stations [1]. In addition, during several
sampling campaigns concluded in 2015, a total of 3822 topsoil samples were collected over the whole territory
[2]. Radiometric and geochemical compositional data were elaborated to estimate the potential fluctuation of
Rn-222 in the soil of Campania region.
Terrestrial Gamma Dose Rate (TGDR), which represents the gamma-radiation emitted by the decay of
naturally occurring radioactive nuclides present in the Earth’s crust, is considered a good proxy to determine
the pedogenic Rn-222 flux. The K, Th and U soil concentrations and K-40, U-238 and Th-232 activity values,
acquired during the two different environmental prospecting campaigns reported above, through a series of
empirical relationship [3], were used to calculate the TGDR at each soil sampling and gamma radiation
measurement location, with the final purpose of quantifying the amount of Rn-222 flux from the ground.
Flux data generated were mapped for each individual dataset and the resulting distribution patterns and values
were compared.
A regression analysis was performed to quantitatively assess the functional relationship among the flux data
determined from the gamma radiation and the ones determined from geochemical data. For the inner part of the
region, some strong discrepancies among the flux maps roughly correspod with the presence of several
quaternary active faults which could facilitate the rising of gases (probably including CO2 as a carrier) from the
deepest geological layers. For the outer part of the region, where volcanic complexes are located (i.e. Mt.
Somma-Vesuvius, Mt. Roccamonfina, Phlegrean Fields), discrepancies could be explained by the presence
thick layers of volcanic rocks/sediments below the alluvial sandy soils.
[1] Lima A., Albanese S., Cicchella D., 2005. Geochemical baselines for the radioelements K, U, and Th in the Campania region, Italy: A
comparison of stream-sediment geochemistry and gamma-ray surveys. Applied Geochemistry 20(20):611-625
[2] De Vivo B., Lima A., Albanese S., Cicchella D., Rezza C., Civitillo D., Minolfi G., Zuzolo D., 2016. Atlante Geochimico-Ambientale
dei Suoli della Campania - Environmental Geochemical Atlas of Campania soils. Aracne Editrice, Roma.
[3] Manohar S.N., Meijer H.A.J., Herber M.A., 2013. Radon flux maps for the Netherlands and Europe using terrestrial gamma radiation
derived from soil radionuclides. Atmospheric Environment 81:399-412
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A CASE OF GLYPHOSATE OCCURRENCE AT VERY HIGH
CONCENTRATIONS IN EASTERN COLOMBIA: INDEPENDENT
MONITORING COUNTS MORE THAN EVER.
Carlos Guio* (1), Eduardo Quintero (1)
(1) Corporación Geoambiental Terrae, NGO

Glyphosate application in Colombia has been unlike in other country. It started in 1984 as a massive action to
eradicate marihuana plantations through aerial spraying, and expanded later to opium poppy and coca crops.
The most recent eradication plan, known as PECIG, came to a halt in 2015 due to legal complaints asking to
enforce the precautionary principle. Nevertheless, in 2019, Colombian National Police submitted a renewed
Environmental Management Plan (PMA, for its Spanish acronym) for licensing review, advocating the
PECIG’s reactivation. The new PMA argues that, based on sufficient knowledge about the innocuous nature of
glyphosate, its lack of mobility and well documented practices in Colombia’s agroindustry, reactivation is
possible. The scarce number of glyphosate environmental fate studies in Colombia’s diverse landscapes
suggests otherwise; thus, the relevance of independent monitoring in different settings. This study aimed to 1)
test a low-cost analytical method for high glyphosate environmental concentrations, 2) document glyphosate
migration from sprayed to protected areas, and 3) gain a preliminary understanding about how soil distribution
patterns influence glyphosate dispersion in the overflow savannah landscape.
The long-standing practice of aerial spraying has been transferred to legal crops as well. In Colombian eastern
flatlands, land use change in favor of monocultural rice crops brought glyphosate along. The study site (Aves
de Jah’) is a Natural Reserve of the Civil Society where conservation has been practiced for over two
generations, but it is being surrounded by rice plantations since 2014, in accordance to the land use capability
suggested by the national soil survey institute (IGAC) in a regional assessment. Water and soil samples where
collected there between April and May 2019, at the peak of the dry season. For soils and sub-surface water
samples (from water-saturated horizons), a stratified random sampling design, based on k-means clustered
environmental covariables, was used on 10m resolution Sentinel-2 imagery to select representative locations;
for surface water samples, convenience sampling due to accessibility was preferred. 18 filtered water samples
were analyzed with UV-vis spectrophotometry (detection limit at 249 µg/l) according to Felton et al. (2018)
and Waiman et al. (2012), and 15 soil surface samples with LC-MS/MS (detection limit at 10µg/l) by a
certified laboratory. Soil profiles and geoelectrical transects where studied in the field, and physicochemical
soil surface properties in laboratory.
Results show that the fine geomorphology and short-range soil variability in the overflow savannah condition a
complex distribution of surface and sub-surface water pockets, between which glyphosate transport occurs.
Concentrations between 250 and 2200 µg/l were found at eight locations in the natural reserve: four of them
from 250 to 820 µg/l in water of saturated soil horizons at ca. 1m depth, three among them located at ca. 500m
from the boundaries within the reserve. These concentrations are two to three orders of magnitude higher than
the average concentration in occurrences documented in several countries (Van Bruggen et al., 2018). These
results show that 1) the “low-cost” analytical approach with UV-vis spectrophotometry is useful in Colombia,
given potential high concentrations, 2) official perception of good application practices is biased, 3) exclusion
zones of glyphosate fumigation, such as natural reserves, are not exempt of contamination, 4) buffer protection
zones width should be considered on a case by case basis, and 5) further research about concentration and subsurface transport mechanisms is needed.
[1] Felton D.E., Ederer M., Steffens T., Hartzell P.L., Waynant K. V. (2018). UV-Vis Spectrophotometric Analysis and Quantification of
Glyphosate for an Interdisciplinary Undergraduate Laboratory. Journal of Chemical Education 95. 136–140
[2] Van Bruggen A.H.C., He M.M., Shin K., Mai, V., Jeong K.C., Finckh M.R., Morris J.G. (2018). Environmental and health effects of
the herbicide glyphosate. Science of theTotal Environment. 616–617
[3] Waiman C. V., Avena M.J., Garrido M., Fernández Band B., Zanini G.P. (2012). A simple and rapid spectrophotometric method to
quantify the herbicide glyphosate in aqueous media. Application to adsorption isotherms on soils and goethite. Geoderma 170. 154–158
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NATURALLY OCCURRING ASBESTOS (NOA) IN ALBANIA
Ambra Hyskaj* (1), Erzsébet Harman-Tóth (2), Boglárka A. Topa (1), László E. Aradi (3), Donald
Deda (4), Tamás G. Weiszburg (1)
(1) Eötvös Loránd University, Department of Mineralogy, Budapest, (2) Eötvös Loránd University, Eötvös Museum of
Natural History, Budapest, (3) Eötvös Loránd University, Institute of Geography and Earth Sciences, Lithosphere Fluid
Research Laboratory, Budapest, (4) Albanian Geological Survey, Department of Marine Geology, Tirana

Background: Naturally occurring asbestos (NOA) has not been studied in detail in Albania during the last 20
years, though the unwanted „mineral resources” are considerably large. NOA is reported to occur as
accompanying minerals in the ophiolitic environment. In Albania, mineralized outcrops are related to
serpentinized ultrabasic rocks, concentrated in two ultrabasic rock belts, eastern and western. Information is
lacking on the environmental risks related to the possible human exposure regarding these outcrops or the
possible disturbing human activities (e.g., agriculture, tourism, road construction) nearby.
Aim: The main aim of this study was to evaluate and compare earlier exploration findings in terms of modern
(local) mineral identification, description of the environmental occurrence.
Methodology: This study included four selected NOA outcrops in Buces, Korthpulë, Qarrishtë, and Boboshticë
in Albania. The selection was based on earlier exploration reports about fiber content. For each location soil
samples, sediments, and rock samples were collected, complemented in two locations with air sampling
(gold-coated filter for SEM fiber counting), too. A multi-analytical approach was followed to identify and
discriminate the asbestos fibers and to evaluate its presence in the environment. Optical microscopy was
applied as a first step to find fibers in the sample, XPD was used for collecting bulk structural information (to
identify serpentine and amphibole-group minerals), Raman spectroscopy was used for micro-scale mineral
identification, SEM (SE and BSE images) for morphology study and SEM-EDS for elemental analysis.
Results: In all four locations asbestos minerals were found. In Buces, Qarrishtë, and Korthpulë, only chrysotile
fibers were identified. The length of the fibers varied from 1 mm to 7 mm and the diameter of fibers/fiber
bundles ranged from 5-0.01 µm. In Boboshticë both chrysotile and amphibole (tremolite) were identified, in
different textural context: chrysotile appeared as cross-fiber veins penetrating the serpentinite rock, while
tremolite was present as slip-fibers related to fault planes. Fibers were not identified in long-distance
transportation by water. In Korthpulë no fibers were counted in the air sample while at the Buces outcrop
measurement 6.7 fibers/l fiber concentration (serpentine only) was found.
Conclusions: The natural occurrence of asbestos is a complex system including the original host environment
(host rock), other hosts as soil, water, and air, as well as anthropogenic factors (e.g., agricultural activity) that
can be the cause of disturbance of the geological setting. Human health risk assessment should consider each
part of the system. Proper identification and discrimination following a multiple analytical technique approach
is the first step towards human health risk assessment and optimization of land use.
Keywords: asbestos, fibers, NOA, Albania
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RELEVANCE OF TRACE ELEMENTS IN HUMAN HEALTH WITH A
FOCUS ON AUTOIMMUNE DISEASES
Eleonora Loi* (1), Daniela Cannas (1), Matteo Serra (2), Davide Firinu (3), Paolo Valera (2), Patrizia
Zavattari (1)
(1) Department of Biomedical Sciences, Unit of Biology and Genetics, University of Cagliari, 09042 Cagliari, Italy, (2)
Department of Civil, Environmental Engineering and Architecture, University of Cagliari, 09123 Cagliari, Italy, (3)
Department of Medical Sciences and Public Health, Monserrato Campus, University of Cagliari, 09042 Cagliari

It is widely recognized that trace elements may exert both beneficial and adverse effects on human health. In
fact, while some elements are essential in several cellular mechanisms and may have a protective role against
diseases, others have toxic effects and are associated with the onset of several human pathologies including
autoimmune, metabolic, neurodegenerative diseases and cancer. Importantly, the toxic effects of trace elements
are strictly dependent on their doses in terms of both accumulation and deficiency.
Since trace elements act as co-factors of enzymes and antioxidant molecules, they are directly involved in
humoral and cellular immune responses. A growing number of evidences has demonstrated the role of some
oligoelements on autoimmune diseases risk.
Herein, we provide an overview of the influence of certain trace elements, obtained from food and drinking
water, on multiple sclerosis and type I diabetes.
Moreover, we point out the issue of discrepancies in legislative regulations regarding the concentration limits
of trace elements in drinking water among different States. Therefore, we highlight the importance for human
health to update and harmonize the current legislative regulations.
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CHARACTERIZATION OF SPANISH BENTONITES FOR THEIR USE IN
PELOTHERAPY: MINERALOGY, CHEMICAL COMPOSITION, AND
CATION EXCHANGE CAPACITY.
Adrián Lorenzo* (1), Andrea García-Vicente (1), Juan Morales (1), Emilia García-Romero (2),
Mercedes Suárez (1)
(1) Universidad de Salamanca, (2) Universidad Complutense de MAdrid

The use of minerals mixed with mineral-medicinal waters or sea water for therapeutic or cosmetic purposes
goes back to the times of homo erectus and homo neandethalensis. These mixtures were known as “muds”.
During the 20th century, the “muds” started to be called “peloids” and their use was known as pelotherapy
(Carretero, 2020). Gomes et al. (2013) defined peloids as “a maturated mud or muddy suspension (more
precisely muddy dispersion) with healing and/or cosmetic properties composed of a complex mixture of
fine-grained materials (mineral and/or organic), with mineral water, seawater, salt-lake water, and commonly
organic compounds from biological metabolic activity”. The main component in the solid phase of the peloids
are phyllosilicates, more specifically, smectite-group clay minerals. The cation exchange capacity (CEC) and
the chemical composition of smectites are the most important properties for their use in pelotherapy.
In the present work we studied 4 representative samples from different deposits from Almería province (SE of
Spain) for their possible use as peloids: CAR-M from Cortijo de Archidona, LT-M from Los Trancos, MM
from Morrón de Mateo, and LJ from Los Jimenez. The CEC was determined by mixing 5 g of sample with 10 g
of Celite© in a percolation tube. Afterwards, acetate ammonic dissolution was added in four successive steps,
and the resultant dissolution after percolation was analysed in the Servicio General de Análisis Químico at the
Universidad de Salamanca by ICP technique. The mineralogical characterization was done by X-ray diffraction
and chemical analysis. In the X-ray diffraction study, the samples were analysed with a Bruker D8 Advance
ECO instrument fitted with LYNXEYE SSD160 high resolution detector with θ-2θ configuration and Cu anode
(λ=1.5405 Ǻ). The work conditions were 40 kV and 30 mA and a speed of 0.05°2Ө per minute. The chemical
composition of the samples was analysed by Activation Laboratories Ltd., Ontario (Canada), using FUS-ICP to
mayor elements and FUS-MS to trace elements.
The mineralogical study shows that all samples are bentonites with high purity. CAR-M and LT-M are
bentonites composed of dioctahedral smectites and in less proportion plagioclase. MM and LJ are bentonites
composed of dioctahedral smectites and in less proportion zeolites and plagioclase. In general, the
concentrations of toxic elements are low, and they are within the Spanish peloids range (Carretero et al., 2014).
Only two elements are beyond range limits: Sn and Pb. The range for Sn is <2.10-2.30 ppm and the MM sample
has 3 ppm, LT-M and LJ have 7 ppm, and CAR-M has 9 ppm. The range for Pb is 10.90-37.50 ppm and LT-M
has 45.67 ppm. The concentrations of the radioactive elements U and natural K+ are low. In contrast, Th
concentration is high with values of 15.93 ppm for CAR-M, 15.87 ppm for LT-M, 16.10 ppm for MM, and 8.63
ppm for LJ, being the Spanish peloids range for Th <1.50-12.80 ppm. The CEC of all samples are high, which
is favourable for pelotherapy: CAR-M has a value of 120.10 meq/100 g, LT-M has 98.20 meq/100 g, while LJ
and MM have CEC values of 168.10 meq/100 g, and 178.20 meq/100 g, respectively. It is worth noting the high
CEC of LJ and MM samples. This is due to the presence of zeolites which increases the CEC of the bentonite.
In conclusion, the samples studied are bentonites with high purity composed of dioctahedral smectites with
plagioclase and zeolites impurities. The concentrations of toxic elements in their composition are within the
limits of Spanish peloids ranges except for Sn (in all samples) and Pb (in LTmed sample). The concentrations of
radioactive elements are low except for Th. Furthermore, the samples present high CEC values (ranging from
98.20 to 178.20 meq/100 g), especially LJ and MM samples, due to the presence of zeolites. All these
characteristics make these bentonites suitable for their use in pelotherapy.
[1] Carretero M.I. (2020). Clays in pelotherapy. A review. Part I: Mineralogy, chemistry, physical and physicochemical properties. Applied
Clay Science 189, 105526. https://doi.org/10.1016/j.clay.2020.105526
[2] Carretero, M.I., Pozo, M., Legido, J.L., Fernández-González, M.V., Delgado, R., Gómez, I., Armijo, F., & Maraver, F. (2014).
Assessment of three Spanish clays for their use in pelotherapy. Applied Clay Science, 99, 131–143.
https://doi.org/10.1016/j.clay.2014.06.022
[3] Gomes C., Carretero M.I., Pozo M., Maraver F., Cantista P., Armijo F., Legido J.L., Teixeira F., Rautureau, M., & Delgado, R. (2013).
Peloids and pelotherapy: Historical evolution, classification and glossary. Applied Clay Science 75–76, 28–38.
https://doi.org/10.1016/j.clay.2013.02.008
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CADMIUM HEALTH AND ENVIRONMENT
Roberto Madeddu* (1)
(1) University of Sassari, Department of Biomedical Sciences, Sassari, Italy

Among the different heavy metals, Cd represents an important source of toxicological risk, not only for its
widespread use, but also for its very long body half-life, from 10 to 30 years, which significantly increases its
tissue concentrations during the arc of life; it also has well-demonstrated carcinogenic and teratogenic potential
(category 1, IARC).
In part, cadmium environmental contamination often occurs in the areas surrounding the zinc, lead and copper
smelting plants. Another important source of environmental contamination is represented by the incineration of
waste containing this metal and the disposal of batteries containing cadmium
Due to its chemical similarity to zinc, plants take cadmium with irrigation water; the spreading on cultivated
fields of phosphate-based fertilizers, containing this metal in ionic form as a natural contaminant, and of the
sludge of cadmium contaminated sewage treatment plants from industrial discharges, increases the level of this
element in the soil and consequently its concentration in plants. Its presence in the air, water, soil and food is
mainly due to mining activities, metal treatment operations, gradual erosion of rocks, and volcanic eruptions.
Cadmium has been used for paints, plastics and batteries. Currently 70% of its use is concentrated in the
production of nickel-cadmium rechargeable batteries.
Since less than 5% of the total amount of metal is recycled and having a remarkable resistance to natural
degradation, Cd is easily traceable in the air, water and soil, and therefore in food, with consequent effects on
humans, where it causes various pathologies, even serious ones
The Cd is absorbed in living organisms and in particular in humans, through different ways, carried in the
blood and target organs, in which it can accumulate, and subsequently be partially eliminated. In the
professionally exposed population, the main route of absorption is the respiratory one, while in the rest of the
population it appears to be the digestive tract. Different organs represent the target of toxicity, so much so that
there are numerous pathologies related to the deposit of Cd in the body.
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GROUNDWATER CONTAMINATION BY NAPL: USE RADON AS A
NATURAL TRACER (ROMA, ITALY)
Martina Mattia* (1), Paola Tuccimei (1), Michele Soligo (1), Claudio Carusi (2), Elisa Rainaldi (2),
Antonio Francesco Amoruso (2), Daniele Lepore (2)
(1) Department of Science, Roma Tre University (Italy), (2) Mares S.r.l., Protezione Ambiente, Roma, Italy

Radon is a radioactive and radiogenic gas naturally occurring in soils and groundwater that has been widely
used as a natural tracer, especially for contamination by hydrocarbons and their refined products known as Non
-Aqueous Phase Liquids (NAPLs). Radon is much more soluble in a wide range of these substances than in air
or water. Consequently, as soil radon rises towards the interface with the atmosphere, it remains trapped within
the NAPL and therefore has negative concentration anomalies compared to the background values measured in
nearby unpolluted areas. The extent of radon deficiency in a NAPL-polluted area depends on the radon
distribution coefficients in the residual NAPL, soil gases (air) and groundwater. The mapping of this process,
known as the “radon deficit technique” (Semprini et al., 2000) allows identifying the contamination by NAPL
which affects the subsoil. This technique has been applied to a contaminated site located in the south-east of
Roma (Italy). The site is characterized by the presence of volcanic deposits related to the formation of Villa
Senni and belonging to the Alban Hills hydrogeological unit, as indicated in the recent hydrogeological map
(La Vigna et al., 2016). In the site, there is a fuelling station, where more than twenty years ago the first oil
spill occurred with other episodes over time. The remediation of the area began in 2016 when a network of
piezometers was set up to monitor the extent and evolution of the contamination. The remediation system also
consists of pumping piezometers used for the “pump & treat” system and piezometers for the reintroduction of
treated water. The main residual NAPL still present in the site are methyl-tertiary-butyl ether (MTBE),
benzene, toluene and total hydrocarbons expressed as n-hexane. MTBE is a persistent and water-soluble
additive introduced in gasoline in place of lead. The groundwater monitoring activities included two sampling
campaigns of water from the piezometers in February and in May 2020. The sampling was carried out with
PET bottles of 500- and 660-ml volume and then taken to the laboratory for analysis. Radon measurements
were collected with the radonometer Rad7 (Durridge Company Inc.) equipped with the Big Bottle RAD H2O
accessory. This experimental set-up has been extensively and thoroughly described by earlier studies (De
Simone et al., 2015; Briganti et al., 2020). Two concentration maps for February and May 2020 were produced
using radon data from water analyses. The maps show the gas concentration distribution in the waters of the
sampled piezometers. The results display a good correlation between lower radon concentration and higher
presence of NAPL. It also turns out that the low radon concentrations in groundwater follow the NNW-SSE
flow direction of the aquifer. This scenario is therefore consistent with the location of the piezometers relative
to the origin of the contamination, highlighting that radon partitioning in NAPL is still somewhat visible and
measurable after years. Therefore, it can be concluded that the radon deficit technique does indeed provide
useful information and is a valuable tool for the study of the distribution of NAPL contamination within a
polluted site.
[1] Briganti A., Tuccimei P.,Voltaggio M.,Carusi C., Galli G., Lucchetti C. (2020). Assessing methyl tertiary butyl ether residual
contamination in groundwater using radon. Applied Geochemistry 116
[2] De Simone G., Galli, G., Lucchetti, C., Tuccimei P. (2015). Calibration of Big Bottle RAD H2O set-up for radon in water using HDPE
bottles. Radiation Measurements 76, 1–7.
[3] La Vigna F., Mazza R., Amanti M., Di Salvo C., Petitta M., Pizzino L., Pietrosante A., Martarelli L., Bonfà I., Capelli G., Cinti D.,
Ciotoli F., Ciotoli G., Conte G., Del Bon A., Dimasi M., Falcetti S., Gafà R.M., Lacchini A., Mancini M., Martelli S., Mastrorillo L., Monti
G.M., Procesi M., Roma M., Sciarra A., Silvi A., Stigliano F., Succhiarelli C. (2016). Groundwater of Rome. Journal of Maps 12, 88–93.
[4] Semprini L., Hopkins O.S., Tasker B.R. (2000). Laboratory, field, and modelling studies of Radon-222 as a natural tracer for
monitoring NAPL contamination. Transport in Porous Media 38, 223–240.
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NATURAL (“GEOGENIC”) VS. ANTHROPOGENIC SOURCES OF
CONTAMINANTS IN URBAN CREEKS: THE CASE OF THE MUGNONE
CREEK (FIRENZE, ITALY)
Alessio Monnanni* (1), Valentina Rimondi (2), Tania Martellini (3), Alessandra Cincinelli (3),
David Chelazzi (4), Pilario Costagliola (2), Pierfranco Lattanzi (5), Eleonora De Beni (3), Guia
Morelli (5), Silvia Fornasaro (2)
(1) Faculty of Environmental Geology, University of Florence, 50121, Florence, Italy, (2) Department of Earth Sciences,
University of Florence, 50121, Florence, Italy, (3) Department of Chemistry "Ugo Schiff", University of Florence, 50019,
Sesto Fiorentino, Florence, Italy, (4) Consorzio Interuniversitario per lo Sviluppo dei Sistemi a Grande Interfase (CSGI),
50019, Sesto Fiorentino, Florence, Italy, (5) CNR-IGG, Istituto di Geoscienze e Georisorse, 50121, Florence, Italy

Urbanization, i.e. the movement of people from rural to urban areas, has been one of the most prominent trends
of the 20th and 21st century. Due to urban activities, urban streams are highly denatured, with waters and
sediments impacted by organic and inorganic contaminants, which in turns affect both the health and the
quality of life of the citizens. Discriminate the impact of natural (“geogenic”) sources to pollutants distribution
is fundamental to program river rehabilitation, which is at the centre of urban sustainable development.
The Mugnone Creek, an urban stream flowing across the highly urbanized landscape of Firenze (Italy) and
discharging to the Arno River, has suffered an intense denaturation due to the urban sprawl. No information is
available on the contamination status of waters and sediments. In this study, we report preliminary data about
trace elements (TEs) and microplastics (MPs) in stream sediments and waters of the creek. Three representative
sites were investigated: i) a “blank” (BM), i.e. located upstream of the Firenze urban area; ii) a urban-impacted
site (UM), located along a traffic-congested road; iii) the Mugnone outlet (OM), in the proximity of the Arno
River (Cascine Park). Stream waters were recovered twice a year (June and December 2019) to account for
seasonal variability. Stream discharge was simultaneously determined during water sampling to allow mass
flow calculations of contaminants (e.g. [1]). MPs (1 µm-5 mm) were visually identified in sediments and
waters by HD binocular stereomicroscopy [2]. TEs (Sb, As, Cu, Zn, Cd, Co, Ba, Li, Pb, Ni) were determined in
both sediments and waters (0.45 µm filtered and unfiltered) by ICP-OES.
Data indicated that TEs were mostly below threshold limits for both sediments and waters. However, TEs loads
at urban sites (UM and OM) are generally higher than at BM, being clearly influenced by urban runoff. As an
example, loads of Sb (a notorious traffic-related element) doubles from UM (118 g/day) to BM (59 g/day)
during the winter sampling. For MPs, up to 109 particles are estimated to be discharged daily to the Arno River
during the winter season much higher than creeks with similar urbanization context worldwide. Leaching of
TEs (like Ba, Li) from local geological formations should be considered to discriminate the impact of natural
sources from urban runoff. Studies are in progress to characterize the MPs type by µ-FTIR in sediments and
waters, and to elucidate the impact on local biota.
[1] Kimball B.A. (1997). Tracer Injection & Synoptic Sampling. US Geological Survey Fact Sheet FS−245−96, pp. 7.
[2] Crawford, C. B., & Quinn, B. (2016). Microplastic Pollutants (I ed.). Elsevier Science Publishing Co Inc.
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EXCESS LIFETIME CANCER RISK DUE TO NATURALLY OCCURRING
RADIONUCLIDES IN SAND AND SOILS FROM VALIZAS – AGUAS
DULCES REGION, URUGUAY
Ana Noguera* (1), Heinkel Bentos Pereira (1), Laura Fornaro (1)
(1) Centro Universitario Regional del Este, Universidad de la República

The Uruguayan east coast has several mineral resources, which include black sand ores in the Valizas – Aguas
Dulces region. The activity concentration of 226Ra, 232Th and 40K in sand and soil in Valizas – Aguas Dulces
region was determined in order to evaluate the probability of developing cancer over a lifetime, calculating the
excess lifetime cancer risk (ELCR). For the quantification of those radionuclides in sand and soil, samples were
collected at a typical depth of 5 cm from the top surface layer to produce approximately 2 kg wet weight
samples. Each sample was dried at a temperature of 60ºC until a constant weight was achieved, the samples
were filled into 500 mL Marinelli flasks. After approximately four weeks in order to reach secular equilibrium
of the 238U and 232Th series, samples were measured by gamma-spectrometry with a High Pure Germanium
Detector GMX35P4-76-RB, 35 % efficiency and 1,75 % resolution for photopeak of the 60Co. IAEA reference
materials were used for efficiency calibration. 226Ra was studied by the photopeak of 214Bi (609.3 keV). 232Th
was evaluated by the photopeak of 228Ac (911.1 keV) and, 40K was evaluated by its own photopeak of 1460.0
keV.
The excess lifetime cancer risk (ELCR) was evaluated for inhabitant using the Annual effective dose equivalent
outdoors (AEDE), the life expectancy in Uruguay (77.7 years) and the cancer risk factor per Sievert which is
stochastically determined by ICRP at 0.05 for the public (1). The Annual effective dose equivalent outdoors
(AEDE) was evaluated using 226Ra, 232Th and 40K activity concentrations and the conversion coefficients
recommended by UNSCEAR (2).
The ELCR ranges from 7.5×10-5 to 2.5×10-3 with a mean value of 3.2×10-4. The highest values were obtained
for Aguas Dulces´s sand beach. The mean ELCR value obtained for Valizas – Aguas Dulces region slightly
exceeds the world mean reported by UNSCEAR (2.9×10-4), although the maximum obtained is about 10 times
higher. These results merit more deep physical and epidemiological studies in the region.
[1] International Commission on Radiological Protection (ICRP) (1990), Recommendations of the ICRP. Pergamon Press, New York,
ICRP Pub N°60
[2] United Nations Scientific Committee on the Effect of Atomic Radiation (UNSCEAR) (2000) Sources of ionizing radiation. Annex B:
exposures from natural radiation. New York, pp 156-184.
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THE ROLE OF GOVERNANCE IN LEAD RISK REDUCTION
Richard Pepino* (1), Reto Gieré (1)
(1) Department of Earth and Environmental Science, University of Pennsylvania, PA 19104-6316, USA.

Screening and early identification of children at risk for lead exposure have the potential to decrease permanent
neurologic damage and behavioral disorders for children living in large urban areas across the United States.
Increasing the number of children with regular access to blood lead evaluations, residential and community
environmental assessments, and lead hazard control strategies could substantially reduce the number of
children in the country that are currently above the Centers for Disease Control and Prevention (CDC)
reference standard of blood lead levels (≥ 5 µg/dL).
Governance needs to identify important gaps in the current strategies that allow Elevated Blood Lead Levels
(EBLLs) to remain constant at approximately 3% nationally with respect to the CDC reference standard.  
Testing, a topic that we have heard so much about during the ongoing pandemic, has also remained constant for
the past ten years at a disappointing rate of below 20% for children 6 years old or younger. Without an
ambitious testing program, risk characterization remains difficult to comprehensively assess. Governance must
evaluate aging infrastructure in terms of poorly kept residential housing, especially rental properties, that often
turn over without any inspections to determine the presence and conditions of lead painted surfaces. In
addition, the failure to replace lead service lines (LSL) represents a potential risk that may contaminate
drinking water, as we recently observed in the Flint, Michigan community.
Though COVID-19 currently challenges state and local governments to do more with rapidly shrinking sources
of revenue, when the situation is under control and there is a vaccine, governance cannot relax and claim a job
well done while hundreds of thousands of children face a future that could be impaired with the age-old
problem of childhood lead poisoning.
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ASSESSING ALLERGENICITY IN THE VESUVIUS NATIONAL PARK
THROUGH A MODIFIED INDEX OF URBAN GREEN ZONES
ALLERGENICITY (IUGZA).
Antonello Prigioniero* (1), Alessia Postiglione (1), Maria Tartaglia (1), Pierpaolo Scarano (1),
Daniela Zuzolo (1), Rosaria Sciarrillo (1), Carmine Guarino (1)
(1) Department of Science and Technology, University of Sannio, Benevento, Italy

Pollen released by urban flora is the mayor contributor to airborne allergen content during the pollen season,
and has a considerable adverse impact on human health, contributing to enhance the total particle air pollution.
The impact of allergens emitted by urban green spaces on health is one of the main disservices of ecosystems.
The flora of any given territory is largely the result of the substrate on which it grows and of local bioclimatic
conditions. The Vesuvius National Park (Southern Italy) develops around the Somma-Vesuvius volcanic
complex, on an area of 7259 ha. The area is enclosed in the territories of 13 different municipalities in the
province of Naples, in which 345,000 people live in total. Pollination events in the park’s flora can pose a threat
to the health of thousands of people and damage their well-being.
The objective of this work is to establish the potential allergenic value of the plant species in the Vesuvius
National Park, so that the allergenicity of the park can be estimated through application of a modified version of
Index of Urban Green Zones Allergenicity (IUGZA). The new version of the IUGZA allow the determination of
allergenicity of extended areas, by using sampling area and subsequent estimation of plant covers.
The work has been carried out through the geo-referencing of the total area of the park, and of the area of the
park area that falls on each municipal area. A random sampling has been carried out to define the sampling
areas in which the phytosociological surveys have been conducted. Plant species, and relative covers have been
registered. To each plant species, allergenicity potential have been established using the methods proposed in
the original IUGZA. As a weighting factor, in the IUGZA calculation, the surfaces of the total area of the park
and of the municipalities where plant coverings are present were used.
Each municipality shows a different IUGZA value, indicating difference in the risk of insurgence of pathologies
linked to the pollen emission. Results obtained in this preliminary work allow the future correlations between
allergenicity potential of extended green areas, and epidemiologic data. The proposed method in this work
compensates for the lack of an expeditious but accurate methodology in the assessment of ecosystem
disservices related to the pollen emission of plants, thanks to its applicability on large surfaces and the
unnecessary need to carry out a complete census of the flora for the analysis.
Through the proposed methodology, tools can be developed for the prevention and forecasting of events related
to pollinosis on a large scale, allowing a more accurate management of the health resources of a territory.
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OCCURRENCE OF ASBESTOS IN SOILS: STATE OF THE ART
Claudia Ricchiuti* (1), Andrea Bloise (2), Rosalda Punturo (1)
(1) University of Catania-Department of Biological, Geological and Environmental Science, (2) University of
Calabria-Department of Biology, Ecology and Earth Sciences

In the last decades, it has been widely demonstrated the risk to human health related to asbestos fibres
exposure. Many studies have mainly focused on the mineralogical and geochemical characterization of
ophiolites (i.e. serpentinite and metabasite rocks) since they are the main lithotypes associated with Naturally
Occurring Asbestos (NOA). Nevertheless, derivative soil from these rocks inherits the mineralogical and
geochemical composition of bed rock and may contain hazardous fibres, thus making its examination necessary
as well. Moreover, human activity and weathering processes may affect NOA and promote the dispersion of
fibres, potentially inhalable, in the environment. Many studies confirmed that death from lung diseases can be
associated with environmental exposure to asbestos.
This paper provides a summary of asbestos-containing soils investigation worldwide with the purpose of
providing an overview of the data obtained so far. To this aim, the most relevant available literature, testifying
the presence of fibrous minerals in soils have been considered. This allowed the global territory mapping in
order to depict the distribution of natural asbestos in soils worldwide.
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A NEW TOOL FOR MEASURING VEINS IN SERPENTINITE ROCKS
Claudia Ricchiuti* (1), Andrea Bloise (2), Gabriele Lanzafame (1), Rosalda Punturo (1)
(1) University of Catania-Department of Biological, Geological and Environmental Science, (2) University of
Calabria-Department of Biology, Ecology and Earth Sciences

Over the last decades, rocks containing Naturally Occurring Asbestos (NOA) have been widely studied by
many authors with the aim of determining the potential health risks to exposed neighboring populations. It is
difficult to accurately characterize the asbestos fibres contained within the rocks as conventional techniques are
not effective and have drawbacks associated with the disturbance of the sample under study. Indeed, the size
and geometric shape ratios of asbestos chrysotile fibres can be subjected to change, thus leading to the
misevaluation of asbestiform fibre findings. In this frame, our study aims to determine the characteristics of the
veins that form in serpentinite (i.e. shape) and their infill (i.e. size of fibres), without grinding and/or particle
size reduction.
To obtain this ambitious goal, X-ray synchrotron microtomography (SR-μCT) supplemented with polarized
light microscope (PLM), scanning electron microscopy analysis combined with energy dispersive spectrometry
(SEM/EDS), electron probe micro-analysis (EPMA) were used for identifying asbestos fibres in a mineral
matrix. In the specific case, we analyzed a representative set of veins and fibrous chrysotile that fills the veins,
taken from massive serpentinite outcrops (Southern-Italy; Bloise and Miriello, 2008). This non-destructive
technique (SR-μCT) allowed us to identify respirable chrysotile fibres (regulated asbestos) within the
serpentinite matrix and to reconstruct 3D structures of infill chrysotile asbestos fibres as well as other phase the
structures of which were not resolvable with PLM, SEM or EPMA. Moreover, due to differences in chemical
composition between veins and matrix, the data obtained enabled us to evaluate the vein shapes present in the
massive serpentinite matrix. In particular, iron and aluminum distribution variations between veins and matrix
induce different radiation absorption patterns thus permitting a detailed image-based 3D geometric
reconstruction (Bloise et al., 2019). Results, proved that SR-μCT is a valuable and promising technique for
analyzing asbestos chrysotile that fills the veins within massive serpentinite and the 3D images of veins may
help us to identify NOA contained within serpentinite rocks.
[1] Bloise, A., Miriello, D., 2018. Multi-analytical approach for identifying asbestos minerals in situ. Geosciences 8 (4), 133.
https://doi.org/10.3390/geosciences8040133.
[2] Bloise, A., Ricchiuti, C., Lanzafame, G., Punturo, R., 2019. X-ray synchrotron microtomography: a new technique for characterizing
chrysotile asbestos, Science Total Environment. https://doi.org/10.1016/j.scitotenv.2019.135675
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ZINC AS GATEKEEPER OF IMMUNE FUNCTION
Lothar Rink* (1)
(1) Instiute of Immunology, University Hospital, RWTH-Aachen University, Aachen, Germany

The essentiality of zinc for the function of the immune system soon became clear after the discovery of zinc
deficiency in the 1960s. Zinc homeostasis is majorly controlled via the expression and action of 14 zinc
transporters that increase cytoplasmic zinc (Zip 1 – 14) and 10 zinc transporters that lower cytoplasmic zinc
(ZnT 1 – 10). In addition, zinc-binding proteins exists extra- and intracellularly including albumin, calprotectin
and metallothioneins. Anti-inflammatory and anti-oxidant properties of the trace metal have long been noticed,
however, underlying mechanisms are still not entirely clear. In here, we will define known molecular
mechanisms underlying the development of a pro-inflammatory phenotype during zinc deficiency.
Consequently, reasons for the benefits of zinc supplementation in acute and chronic inflammatory diseases will
be described as well.
Evidence is increasing, that zinc ions are involved in regulating intracellular signaling pathways in innate as
well as adaptive immune cells. This article will focus on the main mechanisms underlying the regulation of
cellular signaling in leukocytes by alterations in zinc homeostasis. In this, effects of fast zinc signals, taking
place within a few seconds to minutes will be distinguish from slower types of zinc signals, also designated as
“zinc waves” and late zinc signals regarding prolonged changes in intracellular zinc. Description of the effects
of zinc homeostasis on the activation of key signaling molecules including kinases, caspases, phosphatases and
phosphodiesterases will be included, which underlines the hypothesis that zinc functions as a second messenger
as is well described for calcium. Also, the role of zinc in expression and DNA-binding capacities of major
transcription factors will be described. Finally, a discussion of the role of zinc in epigenetic modifications will
round up this article on the role of zinc as a Gatekeeper of Immune Function.
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THE FIBROUS AMPHIBOLES OF THE POLLINO MASSIF (UNESCO
GLOBAL GEOPARK): MODE OF OCCURRENCE AND COMPOSITIONAL
FEATURES
Giovanna Rizzo (1), Luigi Bloise (2), Egidio Calabrese (2), Salvatore Laurita* (1), Rosa Sinisi (3),
Vito Summa (3)
(1) Dipartimento di Scienze, Università della Basilicata, (2) Pollino Geopark, (3) Istituto di Metodologie per l’Analisi
Ambientale, Consiglio Nazionale delle Ricerche (CNR-IMAA)

The Pollino Massif is a portion of the Apennine chain of southern Italy that represents the limit between
Basilicata and Calabria regions. In this area the occurrence of a ophiolitic sequence of the Frido Unit (Liguride
Complex) mainly made up of mafic and ultramafic rocks, affected by HP-LT metamorphism, and
metasedimentary cover, has been widely documented. Among these rocks, serpentinites and metabasite dykes
are largely exposed showing a significant variety of fibrous minerals including lizardite, chrysotile and
antigorite, of the serpentine mineral group, tremolite-actinolite, edenite and Mg-riebeckite belonging to the
amphibole mineral group. Although edenite and Mg-riebeckite are not considered as asbestos minerals on the
basis of current Italian and European laws, their habits and compositions are fully comparable to those of
asbestos minerals sensu stricto. Morphological observations by scanning electron microscopy revealed for
these amphiboles fibrous habit, length ranging 5 to 20 µm and diameter of about 1 µm resulting in values of
aspect ratio (length:diameter) higher than 3:1. Microchemistry performed by EMP analyses demonstrated that
both minerals have in their structure a significant content of some heavy metals. In detail Cr (0.01<Cr2O3<0.02
wt%), Mn (0.04<MnO<0.15 wt%) and Ni (0.01<NiO<0.06 wt%) have been detected in edenite crystals and Cr
(0.02<Cr2O3<0.09 wt%) and Mn (0.34<MnO<0.10 wt%) in the Mg-riebeckite ones. The latter mineral also
have important Fe amounts (21.4<FeO<23.8 wt%) that, along with the other trace metals, represent impurities
dangerous for human health. In fact, it was demonstrated that pathological effect of asbestos minerals may
depend on their metal content. μ-Raman spectroscopy performed on the serpentinitic rocks of the Pollino
Massif also points out to the presence of fibrous Fe-rich tremolite that might increase the hazard for people
living in the studied area. Further details by field and laboratory studies on fibrous minerals of the southern
Apennines are ongoing and will be intended for better understanding and estimating their dangerousness and
hazard.
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THE PREDICTION OF FUTURE SUBMERSION ON THE APULIA
LOW-LYING COASTS
Giovanni Scardino* (1), François Sabatier (2), Arcangelo Piscitelli (3), Maurilio Milella (3),
Antonio Vecchio (4), Marco Anzidei (5), Giuseppe Mastronuzzi (1)
(1) Dipartimento di Scienze della Terra e Geoambientali, Università degli Studi di Bari Aldo Moro, 70121 Bari, Italy, (2)
Aix-Marseille Univ, CNRS, IRD, Coll de France, CEREGE, 13545 Aix en Provence, France, (3) Environmental Surveys
s.r.l. Spin Off c/o Università degli Studi di Bari, 74121 Taranto, (4) Radboud Radio Lab, Department of
Astrophysics/IMAPP, Radboud University,6500GL Nijmegen, The Netherlands;Lesia Observatoire de Paris, PSL Research
University, Université de Paris, 92195 Meudon, France, (5) Istituto Nazionale di Geofisica e Vulcanologia, 00143 Rome,
Italy

The issues connected to the sea-level rise are of great importance for the international institutions, mostly for
the coastal areas that represent the main business nodes. In Europe, about 86 million people (the 19% of the
world population) live within 10 km on the coastal areas, in contrast, most of the Mediterranean population
(about 75%) resides along the coasts. In Italy, where the coasts are extended for more than 7300 km, the future
sea-level rise and extreme marine events could flood many of the populated coasts. The sea-level rise could
determine significant changes in the mobile coastal systems, increasing the erosion rates along the coasts and
determining a new shoreline position and coastal flooding gradually greater up to involve the inland areas [1,2].
Where the sea-level rise and extreme marine events could be greater than in the present and could cause high
damages, in terms of lost economic resources and casualties, the knowledge of which areas will be vulnerable is
needed. At a future sea-level rise should be annexed a permanent submersion on the land, determining
submerged surfaces in many low-lying coastal areas [3–5]. Along the Apulia coasts, two main low-lying coastal
areas could be prone to be submerged: the coastal plains of the Gulf of Taranto and Gulf of Manfredonia. These
two coastal plains are conditioned by different vertical land movements and sedimentary budgets which could
determine different responses to the sea-level rise [6,7]. To predict the extension of the coastal areas which
could be submerged and flooded, a series of continuous surveys were performed along the coastal plains
through the new technologies of morpho-topographic and morpho-bathymetric surveys, to assess the main
changes occurred over the last decades. The new Terrestrial Laser Scanner and LiDAR data, in combination
with satellite remote sensing, allowed to model the coastal behavior in response to the sea-level rise. The
observational data allowed us to develop a predictive model in a multi-temporal scenario which was
implemented in a software prototype in order to map the areas prone to be submerged.
[1] Brunel, C.; Sabatier, F. Potential influence of sea-level rise in controlling shoreline position on the French Mediterranean Coast.
Geomorphology 2009, 107, 47–57, doi:10.1016/j.geomorph.2007.05.024
[2] Sabatier, F.; Samat, O.; Brunel, C.; Heurtefeux, H.; Delanghe-Sabatier, D. Determination of set-back lines on eroding coasts. Example
of the beaches of the Gulf of Lions (French Mediterranean Coast). J Coast Conserv 2009, 13, 57, doi:10.1007/s11852-009-0062-y.
[3] IPCC Special Report on the Ocean and Cryosphere in a Changing Climate. [H.-O. Pörtner, D.C. Roberts, V. Masson-Delmotte, P. Zhai,
M. Tignor, E. Poloczanska, K. Mintenbeck, A. Alegría, M. Nicolai, A. Okem, J. Petzold, B. Rama, N.M. Weyer (eds.)] 2019, In press.
[4] 1. Brunel, C.; Sabatier, F. Potential influence of sea-level rise in controlling shoreline position on the French Mediterranean Coast.
Geomorphology 2009, 107, 47–57, doi:10.1016/j.geomorph.2007.05.024. 2. Sabatier, F.; Samat, O.; Brunel, C.; Heurtefeux, H.;
Delanghe-Sabatier, D. Determination of set-back lines on eroding coasts. Example of the beaches of the Gulf of Lions (French
Mediterranean Coast). J Coast Conserv 2009, 13, 57, doi:10.1007/s11852-009-0062-y. 3. IPCC Special Report on the Ocean and
Cryosphere in a Changing Climate. [H.-O. Pörtner, D.C. Roberts, V. Masson-Delmotte, P. Zhai, M. Tignor, E. Poloczanska, K.
Mintenbeck, A. Alegría, M. Nicolai, A. Okem, J. Petzold, B. Rama, N.M. Weyer (eds.)] 2019, In press. 4. Bonaldo, D.; Antonioli, F.;
Archetti, R.; Bezzi, A.; Correggiari, A.; Davolio, S.; De Falco, G.; Fantini, M.; Fontolan, G.; Furlani, S.; et al. Integrating multidisciplinary
instruments for assessing coastal vulnerability to erosion and sea level rise: lessons and challenges from the Adriatic Sea, Italy. J Coast
Conserv 2019, 23, 19–37, doi:10.1007/s11852-018-0633-x
[5] Bonaldo, D.; Bucchignani, E.; Pomaro, A.; Ricchi, A.; Sclavo, M.; Carniel, S. Wind waves in the Adriatic Sea under a severe climate
change scenario and implications for the coasts. International Journal of Climatology 2020, doi:10.1002/joc.6524
[6] Scardino, G.; Sabatier, F.; Scicchitano, G.; Piscitelli, A.; Milella, M.; Vecchio, A.; Anzidei, M.; Mastronuzzi, G. Sea-Level Rise and
Shoreline Changes Along an Open Sandy Coast: Case Study of Gulf of Taranto, Italy. Water 2020, 12, 1414, doi:10.3390/w12051414
[7] Vecchio, A.; Anzidei, M.; Serpelloni, E.; Florindo, F. Natural Variability and Vertical Land Motion Contributions in the Mediterranean
Sea-Level Records over the Last Two Centuries and Projections for 2100. Water 2019, 11, 1480, doi:10.3390/w11071480
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THE TSUNAMI FLOODING ON THE MEDITERRANEAN COASTS
Giovanni Scardino* (1), Arcangelo Piscitelli (2), Maurilio Milella (2), Paolo Sansò (3), Giuseppe
Mastronuzzi (1)
(1) Dipartimento di Scienze della Terra e Geoambientali, Università degli Studi di Bari Aldo Moro, 70121 Bari, Italy, (2)
Environmental Surveys s.r.l. Spin Off c/o Università degli Studi di Bari, 74121 Taranto, (3) Dipartimento di Scienze e
Tecnologie Biologiche e Ambientali, Università del Salento, Lecce, Italy

The tsunami impact is one of the most dangerous events for the vulnerability of the coasts, as documented by
the effects of Indian Ocean Tsunami (IOT) in Indonesia (2004) and the Tohoku Tsunami in Japan (2011), or in
Indonesia’s Sunda Strait after the Krakatoa eruption (2018). The tsunami impact determines a flooding
extension that involves several kilometers of the coastal area and determines significant damages and casualties
for the residential areas existing along the coasts. The largest number of known tsunami events is reported for
the circum-pacific areas, however, it is important to highlight that their occurrence in the Mediterranean basin
cannot be neglected. In fact, at a global scale, tsunami catalogues show that most of the known events concern
the Pacific Ocean (63%) whereas in the Mediterranean basin, catalogues show a percentage 21% respect to the
total of the tsunami recognized worldwide [1,2]. The historical documents and geological evidence testify the
past tsunami impact in the Mediterranean with annexed coastal flooding [3–5]. Moreover, recent tsunami
events, as Reggio Calabria and Messina events of 1908 or Sciara del Fuoco event of 2002, produced undefined
victim, maybe some tens of thousands of people. Knowledge of the geological evidence compared with
historical and instrumental data permits us to derive the hydrodynamic features of a tsunami wave, useful to
assess the coastal flooding [6,7]. The assessment of the flooded surface is needed to plan intervention strategies
during the occurrence of a tsunami. A tsunami wave dissipates a great amount of energy during its impact on a
coastal area, and the connected flooding depends on the dissipation due to the bottom friction, wave breaking
and decrease of the wave flow that involve extended emerged surfaces.
[1] USGS, U.S.G.S.N.E.I.C. Latest Earthquakes Available online: https://earthquake.usgs.gov/earthquakes/map/ (accessed on Jul 27, 2020)
[2] Center, N.G.D. Tsunami Data and Information | NCEI Available online: https://www.ngdc.noaa.gov/hazard/tsu.shtml (accessed on Jul
27, 2020)
[3] Anzidei M., Lambeck K., Antonioli F., Furlani S., Mastronuzzi G., Serpelloni E., Vannucci G. (2014) Coastal structure, sea-level
changes and vertical motion of the land in the Mediterranean. Geological Society, London, Special Publications, 388, 453–479,
doi:10.1144/SP388.20
[4] Scicchitano G., Pignatelli C., Spampinato C.R., Piscitelli A., Milella M., Monaco C., Mastronuzzi G. (2012) Terrestrial Laser Scanner
techniques in the assessment of tsunami impact on the Maddalena peninsula (south-eastern Sicily, Italy). Earth, Planets and Space, 64,
889–903, doi:10.5047/eps.2011.11.009
[5] Fago P., Pignatelli C., Piscitelli A., Milella M., Venerito M., Sansò P., Mastronuzzi G. (2014) WebGIS for Italian tsunami: A useful
tool for coastal planners. Marine Geology 2014, 355, 369–376, doi:10.1016/j.margeo.2014.06.012
[6] Pignatelli C., Sansò P., Mastronuzzi G. (2009) Evaluation of tsunami flooding using geomorphologic evidence. Marine Geology, 260,
6–18, doi:10.1016/j.margeo.2009.01.002
[7] Pignatelli C., Scheffers A., Scheffers S., Mastronuzzi G. (2010) Assessment of extreme wave flooding from geomorphologic evidence
in Bonaire (Netherlands antilles). Zeitschrift fur Geomorphologie, 54, 219–245, doi:10.1127/0372-8854/2010/0054S3-0026
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EVALUATING IN VIVO APPLICATIONS OF A NATURAL
ANTIBACTERIAL CLAY TO WOUND INFECTIONS
Suzannah M. Schmidt-Malan (1), Robin Patel (2), Lynda B. Williams* (3)
(1) Mayo Clinic, Rochester, MN, (2) Division of Infectious Diseases, Mayo Clinic, Rochester, MN, (3) Arizona State
University

Wound infections are commonly encountered in clinical practice and are affected by both acquired and
biofilm-associated antibiotic resistance. Given that the management of wound infections is difficult and that
antibiotic-resistant bacteria are often involved, novel and innovative therapeutic and preventive non-antibiotic
approaches are needed. Strategies that limit the emergence of conventional antimicrobial resistance are ideal.
Antibacterial clays (ABC) that contain reduced-Fe illite-smectite have been identified in nature and are
effective at killing a variety of Gram negative and Gram positive human bacterial pathogens including
antibiotic-resistant strains, when tested in vitro using planktonic bacteria and biofilms (Caflisch et al., 2018;
Williams 2019). However, preliminary in vivo tests of the topical application of ABC on infected wounds in
mice have not shown the same effectiveness.
Several hypotheses were tested in vitro that might explain the diminished antibacterial activity in vivo: 1) ABC
may be drying out so that aqueous reactions with mineral components are impeded. 2) Reactants (Fe2+, Al3+)aq or
products (H2O2, OH) may be inactivated by interaction with components in wound fluids (e.g., speciation
change or complexation). 3) pH or Eh of the clay-bacteria suspension in the wound may be out of the stability
range for Fe2+ in solution, thus limiting the antibacterial reaction progress.
The ABC application was modified by addition of a xanthan gum (2%) based hydrogel to keep the clay
poultice hydrated. The ABC was covered with the hydrogel and fixed using gauze and Tegaderm adhesive. The
hydrogel showed no significant change in the pH or Eh of the hydrated ABC, and the ABC was effective in
vitro at reducing S. aureus (IDRL-6169) biofilms by 7 log10 cfu/cm2 compared to controls. Inhibition of mineral
reactions in wounds was tested using simulated wound fluid (SWF) consisting of 50% fetal calf serum and 50%
physiological NaCl in 0.1% peptone (Werthén et al. 2010) and fetal calf blood. When mixed 1:1 with the ABC,
the wound fluids showed no inhibition of antibacterial effect of the clay, with 99.9% reduction of planktonic S.
aureus. Evaluation of the pH and Eh of the ABC in SWF showed that the ABC minerals buffered the SWF to
low pH (4.1 to 4.4), similar to the ABC in deionized water, but the Eh of the suspension was reduced (200 to
280 mV) in SWF compared to ABC in water (>375 mV). These values are within the pH-Eh range where Fe2+
is stable in solution, but the lower oxidation state of the suspension could impede the Fenton reactions that are
critical to membrane lipid and protein damage. Enhanced oxidation of the mineral reactants in the wound may
be needed to promote the in vivo reactions.
[1] Caflisch, K.M., et al., (2018) Antibacterial activity of reduced iron clay against pathogenic bacteria from wound infections.
International Journal of Antimicrobial Agents 52, 692-696.
[2] Werthen, M. et al., (2010) An in vitro model of bacterial infections in wounds and other soft tissues. Journal of Pathology,
Microbiology and Immunology 118, 156-164.
[3] Williams, L.B., (2019) Natural antibacterial clays: Historical uses and modern advances. Clays and Clay Minerals 67, 7-24.
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TRACE METALS’ MOBILITY IN SERPENTINITE-DERIVED SOILS OF
THE POLLINO MASSIF (SOUTHERN ITALY): INSIGHTS ON
BIOAVAILABILITY AND TOXICITY
Vito Summa (1), Priscilla Boccia (2), Antonio Lettino (1), Salvatore Margiotta (1), Achille Palma
(3), Pietro P. Ragone (1), Rosa Sinisi* (1), Miriam Zanellato (2), Elena Sturchio (2)
(1) Institute of Methodologies for Environmental Analysis (IMAA), National Research Council (CNR), (2) Department of
Technological Innovation and Safety of Plants, Product and Anthropic Settlements (DIT), Italian Workers' Compensation
Authority (INAIL), (3) Agenzia Regionale per la Protezione dell'Ambiente della Basilicata (ARPAB)

Contamination by heavy metals is a significant environmental trouble that can affect liquid as much as solid
environmental matrices. Although the heavy metals contents in water, soils and sediments are commonly
attributed to anthropogenic sources, in certain geological contexts they can derive from natural sources. Among
natural sources, the weathering of rocks naturally containing high amounts of metals is one of the main
processes responsible of both the heavy metals release in circulating waters and accumulation in residual soils
and sediments. This contribution presents a multidisciplinary study aimed firstly to assess factors and processes
majorly responsible for controlling the mobility of heavy metals (particularly of Cr) in natural liquid and solid
matrices, and secondly to identify biomarkers and possible migration pathways of contaminants from soils and
waters to products intended for human consumption. In particular, we focussed on relationships between (1)
granulometry, and mineralogical and chemical compositions of a soil profile grown on metal-rich serpentinitic
rocks outcropping in the Pollino Massif area (Calabria-Basilicata border, southern Italy), (2) trace metal
contents of horticultural crops cultivated on serpentinite-derived soil and irrigated with natural metal-rich
water, and (3) results of in-vivo and in-vitro phyto- and geno-toxicity tests performed on Vicia faba seeds
germinated on different types of soils. X-Ray Diffraction data revealed that studied soil profile has a
homogeneous mineralogical composition consisting of metal-rich phases as prevailing minerals. The three-step
BCR sequential extraction, coupled with ICP-MS analyses, evidenced that exchangeable and oxidisable
fractions have the lowest contents of metals and that, conversely, the residual and reducible fractions are the
more metal enriched fractions. Among heavy metals, mainly Pb and Cd and subordinately Ni, Cr, Cu, and Zn
are associated with Fe- and Mn- oxi/hydroxides. These phases under acidic conditions, may release the
adsorbed metals in circulating water thus to represent a harmful source of natural contaminants. High contents
of heavy metals, including Cr and Ni, have been also detected in vegetables proving metal bioavailability,
mobility, transfer from soil and accumulation in plant. Because of its well-known carcinogenicity, Cr was
chosen for in vivo and in vitro laboratory experiments on Vicia faba seeds and HepG2 human cell line. No
significant effects of Cr concentrations on Vicia faba were observed by in vivo phyto- and genotoxicity tests.
Conversely in vitro genotoxicity tests performed on HepG2 human cell line, showed that, depending on Cr
concentration, DNA damage and cytotoxic effects might occur. Although in this paper are presented only
preliminary results on Cr genotoxicity and further analyses are ongoing, our study highlights the need to have a
global vision of the environmental concerns in predicting and evaluating the quality of soils and water
circulating in them. In this regard, information on geological context, mineralogical composition of the solid
matrix, type and amounts of inorganic fractions, and geo- and bio-availability of each chemical element are
indispensable.
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THE LEVEL OF HEALTH RISK ASSOCIATED WITH THE BACKGROUND
CONTENTS OF POTENTIALLY TOXIC ELEMENTS IN ALAVERDI CITY
Gevorg Tepanosyan* (1), Lilit Sahakyan (1), Norik Harutyunyan (1), Armen Saghatelyan (1)
(1) Center for Ecological-Noosphere Studies (CENS) NAS RA, Yerevan, Armenia

One of the main tasks of Environmental geochemistry discipline is its social aspects including the health issues
which potentially toxic elements (PTE) represent for humans. In this study the contents of Cr, V, Mo, As, Zn,
Cu, Co, Fe, Mn, Pb, and Ba were determined in soils of the Alaverdi city hosting the unique copper smelter of
the Republic of Armenia (RA). At the same time 30 soil samples were collected in pristine areas which were
considered to have analogous geological and landscape geochemical features of the study site for soil PTE
background contents estimation. In this study PTE contents background data set was subjected to the human
health risk assessment and identification of the primary elements which have a high potential to become a risk
factor. The obtained results showed that after the identification and elimination of the multivariate outliers by
Atipicality index [1] the studied elements ranges 18-324 with the mean of 74 mg/kg for Cr, 41-105 with the
mean of 79 mg/kg for V, 24-129 with the mean of 65.1 mg/kg for As, 104-371 with the mean of 184 mg/kg for
Zn, 135-844 with the mean of 388 mg/kg for Cu, 16-33.8 with the mean of 23.9 mg/kg for Co, 3.8-8.3 with the
mean of 5.9 % for Fe, 1007-1862 with the mean of 1403 mg/kg for Mn, 25.5-214 with the mean of 82.2 mg/kg
for Pb, and 140-580 with the mean of 295 mg/kg for Ba. The comparison of the mean values with the
Maximum allowable concentrations (MAC) set up by the RA [2] for elements which have individual MAC
values (Cr, V, As, Zn, Cu, Mn, and Pb) showed that excesses vs MAC detected for As, Cu, and Pb 6.5, 2.9 and
1.3 times, respectively. The health risk assessment performed following the US EPA methods [3] showed that
for adults mono-elemental and multi elemental risk was below the allowable level. In the case of children
mono-elemental risk was identified only for iron contents in 6 samples. The multi-elemental children health
risk was also conditioned by iron contents in the same sampling locations where mono-elemental risk was
detected. The comparatively large share in risk level belongs to Fe and Mn. The obtained results indicate the
need for more detailed studies on bioavailable forms of these elements in study site and establishment of Fe
MAC level in RA.
Acknowledgment
This work was supported by the RA MES Science Committee, in the frames of the research project
№18T-1E145 entitled “Ecogeochemical investigations as a base of decision making (a case study of the city of
Alaverdi)”.
[1] R. G. in S. and C. D. A. RGSCoDa, COMPOSITIONAL DATA ANALYSIS with CoDaPack and R. 2017.
[2] RA Government, “About the order of evaluation of economical activities – caused impact on soil resources,” decision N-92-N, 2005.
[3] RAIS, “Risk Exposure Models for Chemicals User’s Guide,” The Risk Assessment Information System, 2020. [Online]. Available:
https://rais.ornl.gov/tools/rais_chemical_risk_guide.html. [Accessed: 01-Jan-2020].
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INDOOR/OUTDOOR AIR-EXCHANGE AFFECTS INDOOR RADON
LEVELS. THE USE OF A SCALE MODEL ROOM TO DEVELOP A
MITIGATION STRATEGY.
Paola Tuccimei* (1), Carlo Lucchetti (2), Gianfranco Galli (3), Soligo Michele (1)
(1) Università "Roma Tre", (2) Università "La Sapienza", (3) Istituto Nazionale di Geofisica e Vulcanologia

In the frame of RESPIRE (Radon rEal time monitoring System and Proactive Indoor Remediation), a LIFE
project funded by European Commission, a scale model-room of 62 cm x 50 cm x 35 cm (inner length x width
x height) was created with a very porous, 226Ra-, 232Th- and 40K rich lithoid ignimbrite, called “Tufo di Gallese”
to evaluate the contribution of building materials to indoor radon accumulation [1]. The model-room allows to
study the effect of different types of covers (inner and outer) on indoor radon and the influence of
meteo-climatic factors on radon exhalation. The outcomes of preliminary experiments [1] indicate that
equilibrium 222Rn activities were reached rapidly when the chamber was left to exchange air through its walls. If
the walls were externally coated, the air exchange was strongly reduced enhancing radon accumulation. Further
tests demonstrated that inner covers (such as plasterboard and different kind of paints) partially reduced indoor
222
Rn, but entirely cut the short-lived 220Rn.
In this contribution, we present new experiments where indoor radon is monitored as a function of
indoor/outdoor air exchange (air introduction versus air extraction at different flow rates) to evaluate how
overpressure versus depression of a room affects indoor radon level. In a first set of tests, we evaluated the
effect of outer air introduction in the model room, to simulate the effect of induced room overpressure on
indoor radon levels. Results shows that the introduction of outdoor air strongly reduces indoor radon
concentration. This relative decrease is directly proportional to the air flow.
In the second group of experiments, indoor air was extracted from the model room. The goal of these
experiments was to evaluate the influence of enhanced indoor depression on radon activity concentrations.
Results show that the extraction of indoor air cuts very moderately radon level. Finally, keeping the
experimental configuration unchanged and allowing a moderate room ventilation, a poor relative increase of
indoor radon level is recorded.
Our test demonstrate that if indoor radon concentrations are very high and/or the volume of air withdrawal is
relatively small compared to the room volume, the use of air fans which extract indoor air may produce even an
increase of radon concentration, whereas increasing the room overpressure may strongly reduce the entry of
radon-rich air.
[1] Lucchetti C., Castelluccio M., Altamore M., Galli G., Soligo M., Tuccimei P., Voltaggio M. (2020). Using a scale model room to assess
the contribution of building material of volcanic origin to indoor radon. Nukleonica 65(2), 71-76
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SR, CA AND ZN IMPACT ON CARDIAC AUTONOMIC ACTIVITY IN
HEALTHY URBAN YOUNG ADULTS
Svetlana Tymchenko* (1), Anna Bogdanova (1), Natalia Baranovskaya (2), Elena Evstafeva (1)
(1) V.I. Vernadsky Crimean Federal University, Medical Academy Named after S.I. Georgievsky, Simferopol, Russian
Federation, (2) National Research Tomsk Polytechnic University, Tomsk, Russian Federation

Despite the measures taken to reduce the risk and consequences of anthropogenic environmental pollution on
human health, contamination of urban territories is still on its rise. Studies conducted among adults
occupationally exposed to heavy metals demonstrate their negative impact on the autonomic control of the
cardiac activity while the results among healthy adults under background exposure are less consistent. Thereby
we evaluated the influence of background Sr exposure related to Ca and Zn content on heart rate variability
(HRV) in healthy individuals (Simferopol, Russian Federation).
Concentration of Sr, Ca, Zn in hair was determined in 79 healthy individuals (34 males and 45 females;
18.7±0.7 year old) using the highly-sensitive nuclear-physical method of neutron activation analysis with
thermal neutrons irradiation at Tomsk’s research nuclear reactor (National Research Tomsk Polytechnic
University). To assess the autonomic control of the cardiac activity five-minute HRV recordings by three-lead
electrocardiography (Cardio, Ukraine) were obtained at rest in supine position followed by analysis of standard
time and frequency domain HRV parameters.
Median hair Ca and Zn levels were 1053.0 µg/g (interquartile range (IQR): 516.0-1849.0 µg/g) and 138.0 µg/g
(IQR: 111.0-163.0 µg/g) respectively. Deficiency of Ca and Zn was observed in 8 and 26 individuals and
excess – in 30 and 13 individuals, respectively. Sr concentrations exceeded normal values only in 5 individuals
ranging between 6.6 to 9.5 µg/g with the median hair Sr concentration equal to 5.0 µg/g (IQR: 5.0-5.0 µg/g) in
the entire group. The results showed that the median hair Ca levels for males and females were 537.0 µg/g
(IQR: 412.0-774.0) and 1691.0 µg/g (IQR: 1053.0-2514.0) respectively (p<0.001). No significant gender
differences were detected for Zn and Sr.
HRV assessed with both time and frequency domain approaches demonstrated that all the parameters were
within the normal ranges with no significant differences in males and females. Significant associations between
hair elements’ concentrations and HRV parameters were observed only for Sr using Spearman’s rank-order
correlation. The correlation coefficients revealed for the LFn (r=-0.28, p=0.012), HFn (r=0.28, p=0.012),
LF/HF (r=-0.029, p=0.011) at rest and Sr hair concentration suggest higher resting-state HRV in individuals
with greater Sr levels and relative balance shift where parasympathetic activity significantly predominates.
Observed Sr effects could be enhanced by the altered Ca and Zn levels in examined population suggesting that
extent of the health effects of Sr exposure might depend on levels of essential elements. Normalizing Ca and
Zn levels in the body could be an effective strategy aimed at attenuating the negative impact of Sr, thus further
measures need to be supported by further research.
Elemental analysis was financially funded by the V.I. Vernadsky Crimean Federal University (Project No
VG2019/15, АААА-А20-120012090158-7). Physiological part of research was possible due to RFBR project
№ 18-45-920042 entitled “Bioecological monitoring of heavy metals at Black Sea coastline of Crimea”,
2018–2020 years.
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SOFT COMPUTING TECHNIQUES FOR THE PREDICTION OF
CORRELABILITY BETWEEN AIR POLLUTION AND MAN HEALTH IN
BENEVENTO (ITALY)
Alessio Valente* (1), Salvatore Rampone (2)
(1) Department of Science and Technology, University of Sannio, Benevento, Italy, (2) DEMM - University of Sannio,
Benevento, Italy

Every day huge quantities of pollutants coming mainly from combustion processes (transport, domestic
heating, industrial production, etc.) continue to be poured into the atmosphere. To remove vertically these
pollutants from the ground, the meteorological conditions are not always effective, so in the cities these
substances tend to remain in the lowest part of the atmosphere. In addition, it is known that in air the emission
products can interact with each other, favoured by physic-chemical conditions (for example, sunlight), resulting
in new pollutants (for example, ozone).
An accumulation of pollutants is generated in that part of air in contact with the earth’s surface, when the
dilution capacity of pollutants in the atmosphere exceed the emissive capacity. In this way, dangerous
concentrations for human health and balance of ecosystems are reached. Despite the fact that the quality of the
air has improved (a strong decrease in emissions in Europe and in Italy), still today pollution is recognized as
one of the main environmental risk factors.
Administrations are obliged to prepare an air quality plan, when the levels of pollutants exceed a corresponding
limit or target value, and this can help to activate temporally and spatially differentiated recovery measures in
the urban area. In addition, it can be helpful to understand how the toxicity of these substances affects human
health. The aim of this research is, in fact, to correlate the data of the tumours registered by the Local Health
Authority (ASL) of the city of Benevento (Italy) with those of the concentrations of pollutants detected in the
air quality monitoring stations.
Specifically, we studied the correlation between lung cancer cases and the values of air pollutants through soft
computing techniques. We have therefore applied Artificial Neural Networks (Multi-Layer Perceptron – MLP),
and Genetic Programming (GP), the latter one allowing an explicit representation of the acquired knowledge.
These techniques have already been tested both to predict air conditions and to establish possible effects on
environmental components and human health.
The Benevento stations are equipped with instruments able to monitor the following components: NO2, CO,
PM10, PM2.5, O3 and Benzene (C6H6). For this research, the data relating to pollutants are from the 2012-2014
period while, assuming possible effects on human health in the medium term, the cancer data refer to the years
2016-2018. The Benevento tumour registry, at the date of the study, was not yet able to cover this period and,
therefore, these latter data were provided by the archives of the local hospitals.
The MLP result, confirmed by GP, shows a high correlation between the cases of lung tumours and the
overcoming of atmospheric particulate matter. More specifically, Artificial Neural Networks give a mean
correlation coefficient over 0,95 with a 0,31% average error. In the GP the correlation coefficient is 0,99 with a
1,65% average error. In the representation of the acquired knowledge the biggest negative impact is represented
by N02 for the eastern monitoring station, and PM10 and O3 for the monitoring station located in the centre of
Benevento.
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ENDING TOXIC ARSENIC EXPOSURE FROM WELL WATER IN
BANGLADESH
Alexander Van Geen* (1)
(1) LDEO of Columbia University

In the past 40 years, millions of wells were installed privately by households in South Asia to avoid
water-borne diseases, such as cholera, and to increase access to safe drinking water. This resulted in what has
been described as the largest mass poisoning of a population in history due to high arsenic levels in a
significant fraction of those wells. Bangladesh has been affected the most, with 40 million people exposed to
arsenic levels 10 to 100 times higher than the World Health Organization guideline. Arsenic is an invisible
killer that causes spontaneous abortions, still births, and infant deaths; reduces intellectual and motor function
in children; and accounts for 1 of 18 adult deaths, primarily from cardiovascular disease. In addition,
economists have demonstrated health effects of arsenic on wage earners that reduce the income of exposed
households by an average of US$100 per year.
International organizations and the government recognized the magnitude of the well-water arsenic problem in
the late 1990s. This led to a vast testing campaign of 5 million wells conducted in 2000-2005. Most hopes were
initially placed in engineering solutions such as filters to remove arsenic and piped-water supply systems. To
date, a larger number of exposed people have been provided safe water through deep hand-pumped tube wells
because most rural households live within walking distance of an existing safe well or within drilling distance
to a safe aquifer. The past decade has been one of stagnation and even resignation with respect to arsenic
mitigation, however. In 2018, however, the government of Bangladesh demonstrated its renewed interest with
about US$240M in new funding. This presentation outlines a plan to allocate such funding based on 20 years of
research in Bangladesh.
The patterns of arsenic in groundwater are largely stable over time but so complex spatially that every well
needs to be tested. Households reinstall their well on average once per decade and no testing of significance has
taken place since 2005. The main reason for continued exposure to arsenic is therefore simply that most rural
Bangladeshis don’t know the status of their new well. This also means that a one-time blanket testing of the
current estimate of over 10 million domestic hand tubewells in the country is not sufficient; about 1 million
new wells need to be tested each year. One major change since the first blanket testing campaign is that
smartphones are now ubiquitous in Bangladesh and can be used to both collect well-test data and process this
information to guide both households installing wells that target low arsenic aquifers and the government
installing public sources of low arsenic water.
What would be the cost of a new arsenic mitigation program? Testing a well with a kit costs about $3,
including the kit materials, labor, supervision, and durable placard with the test result to post on a well.
Installing a deep public well costs about $1,000. For a quarter of the US$240M allocated to arsenic mitigation
by the Bangladesh government, all 10 million existing wells in the country could be tested once and the 10
million replacement wells installed in the following decade could be tested as well. The remaining $180M
could be used to install about 180,000 deep community wells across the tens of thousands of affected villages
in the country. Given the price of a typical private household well of $100 and the 10-year turnover of the stock
of wells, even this large public allocation will rapidly be dwarfed by private expenditures on the order of
US$100M per year by households installing wells to access drinking water that, by and large, is free of
microbial pathogens. Public and private investment in lowering arsenic exposure combined of that order of
magnitude would eliminate an estimated 100,000 annual deaths and raise annual rural income by US$800
million in Bangladesh.

Scientific Research Abstracts
Vol. 10, p. 50, 2020
ISSN 2464-9147 (Online)
INTERNATIONAL MEETING OF GEOHEALTH SCIENTISTS | GHC 2020
© Author(s) 2020. CC Attribution 3.0 License

A FIELD KIT TO SCREEN SOIL FOR HAZARDOUS LEVELS OF LEAD
Alexander Van Geen* (1), Franziska Landes (2)
(1) LDEO of Columbia University, (2) Community Soil Testing

Countless children are exposed to toxic levels of lead (Pb) by playing in or near contaminated soil in
industrialized and developing countries alike. These toxic exposures negatively impact their prospects for
reaching their full potential later in life because of diminished intellectual function and behavior problems in
school. However, it is difficult to know where soil is contaminated because the distribution of Pb in soil is often
very heterogeneous. Toxic exposure to Pb from soil could therefore be greatly reduced if parents and
communities knew where it is safe for children to play and where it is not. Uncontaminated and contaminated
areas are essentially impossible to distinguish without measurement.
To address the need to identify soil Pb hotspots, we have developed a new, simple field procedure designed for
use by the general public to screen soil (Landes et al. 2019). The procedure is a modification of the Pb in vitro
bioaccessibility (IVBA) method of Drexler and Brattin (2007) and EPA (2017) Method 1340. These widely
used methods have been calibrated using animal studies and simulate processes inside a child’s stomach under
which Pb is released from ingested sediment and released to the bloodstream. The field procedure uses the
same simulated gastric acid solution of 0.4 M glycine at pH 1.5. One of our modifications that make it possible
to use this method in the field is a higher soil-to-solution ratio of 1:10 (compared to 1:100). Comparison of
these two procedures shows, unsurprisingly given the tendency for Pb to adsorb, that the field procedure at a
higher solid/solution ratio extracts about one-third as much as the standard method. Importantly, however, that
proportion is fairly constant across several orders of magnitude in concentrations Pb and for very different
types of contamination.
Our modification also increases the extracted Pb concentration in solution to the point where a purple
precipitate is formed in the presence of sodium rhodizonate. This allows the user to classify soil samples
visually based on extractable-Pb concentrations as low (<200 mg/kg), medium (200-400 mg/kg), and high
(>400 mg/kg). By and large, laboratory measurements and visual classifications of soil samples are consistent
even if there are some occasional outliers. The main point is that communities that have reasons to be
concerned will be able to detect persistently high levels of bioaccessible soil Pb themselves and decide for
themselves on next steps. This could include sending sieved soil and soil extracts to a laboratory for
instrumental analysis by X-ray fluorescence (Landes et al. 2019b), a widely used and fairly low-cost method.
Community Soil Screening, LLC was recently created to further improve, and ultimately commercially produce
and distribute, a new field kit that classifies Pb risk in soil as low, medium, or high based on a visual indicator.
Earlier versions of the kit, handmade with common laboratory components at Columbia University’s
Lamont-Doherty Earth Observatory, have been successfully deployed by parents, community members, and
high-school students in New York City and Peru.
[1] Landes, F. C., Paltseva, A., Sobolewski, J. M., Cheng, Z., Ellis, T. K., Mailloux, B. J., & van Geen, A. (2019). A Field Procedure to
Screen Soil for Hazardous Lead. Analytical Chemistry, 91(13), 8192–8198.
[2] Drexler, J. W., & Brattin, W. J. (2007). An in vitro procedure for estimation of lead relative bioavailability: with validation. Human and
Ecological Risk Assessment, 13(2), 383–401.
[3] U.S. EPA, & USEPA. (2017). Method 1340: in vitro bioaccessibility assay for lead in soil. SW-846 Update VI.
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RECONNAISANCE SOIL GAS RADON SURVEY IN CAMPANIA REGION
(ITALY): PRELIMINARY RESULTS
Daniela Zuzolo* (1), Stefano Albanese (2), Antonio Iannone (3), Pooria Ebrahimi (2), Raffaele
Melito (3), Annalise Guarino (2), Antonio Aruta (2), Domenico Cicchella (1)
(1) Department of Science and Technology, University of Sannio, Benevento, Italy, (2) Dept Earth Sci., Env. and
Resources, University of Napoli Federico II, Italy, (3) University of Sannio, Italy

Radon is a natural radioactive gas and it can be found in soils and rocks in the Earth, continuously produced by
the decay chains of uranium, thorium, or actinium series. Thus, the radon potential for a given area is mainly
the result of a combination of soils and underlying rocks properties. The presence of radon implies a serious
human health risk, primarily related to lung cancer. Campania region territory (Southern Italy) is characterized
by the occurrence of uranium (U) soil geochemical anomalies mainly associated to volcanic lithotypes. We
have planned a regional project aimed at defining the concentration of 222Rn in soils of Campania region and the
associated health hazard. This large-scale survey is based on a grid consisting of 158 cells (10 x 10 km). On the
basis of estimated soil radon flux map of Campania region, we preliminary selected a sub-area characterized by
an elevated geolithological variability. The soil gas radon survey was carried out in July 2019 in 15 sampling
stations. In field measurements of radon concentration in soil-gas were performed using by connecting the
radon measurement tools Alpha-GUARD PQ2000 PRO, Alpha-Pump, and soil-gas probe (inserted to a depth
of 0.70 meter in the soil). In the circuit, operating in the flow mode, a pre-calibrated balloon of 1 L volume was
included to control the quantity of gas and time during the filling process. After filling, the soil gas was isolated
inside of the ionization chamber for about further 10-15 minutes such that 220Rn (Thoron), a short-lived isotope
of radon with half-life of 55 seconds, could decay and the contribute of 222Rn be obtained. The radon index (RI)
classification was obtained combining measured radon data and soil permeability data derived from grain size
analysis [1], [2]. Our results showed that the distribution of 222Rn values ranged from 1 KBq/m3 to 95.1 KBq/m3.
We found that radon spatial variability followed a NE-SW direction apparently shaping the geolithological
features of the investigated area. For instance, measures performed where pyroclastic covers and major
uranium contents in soils occur (>3.32 ppm) showed the highest radon levels (>76 KBq/m3). The hazard
classification (RI) revealed that the intrinsic permeability of soils affect the amount of radon that potentially
may exhales and indirectly can represent a hazard for indoor environments. From an experimental point of
view, the adopted methodology proved to be a suitable approach for determining the concentration levels of
radon in soil and allowed to discriminate the thoron contribution. Our findings represent a valid preliminary
tool for the management of mitigation measures in health protection perspective. However, studies on a wider
scale would serve as an important planning instrument at regional level. In our opinion, the proposed method
for assessing the risk of radon exhaling from the underlying soil or bedrock have to be considered by all radon
specialists since radon determination of building sites has become obligatory in EU countries with European
Directive 2013/59/EURATOM.

[1] Barnet I., Pacherova P., Neznal M., Neznal M. (2008). Radon in geological environment. Czech experience. Czech Geological Survey
Special Papers 19, pp.72. Published by Czech Geological Survey, Prague.
[2] Neznal M., Neznal M., Matolin M., Barnet I., Mikšová J. (2004). The New Method for Assessing the Radon Risk of Building Sites.
Czech Geological Survey Special Papers 16, pp.. Published by Czech Geological Survey, Prague.
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