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Abstract

Asbestos cement materials (ACMs) are widespread in coastal environments as
result of illegal dumping activities. The study area is located in the northern sector
of the lonian Sea (northern Mediterranean Sea), in the Mar Grande basin (Taranto
city). This study shows the complex dynamics of building materials containing a high
amount of ACM discharged into the sea and subject to erosion, transport and
deposition in an overcrowded beach (Marechiaro bay). The interdisciplinary
research (sedimentology, stratigraphy, geomorphology, mineralogy) allows
defining the temporal dumping succession and erosion phases, the diffusion of
ACM in coastal environments, the mineralogical characteristics and physical status
of the ACCMs. Our results show that from 1992 (the year of the Italian law ban for
asbestos materials) to 2000 a significant increment of dumping operations occurs.
At the present day, the cliff formed by dumping debris has been subject to erosion

developing a new beach composed of man-made sediments.
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1. INTRODUCTION

Coastal zones are important naturalistic areas with a significant social and economic value. Although
their remarkable role, shelf and beach environments are the final delivery sink of various harmfulness
materials produced in continental areas and transported by different agents (rivers, wind, acquifers,
etc., Ambrose et al., 2019). In particular, heavy metals coming from industrial activities (Al-Shuely,
2009; Ramasamy, 2022), various PCBs pollutants (Tolosa et al., 1995; Ragab et al., 2016; El Nemr,
2016), and plastic materials (Reynold et al., 2020 and references therein), often containing PCBs (the
beach plastic pellets - Karlsson et al., 2021), are mostly ubiquitous in coastal areas. These pollutants
are imported into coastal environments through ordinary activities (industrial, mining, urban,
touristic, fishing or mariculture activities) or by episodic incidents (e.g. the accidental oil spills from
the sinking of oil tankers) representing a hazardous threat for marine ecosystems and human health
(see a complete and recent review in Fuller et al.,, 2022). A further dangerous issue is the
illegal/uncontrolled direct dumping of large volumes of pollutants which often form actual coastal
landfills (Nicholls et al., 2021). They are often the legacy of historical and recent fluid or solid waste
disposal activities, on which the action of waves, tides, currents and global sea-level rise induces
erosional processes and a continuous dispersal of pollutants in shallow marine and beach
environments (Goodman et al., 2020).

The presence of coastal landfills with historical or recent construction and demolition wastes is
globally widespread, but it is generally considered less dangerous despite they are constitutes of
debris coming from buildings, roads, railways, bridges, etc. (Osmani and Villoria-Sdez, 2019) and thus
made up of glass, wood and steel, mortar, concrete, bricks and excavated soil (Noor et al., 2020).
Conversely, the construction and demolition wastes contain a variable quantity of Asbestos Cement
Materials (ACMs) deriving from corrugated roofing, slabs, pipes, tanks, flues, fire retardant coating,

vinyl-asbestos floors, sound-absorbing panels, cement screeds and grouts (Obminski, 2020). During
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the 20th century, Italy has been the first asbestos producer and one of the most important consumers
in Europe (Virta, 2006). The Balangero quarry (Piedmont Region) active from 1917 to 1985 (Mirabelli
et al., 2008), has been the largest European Chrysotile quarry. Eternit and other companies have built
large industrial plants for the production of AC artifacts from the beginning of the twentieth century
(1907 in Casale Monferrato - Piedmont Region), Broni (Lombardy Region) and Bari (Apulia Region)
during the 30’s until the end of the 80’s. It has been calculated that about 75% of the ACMs in Italy
has not been removed or reclaimed. The rate at which such operations take place is about 1% per
year. Therefore, it is easy to predict that in 2100 not all asbestos present in Italy will have been
reclaimed (Marsili et al., 2017).

The ACMs containing asbestos are considered highly dangerous for the public health such that the
mineral has been banned in many Western Countries (while it is still used or produced in Russia,
China, India, Brasil —see a complete list at http://www.ibasecretariat.org/). However, the ACMs have
been often subject to illegal or improper dumping caused by a complex and expensive disposal
procedure (Paglietti et al., 2016; Liu et al., 2017) especially in countries affected by the prohibition.
Frequently, the presence of dangerous fragments is globally reported along beaches by media and
local authority alert announcements and many coastal areas (mainly in England, United States,
Australia and northern Mediterranean Countries, see http://www.mesothelioma.com) have been
under seizure or reclaimed.

Although it seems a widespread environmental issue, there is an unexpectedly poor scientific
literature on this topic. There are only few papers on reclamation procedures for coastal landfills
containing ACMs (e.g. the capping methodologies suggested by Tomasicchio et al., 2010), but the
erosion/transport/deposition dynamics of these materials along cliffs, beaches and shallow marine

environments have never been analyzed.
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In order to increase the knowledge about the ACMs pollution in marine environments, we apply an
interdisciplinary (geomorphological, sedimentological, mineralogical) approach to analyze a coastal
sector located along the northern lonian Sea (Mar Grande, Taranto, Southern Italy) where a large
amount of construction and demolition wastes has been directly dumped into the sea. Consequently,
the marine erosional processes have induced the formation of a steep cliff and the action of waves
and littoral drift have contributed to disperse these materials.

For this reason, the aims of this paper are: - recognizing the geometry of the sedimentary bodies
made up of construction and demolition wastes along the present-day cliff; - dating different
dumping actions; - describing the erosional processes along the cliff; - recognizing the presence of
ACMs and describing them in terms of quantity, quality and physical state; - mapping the presence
of ACMs fragments in the beaches adjacent to the cliff; - showing the lateral variations of these
fragments with the long-shore transport; - evaluating the reliable risk for the public health related

with the presence of ACMs on beaches and proximal marine environments.

2. STUDY AREA

The city of Taranto is known as "the City of the Two Seas" as it is located on the lonian Sea between
the Mar Piccolo and Mar Grande marine basins (Fig. 1). The Taranto coastal area is one of the most
polluted sectors of the European Union. The industrial center (Fig. 1) is responsible for the production
of about 92% of the Italian dioxin (9% of the whole European dioxin). The results of epidemiological
studies conducted on the Taranto population show a dramatic mortality excess and an abnormal
increase in congenital malformations in children (Zona et al., 2019). For these reasons, the Taranto
area has been included in the list of Sites of National Interest (SIN - Law 426/1998 and Ministerial
Decree of 10/01/2000). The SIN occupies a total area of 115 km? which includes the marine-coastal

areas of the Mar Grande and Mar Piccolo basins (with a total extension of the sea surface of 73.1
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km?, of which 51.1 km? in the Mar Grande basin and 22 km? in the Mar Piccolo basin). Indeed, the
Taranto seas (Mar Grande and Mar Piccolo basins) are deeply impacted by the presence of the largest
steel industry in Europe (ex-llva), an ENI oil refinery, fishery facilities, and an Italian Navy port
(Caroppo et al., 2012). The pollution is mainly concentrated in marine sediments as final repository
of litters with different origin and transport agents. The analysis of these polluted sediments shows
a high content of organotin compounds (Massari et al., 2021) and heavy metal as Cd, Cu, Hg, Pb, Sn,
Zn, etc. (Cotecchia et al, 2021; Rizzo et al., 2022) beyond the limits of the National laws. Moreover,
illegal dumping operations occur along the coastal areas: recently, more than 150 cars and 500 tons
of other large-scale marine litters (tyres, motorcycles, drums with materials of unknown composition,
washing machines, televisions, bathroom furniture, etc.) have been removed from the Mar Piccolo
basin.

The Apulia beaches develop on the Adriatic and lonian Seas and are generally made up of mixed
sands which include: siliciclastics, carbonate lithoclasts and bioclastic sands (Moretti et al., 2016; van
Loon et al., 2017; Lapietra et al., 2022). However, lonian beach sands are typically bioclastic with a
lesser percentage of carbonate rock fragments coming from the erosion of limestone or calcarenite
promontories (Milli et al., 2017; Lapietra et al., 2022).

The San Vito promontory (Fig. 1) is located between the Mar Grande basin and the lonian Sea. It
represents the closest and traditional marine area for bathing activities as it is located far away from
the Industrial center and the Taranto urban center. In particular, Marechiaro bay (literally, “clear
sea”) develops along the northern sector of San Vito area and it is part of numerous pocket beaches
that characterize the promontory (Fig. 1). The beach is comprised between two rocky headlands
made up of Quaternary carbonates (MIS 5 calcarenite deposits — Lisco et al., 2016; Valenzano et al.,
2018) that have been later used to place two submerged piers (a large submerged pier to the East

and a smaller emerged one). The Mar Grande basin coastal currents are conditioned by the
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morphology of the sea-bottom and by diffraction processes (De Serio and Mossa, 2015) which
induces a counterclockwise circulation (Gaeta et al.,, 2016), and the local East-directed littoral
transport in the northern se in the northern sectors of the San Vito promontory.

Marechiaro bay shows various physical elements and an unexpected biodiversity. The offshore
transition sectors are covered by a large and dense Posidonia oceanica prairie (seagrass — Fig. 1C)
which hosts many different benthic taxa (Rissoidea molluscs; among the foraminifera: Rosalina
globularis and Cibicides lobatulus) and last individuals of Pinna nobilis, recently subjected to mass
mortality processes in the Mediterranean Sea (Tiscar et al., 2022 and references therein). The small
dunes (Fig. 1C) are covered by robust and stable graminaceous herbs. In the retro-dune sector, a
shallow lagoon (Fig. 1C) with abundant reeds and aquatic plants (and a population of migratory birds)
occurs. A narrow fluvial incision N-S oriented has been obliterated by agricultural activities. It
conserves the geological and biological characteristics of the so-called “Lame” which are the typical

Apulian fluvial incisions with sub-vertical flanks and flat bottom (Pieri, 1980).

3. MATERIALS AND METHODS

Preliminarily, a rough description of the study area has been carried out through geomorphological
and sedimentological classic surveys along the cliff and the backshore-foreshore sectors. A scuba
diving survey has been conducted in the submerged area of the beach, from the shoreface to the
offshore transition (5-6 m of water depth).

A detailed description of the stratigraphic succession made up of dumping materials cropping out
along the cliff, has been carried out in three different points (1, 2 and 3 — Fig. 2), a few tens of meters
away from each other. Remains of commercial products have been collected to date the single
dumping stratigraphic units. Five sampling sectors with a 4 m? area (points 4-8 in Fig. 2) have been

selected along the backshore (eastern sector of the study area), at the same distance from the
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coastline (about 2 m). The ACM fragments contained in the unit areas were photographed on site by
using a white background and a graphic scale (80 ACM fragments with a minimum diameter of 0.02
m). High-resolution photos were selected to perform the morphometric analyses through Image J©
software. In particular, four morphometric parameters were calculated: - the Circularity which
describes the similarity of the particle shape with a circle; the Aspect Ratio which defines the ratio
between the particle length and its width; - the Roundness which highlights the difference between
angular (breccia) or rounded (gravel) particles; the Solidity which describes the ratio between the
area and the outline convex hull. The 2D analysis of the large fragments of AC is justified by their flat
morphology: the measured thickness of the AC fragments can be considered negligible compared to
the other two dimensions.

A total of five ACM fragment samples was collected on the cliff (1 in Fig. 2), at the base of the cliff (2
in Fig. 2) and in the backshore areas (4, 6 and 8 in Fig. 2) for the x-ray and SEM analysis. ACM Powder
X-ray diffraction analysis (XRPD) was carried out with a Philips X'Pert Pro powder X-Ray
diffractometer, employing as working conditions: Cu Ka radiation filtered by means of a curved
graphite monochromator; 40 kV and 40 mA of power supply; divergence slit=1°; anti-scatter slit=0.5°;
receiving slit=0.2 mm; scan speed of 0.5° (20) per minute. The ACM samples, covered 30 nm graphite
layer, were subjected to Scanning Electron Microscopy observations (SEM-EDS) (microscope EVO-
50XVP LEO); microanalyses were achieved with an X-max (80 mm?) Silicon drift Oxford detector
supplied with a Super Atmosphere ThinWindow©®. Petrographic analyses on sands were avoided due
to the high risk of fibers dispersion during sampling, grain-size analysis and microscope observations.
Moreover, remote sensing techniques were employed in order to evaluate the geomorphological
changes of Marechiaro bay over the past fifty years. The landscape analysis of this coastal area was
carried out with classical stereoscope techniques on aerial photos (IGM 1954, 1972 and 1978) and

manually tracing the geomorphological elements. A comparison between aerial photos (IGM 1978)
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and present-day satellite images (Google Earth 2022) was also performed to preliminarily recognize
the anthropic dumping activities and to evaluate the approximate volume of the relative deposits.
Furthermore, an analysis of the erosional and depositional dynamics of the coastal sector was

investigated through satellite images (GoogleEarth from 2002 to 2020).

4. RESULTS

4.1 The cliff of Marechiaro bay

The cliff of Marechiaro bay extends for about 500 m in length (Fig. 1C and 2) and it has a sub-vertical
shape (Fig. 3). It reaches a maximum of 3 m height in its central sector (Fig. 3A). The carbonate rocky
substrate shows an irregular top which locally crops out at the sea level. A laterally continuous
sedimentary body made up of the debris occurs at the base of the cliff (OS in Fig. 3B). Debris deposits
show a regularly sloped upper surface which extends from the cliff to the foreshore (OS in Fig. 3B);
this regular top is frequently reworked by the wave action. The cliff seems to be unstable and recent
slide deposits (RS in Fig. 3B) occur on top of the older debris bodies. The instability is induced by
storm wave events which are recorded by the accumulation of abundant plant remains and rhizomes
coming from the seagrass area, mollusk fragments and plastic materials at the cliff base.

The cliff and debris deposits are composed of man-made materials, mostly coming from demolition
work activities (Figs. 3A and B).

4.1.1. Stratigraphy of the cliff

The man-made materials are clearly visible along the cliff, but their stratigraphy is complex. The
thickness varies from 0.2 m to 2 m along the western sector of the cliff. In some places (e.g. Fig. 4A —
point 3 in Fig. 2), these deposits are characterized by a massive structure rather than a geometric

organization in beds or sedimentary units. Moreover, a single 1.5 m thick bed laying on coarser
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sediments occurs. A thick rope crosses the whole deposit cropping out at different stratigraphic

height (Fig. 4A).

In the eastern part of the cliff, the thickness can reach 2-3 m and the clasts of man-made materials
are organized in single beds, often showing a lenticular geometry (Fig. 4B). The contact between
different sedimentary units is sharp, erosional and shows a pseudo-channelized geometry. The
lenticular beds have a low lateral continuity, suddenly disappearing along the cliff (Fig. 2B). The beds
differ in grain-size, matrix-content and lithology (types of man-made material). They are made up of
angular clasts with diameter > 2 mm (breccias), and they can be matrix-supported (para-breccia) or
clast-supported (ortho—breccia), in terms of textural features (Fig. 4). The man-made materials
contain cement, mortar, tiles in ceramics, wood and plywood, bitumen, road asphalt pavement, etc.
(Figs. 4C and D) deriving from demolition, construction, and renovation activities. Plastics are also
widespread as well as various consumer products (aluminum shaving foam/deodorant/beverage
cans, detergent containers, pieces of televisions and other fragments of unidentifiable objects).
Lastly, many ACM fragments crop out in the upper portion of the succession (Figs. 4C and D).

As regard the cross-shore stratigraphic section (point 1 in Fig. 2), dumping deposits show a prograding
geometry (Fig. 5) toward the sea (N-NW) and a relative lateral continuity. The local stratigraphy of
the cliff is represented by four separate units limited by different erosional surfaces (Fig. 5). Unit 1 is
0.7 m thick and its base is not visible. It is made up of ortho-breccias with a low matrix content. Clasts
are fragments of tiles, hollow bricks and carbonate rocks (limestones and calcarenites). Unit 2isa 1.2
m thick para-breccia deposit with abundant yellowish sandy matrix. Clasts are mainly represented by
cement fragments, but ceramic tiles and railway asphalt are widespread. No fragments of ACM have
been recognized in these units. On the contrary, unit 3 is 0.7 m thick and is made up of large ACM
fragments. Moreover, unit 4 is a 1.3 m thick para-breccia deposit with an abundant grey silty and

sandy matrix. The clasts are dispersed in the grey matrix, and they are represented by cement, mortar
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and rare fragments of ACM. The upper portion of this unit show also traces of pedogenetic processes
and a general brown color (Fig. 5). This brief description confirms the observations carried out in the
eastern sector of the cliff (Fig. 4): the upper portion always contains fragments of ACM, whereas they
seem particularly widespread in unit 3 (western sector — Fig.5) where the ACMs are chiefly made up
of roof corrugated tiles with their typical curved morphology (Fig. 6A). They are chipped, partially
broken or in smaller fragments with a diameter ranging from 20 to 2 cm (Fig. 6A). Numerous ACM
fragments of large dimension (Figs. 6B and C) are also dispersed in other man-made materials with
abundant matrix along the base of the cliff.

4.2 The beach of Marechiaro bay

The scuba diving survey shows that the seagrass begins below 5-6 m of water depth (the locale base
level of storm waves) and covers the offshore transition and deeper environments (Figs. 1C, 2 and
7A). The soft-substrate is made up of fine-grained mixed sands with an abundant bioclastic content.
The lower shoreface is nearly flat and it contains fine-grained sands (Fig. 7A). It slightly increases its
slope (upper shoreface) as result of the progressive increase in grain size toward the shoreline. The
survey on the emerged beach sector shows gravel and coarse-grained sand along the foreshore
covered by a thick banquette formed by abundant remains of Posidonia oceanica (Fig. 3B). The
backshore of Marechiaro beach is narrow and it is made up of gravel and coarse-grained sand. It is
limited by vegetated low-elevation dunes (Figs. 7A and B) with well-sorted medium-grained sands.
4.2.1. The ACM of the beach area

Sands and gravels of the foreshore and backshore sectors shows a particular composition due to the
natural and man-made particle origins (Fig. 8A). The natural materials are widespread (Fig. 8A) and
they are represented by bivalves, gastropods shells (or their fragments) and Posidonia oceanica
remains (roots, rizhomas, and egagropoli). The man-made materials are also abundant and they are

mainly composed of red brick clasts, ceramic tile of different colors, grey cement, plastics, and glasses

10
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(Fig. 8A). The ACM fragments are less common (Fig. 8A), but they regularly occur along the sandy-
gravelly foreshore and backshore areas. To establish the lateral distribution of the ACM fragments,
their number for unit area (4m? Fig. 8B) has been counted considering the clasts with the maximum
diameter > 2 cm (Figs. 8C and D). There is an irregular variation of the clasts number along the beach
(Fig. 8E) and this seems to change randomly. A number of 80 ACM clasts were recognized in the 5-
unit areas corresponding to 4 clasts for m2. Their morphology varies from angular or rounded to
elongated or circular.

4.2.2 Morphometric analysis on ACM clasts

A simple image analysis was carried out on 80 clasts in the unit areas of the beach sector (points 4,
5, 6, 7 and 8 — Fig. 2) to evaluate the lateral variation of the morphometric parameters. Indeed,
Imagel) software directly provides the morphometric parameters using the photo binary images.
Using these calculated parameters, it is possible to recognize a lateral variability (Fig. 9A), even
though the data are scattered. Data dispersion depends on the final shape of the initial ACM
fragments (random) shape. Using the Krumbein (1941) comparison classes, the geometrical system
becomes easier (Cruz-Matias et al., 2019) with a clear correlation (Fig. 9B). ACM clasts are
transformed from angular clasts (similar to the breccias cropping out on the cliff) to well-rounded
gravels through transport processes. The eroded ACM (formed by cement and asbestos) fractions are

then released into the environment.

4.3 Mineralogical analysis on ACM clasts

Five ACM samples were collected for mineralogical Powder X-ray diffraction analyses (PXRD) and
Scanning Electron Microscopy observations (SEM-EDS): one on the cliff, one on the debris deposit
located at the cliff base and three along the beach of Marechiaro bay (respectively, points 1, 2, 4, 6,

8 — Fig. 2, Tab.1).

11
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The mineralogical analyses show the presence of the following asbestos minerals:

1. Chrysotile (serpentine asbestos, white asbestos), phyllosilicate group, having the following general
crystal chemical formula: Mge(SiaO10)(OH)s

2. Crocidolite (blue asbestos), the fibrous variety of the Riebeckite: group of double-chain inosilicates,
having the following general crystal chemical formula: Na,(Fe*?, Mg)sFe*3,[(Siz011)(OH)]2

3. Amosite (brown asbestos), the fibrous variety of the amphibole Grunerite: group of double-chain
inosilicates, having the following general crystal chemical formula: (Fes2, Mg)7[(Siz011)(OH)]2

All samples contain Chrysotile as main asbestos component (Fig. 10). Sample 6 shows also the
presence of Crocidolite (Figs. 10A and B). Samples 1, 2 and 8 contain the association of Chrysotile
with both the asbestos amphiboles (Crocidolite and Amosite), while sample 4 only shows the
association Chrysotile and Amosite (Figs. 10C). The percentage of asbestos minerals in the samples
(calculated with the XRPD analysis, Belluso, 2017) varies from a minimum of 20% up to 32%.

Lastly, SEM-BSE images (e.g. Figs. 10A and B) often highlight the presence of a cement matrix which

is subject to a severe decay (crumbled or pulverized matrix).

4.4 Remote sensing analysis

Remote sensing analysis were chiefly carried out to hypothesize the approximate volume of dumped
mad-made materials and the evolution of Marechiaro bay during recent time.

The stereoscopic analysis of older aerial photos (IGM 1954, 1976 and 1978) shows the absence of
detectable dumping operations during this period of time, but changes of the landscape occurred in
terms of new urbanization (civil housing and holidays villas) and agricultural activities. On the
contrary, the comparison between the main morphological elements in the older aerial photos
(mainly the cliff edge and the seashore — Fig. 11A) and the present-day landscape (2022 Google Earth

images — Fig. 11B) highlighted the presence of dumping deposits (Fig. 4C). Fig. 4 shows a massive

12
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beach progradation during the last 50 years probably caused by the lateral expansion of the ship
maintenance area located in the eastern sector of the study area (Fig. 4). Indeed, only large-scale
dumping activities generally build anomalous cliff “advancing” process (Fig. 11C).

This gradual process can be also described by analyzing the satellite images of the last twenty years
(Google Earth 2002-2020 — Fig. 12). The retreat of the cliff is faithfully recorded by the rapid changes
of the easternmost transitional environments.

Comparing the 2002 satellite image with the 1978 aerial photo, the presence of dumping materials
is significant. Indeed, a sand accumulation seems to begin along a man-made structure parallel to the
coastline (probably, a submerged barrier protection). In 2007, a continuous cordon littoral occurs
limiting a sort of tidal flat with a single tidal channel. From 2013 to 2020 (Fig. 12), an actual beach
system establishes in this area. The dune occurrence follows the changes in the dominant vegetation
and a lagoonal-palustrine basin develops in the retro-dune sector. The alternation of lagoonal and
palustrine conditions seems to correspond to slight variations in water depth, vegetation types and
organic matter accumulation. The final sketch in Fig. 12 summarizes the main results of the satellite
image analysis: a small cliff retreat in the western sector of the bay is recorded by a rapid evolution
(only twenty years) of the eastern sector in terms of landscape and sedimentary environments
inducing the infill of an original wide marine area the formation and the progradation of a sandy

beach.

5. DISCUSSION

The multidisciplinary approach aimed to analyze the complex issue of the ACMs illegally dumped in
transitional environments which are typically highly dynamic in space and time (Arienzo et al., 2020).
The physical stratigraphy analysis of the cliff shows the geometry and lateral distribution of the man-

made materials. In particular, the localized extent of single dumping deposits, the erosional surfaces

13
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between different units and the progradational geometry of them could be interpreted as result of
repeated dumping operations carried out with dump trucks.

Generally, a progradational geometry is restricted to nearshore sedimentary systems where
deposition induces a regression with continuous shifting of the shoreline toward the sea (Bates and
Jackson, 1987). Fig. 13 shows dumping operations that could be produce geometries similar to the
natural ones (for example, a prograding delta system). However, in this study case, the deposition is
carried out through successive dumping operations directly into the sea and along a cliff made up of
older man-made materials. Dumping processes form erosional (often channelized) surfaces between
different man-made material deposits inducing localized flows along the slope made up of previous
deposits (as in natural marine debris flows, Niedoroda, 2006).

Dating analysis on cropping out cliff deposits indicate that they have been dumped during the 90’s.
The upper part of the cliff is characterized by the abundant occurrence of ACM and they seem to
suddenly compare after 1992 (see Fig. 5). This data agrees with the introduction of L. n. 257/1992
which ban the use of asbestos. Rare clasts of ACM have been also found in older deposits, but they
are randomly distributed in dumping units. After 1992, the abundant presence of ACM becomes the
result of illegal material disposal to avoid expensive operations (Paglietti et al., 2016; Liu et al., 2017).
Remote sensing analyses confirm the main dumping operations during 80’s and 90’s. Indeed, aerial
photos before 1978 shows the absence of man-made materials discarded along the cliff sector (Fig.
10). Furthermore, no evidence of new dumping operations has been detected after 2002 (Fig. 11).
Considering a constant thickness of 2.5 m and that the natural cliff was carved in the Quaternary
calcarenites (Fig. 10A) in 1978, a rough volume quantification of dumping deposit could be obtained

by measuring the area comprised between the two cliff edges (1978 — 2022).
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The volume is about 40.000 m3. However, part of this material has been eroded and transported
toward the adjacent beach (the Mar Grande basin circulation induces a long-shore current toward
East — De Serio and Mossa, 2015; Mossa et al., 2020).

The mineralogical analyses confirm the nature of ACMs which is characterized by a variable content
of asbestos minerals. This result indicates the presence of man-made materials coming from the
demolition of buildings, roads etc., and belonging to different time of construction. Indeed, the
percentage of asbestos minerals increased from about 18-20% by weight up to well over 30% by
weight between the 60’s and the last years of industrial activity. The increment is correlate with the
gradual decrease of the asbestos minerals value until reaching the maximum depreciation close to
the ban of the asbestos minerals in Italy (Laviano et al., 1997; 2004).

The beach investigation confirms the data collected in the adjacent cliff. Man-made materials of
different nature form the present-day beach. The natural component of transitional sands and
gravels is strictly represented by the biological fragment component (mainly shells). Furthermore,
starting from 2002, wide sectors of the original areas covered by the present-day lagoonal/palustrine
environment have been filled by man-made materials (Fig. 11) increasing the ACMs distribution.
Moreover, the results connected with the morphometric analyses indicate that ACM clasts undergo
rounding processes caused by transport along the coast. The friction and the impact with other
materials induce a fast rounding of ACM fragments as they have a lower hardness degree than other
building materials (Adi Atmika et al., 2019). Major friction processes occur along the nearly flat
surface of ACM clasts as results of their movement on a sandy substrate which is typical of the
foreshore sectors (Stark et al., 2014). Moreover, the manufacture year and the physical/chemical
state of ACMs clasts can be fundamental for their behavior in water and collision/frictional processes.
All these processes induce a dispersion of asbestos fibers in the beach environments increasing the

risk of people’s health.
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Finally, most of the ACM fragments and clasts observed along the cliff and the beach of Marechiaro
bay seem to be characterized by the so-called friable state (Laviano et al., 1997). The “friable” term
is applied for any ACMs crushed, crumbled, pulverized, or turned into powder with hand. It is known
that asbestos-containing materials are more dangerous to human health the more friable they are.
The weathering of ACMs induces physical and chemical changes mainly in the cement matrix causing
the asbestos fibers dispersion (Campopiano et al., 2009). SEM-BSE analysis describes the low physical
state of ACM samples. The ACMs found along the cliff (Fig. 14A) and at its base (Fig. 14B) show a
macroscale friable state and therefore a high risk for human health. This susceptibility to release

fibers is significant high in the clasts of the beach.

6. CONCLUSIONS

Several issues remain unsolved after the ban on Asbestos in Italy (L. n 257/1992) and in the European
Union (ECD 1999/77). In particular, the asbestos removal and waste disposal are still an
environmental/health emergency all over the world. Indeed, the high cost of removal and disposal
operations and the lack of suitable State financings have favored the ACM illegal dumping in the
environment.

This study deals with the problems connected to ACM dumping processes into the sea. Although
asbestos has a high prevalence, it has never been analyzed in detail. In this respect, part of this
research focused on appropriate methodologies for analyzing ACM dynamics in shallow-marine
environments. For this reason, the first conclusion highlights the need of an interdisciplinary
approach (geomorphological, sedimentological and mineralogical) in order to describe this complex

issue in a reliable way.
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Secondly, several critical issues concern the area of Marechiaro bay which represents the final sink
of hazardous materials. The ACM fragments deriving from the erosion of the cliff contribute to the
accumulation of material on an overcrowded beach, especially in summer seasons.

In addition, the most important consideration concerns the use of our results. The research findings
allowed the local authorities to immediately close the bay preventing access to bathers.

Our study could help decision makers and local authorities to request remediation interventions. The

project of reclamation and the use of this area as a coastal city park has already been funded in 2021.

References

Adi Atmika, I.K., Ary Subagia, I. D. G., Surata, I. W., Sutantra, I. N., 2019. Study of Mechanical and Physical
Properties of Natural Hybrid Composites. International Journal of Materials, Mechanics and Manufacturing, 7,

6. Doi: 10.18178/ijmmm.2019.7.6.467.

Al-Shuely, W., Ibrahim, Z.Z., Al-Kindi, A., Al-Saidi, S., Khan, T., Marikar, F.A, Al-Busaidi, M., 2009. Heavy Metals
Contents on Beach Sediments North and South of Sohar Industrial Area, Oman. Journal of Environmental

Science and Technology 2, 73-79.

Ambrose, K.K., Box, C., Boxall, J., Brooks, A., Eriksen, M., Fabres, J., Fylakis, G., Walker, T.R., 2019. Spatial trends
and drivers of marine debris accumulation on shorelines in South Eleuthera, the Bahamas using citizen science.

Marine Pollution Bullettin 142, 145-154.

Arienzo, M., Bolinesi, F., Aiello, G., Barra, D., Donadio, C., Stanislao, C., Ferrara, L., Mangoni, O., Toscanesi, M.,
Giarra, A., Trifuoggi, M., 2020. The Environmental Assessment of an Estuarine Transitional Environment,

Southern Italy. J. Mar. Sci. Eng., 8, 628. https://doi.org/10.3390/jmse8090628

17



393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

Bates, R.L., Jackson, J.A., 1987. Glossary of Geology. 3rd Edition, American Geological Institute, Alexandria,

788.

Belluso, E., 2017. Amianti (asbesti): caratteristiche mineralogiche e tecniche di indagine. Geologia

del’Ambiente 4, 12-18. ISSN 1591-5352.

Bracchi, V.A., Marchese, F., Savini, A., Chimienti, G., Mastrototaro, F., Tessarolo, C., Cardone, F., Tursi, A,,
Corselli, C., 2016. Seafloor integrity of the Mar Piccolo Basin (Southern Italy): quantifying anthtropogenic

impact. Journal of Maps (12), sup 1, 1-11. Doi: 10.1080/17445647.2016.1152920.

Campopiano, A., Ramires, D., Zakrzewska, A.M., Ferri, R., D'annibale A., Pizzutelli, G., 2009. Risk assessment of
the decay of asbestos cement roofs. Ann Occup Hyg 53, 627-638. doi: 10.1093/annhyg/mep036. Epub 2009

Jun 2. PMID: 19491148.

Cardellicchio, N., Buccolieri, A., Giandomenico, S., Lopez, L., Pizzulli, F., Spada, L., 2007. Organic pollutants
(PAHs, PCBs) in sediments from the Mar Piccolo in Taranto (lonian Sea, Southern Italy). Marine Pollution

Bulletin 55 (10 —12), 451 —-458.

Caroppo, C., L. Giordano, N. Palmieri, G. Bellio, A. Paride Bisci, G. Portacci, P. Sclafani, Sawyer Hopkins, T.,
2012. Progress towards sustainable mussel aquaculture in Mar Piccolo, Italy. Ecology and Society 17(3), 10.

Doi: 10.5751/ES-04950-170310.

Cotecchia, F., Vitone, C., Sollecito, F., Mali, M., Miccoli, D., Petti, R., Milella, D., Ruggieri, G., Bottiglieri,
0., Santaloia, F., De Bellis, P., Cafaro, F., Notarnicola, M., Todaro, F., Adamo, F., Di Nisio, A., Lanzolla,
A.M.L., Spadavecchia, M., Moretti, M., Agrosi, G., De Giosa, F., Fago, P., Lacalamita, P., Lisco, S., Manzari,
P., Mesto, E.,Romano, G., Scardino, G., Schingaro, E., Siniscalchi, A., Tempesta, G., Valenzano,

E., Mastronuzzi, G., Cardellicchio, N., Di Leo, A., Spada, L., Giandomenico, S., Calo, M., Uricchio, V.F., Mascolo,

18


https://www.nature.com/articles/s41598-021-82879-w#auth-F_-Cotecchia
https://www.nature.com/articles/s41598-021-82879-w#auth-C_-Vitone
https://www.nature.com/articles/s41598-021-82879-w#auth-M_-Mali
https://www.nature.com/articles/s41598-021-82879-w#auth-D_-Miccoli
https://www.nature.com/articles/s41598-021-82879-w#auth-R_-Petti
https://www.nature.com/articles/s41598-021-82879-w#auth-D_-Milella
https://www.nature.com/articles/s41598-021-82879-w#auth-G_-Ruggieri
https://www.nature.com/articles/s41598-021-82879-w#auth-O_-Bottiglieri
https://www.nature.com/articles/s41598-021-82879-w#auth-F_-Santaloia
https://www.nature.com/articles/s41598-021-82879-w#auth-P_-Bellis
https://www.nature.com/articles/s41598-021-82879-w#auth-F_-Cafaro
https://www.nature.com/articles/s41598-021-82879-w#auth-M_-Notarnicola
https://www.nature.com/articles/s41598-021-82879-w#auth-F_-Todaro
https://www.nature.com/articles/s41598-021-82879-w#auth-F_-Adamo
https://www.nature.com/articles/s41598-021-82879-w#auth-A_-Nisio
https://www.nature.com/articles/s41598-021-82879-w#auth-A__M__L_-Lanzolla
https://www.nature.com/articles/s41598-021-82879-w#auth-M_-Spadavecchia
https://www.nature.com/articles/s41598-021-82879-w#auth-M_-Moretti
https://www.nature.com/articles/s41598-021-82879-w#auth-G_-Agros_
https://www.nature.com/articles/s41598-021-82879-w#auth-F_-Giosa
https://www.nature.com/articles/s41598-021-82879-w#auth-P_-Fago
https://www.nature.com/articles/s41598-021-82879-w#auth-M_-Lacalamita
https://www.nature.com/articles/s41598-021-82879-w#auth-S_-Lisco
https://www.nature.com/articles/s41598-021-82879-w#auth-E_-Mesto
https://www.nature.com/articles/s41598-021-82879-w#auth-G_-Romano
https://www.nature.com/articles/s41598-021-82879-w#auth-G_-Scardino
https://www.nature.com/articles/s41598-021-82879-w#auth-E_-Schingaro
https://www.nature.com/articles/s41598-021-82879-w#auth-A_-Siniscalchi
https://www.nature.com/articles/s41598-021-82879-w#auth-G_-Tempesta
https://www.nature.com/articles/s41598-021-82879-w#auth-E_-Valenzano
https://www.nature.com/articles/s41598-021-82879-w#auth-G_-Mastronuzzi
https://www.nature.com/articles/s41598-021-82879-w#auth-N_-Cardellicchio
https://www.nature.com/articles/s41598-021-82879-w#auth-A_-Leo
https://www.nature.com/articles/s41598-021-82879-w#auth-L_-Spada
https://www.nature.com/articles/s41598-021-82879-w#auth-S_-Giandomenico
https://www.nature.com/articles/s41598-021-82879-w#auth-M_-Cal_
https://www.nature.com/articles/s41598-021-82879-w#auth-V__F_-Uricchio
https://www.nature.com/articles/s41598-021-82879-w#auth-G_-Mascolo

414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

G., Bagnuolo, G., Ciannarella, R., Tursi, A., Cipriano, G., Cotugno, P., Sion, L., Carlucci, R., Capasso, G., De
Chiara, G., Pisciotta, G., Velardo R., Corbelli, V., 2021. A geo-chemo-mechanical study of a highly polluted
marine system (Taranto, Italy) for the enhancement of the conceptual site model, Science Reports 11, 1-26.

Doi: 10.1038/s41598-021-82879-w.

Cruz-Matias, I., Ayala D., Hiller, D., Gutsch, S., Zacharias, M., S. Estradé, S., F. Peird, F., 2019. Sphericity and
roundness computation for particles using the extreme vertices model. Journal of Computer Science 30, 28—

40. Doi: 10.1016/j.jocs.2018.11.005

De Serio, F., Mossa, M., 2016. Environmental monitoring in the Mar Grande basin (lonian Sea, Southern Italy).

Environ Sci Pollut Res Int 23,13, 12662-74. Doi: 10.1007/s11356-015-4814-y.

El Nemr, A., El-Sadaawy, M.M., 2016. Polychlorinated biphenyl and organochlorine pesticide residues in
surface sediments from the Mediterranean Sea (Egypt). International Journal of Sediment Research 31, 44—

52.

ECD 1999/77, 1999. European Commission Directive 1999/77/EC of 26 July 1999 on Adapting to Technical
Progress for the Sixth Time. Annex | to Council Directive 76/769/EEC on the Approximation of the Laws,
Regulations and Administrative Provisions of the Member States Relating to Restrictions on the Marketing and
Use of Certain Dangerous Substances and Preparations (Asbestos); Off. J. Eur. Commun. L207:18-20. Available

online: http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:1999:207:0018:0020:EN:PDF

Fuller, R., Landrigan, P. J., Balakrishnan, K., Bathan, G., Bose-O’Reilly, S., Brauer, M., Caravanos, J., Chiles, T.,
Cohen, A., Corra, L., Cropper, M., Ferraro, G., Hanna, J., Hanrahan, D., Hu, H., Hunter, D., Janata, G., Kupka, R.,
Lanphear, B., Lichtveld, M., Martin, K., Mustapha, A., Sanchez-Triana, E., Sandilya, K., Schaefli, L., Shaw, J.,
Seddon, J., Suk, W., Téllez-Rojo, M.M., Yan, C., 2022. Pollution and health: a progress update. Lancet Planet

Health 6, 535-547.


https://www.nature.com/articles/s41598-021-82879-w#auth-G_-Bagnuolo
https://www.nature.com/articles/s41598-021-82879-w#auth-R_-Ciannarella
https://www.nature.com/articles/s41598-021-82879-w#auth-A_-Tursi
https://www.nature.com/articles/s41598-021-82879-w#auth-G_-Cipriano
https://www.nature.com/articles/s41598-021-82879-w#auth-P_-Cotugno
https://www.nature.com/articles/s41598-021-82879-w#auth-L_-Sion
https://www.nature.com/articles/s41598-021-82879-w#auth-R_-Carlucci
https://www.nature.com/articles/s41598-021-82879-w#auth-G_-Capasso
https://www.nature.com/articles/s41598-021-82879-w#auth-G_-Chiara
https://www.nature.com/articles/s41598-021-82879-w#auth-G_-Chiara
https://www.nature.com/articles/s41598-021-82879-w#auth-G_-Pisciotta
https://www.nature.com/articles/s41598-021-82879-w#auth-R_-Velardo
https://www.nature.com/articles/s41598-021-82879-w#auth-V_-Corbelli

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

Gaeta, M.G., Samaras, A.G., Federico, |., Archetti, R., 2016. A coupled wave-3D hydrodynamics model of the
Taranto Sea (Italy): a multiple-nesting approach. Nat. Hazards Earth Syst. Sci. Discuss 16, 2071-2083. Doi:

10.5194/nhess-2016-95.

Goodman A., Walker T.R., Brown C., Wilson B., Gazzola V., Sameoto J., 2020. Benthic marine debris in the Bay
of Fundy, eastern Canada: Spatial distribution and categorization using seafloor video footage. Mar. Pollut.

Bull. 150, 110722.

Karlsson, T., Brosché, S., Alidoust, M. and Takada, H., 2021. Plastic pellets found on beaches all over the world

contain toxic chemicals. International Pollutants Elimination Network (IPEN), ISBN: 978-1-955400-14-5, 25.

Krumbein, W.C., 1941. Measurement and geological significance of shape and roundness of sedimentary

particles, Journal of Sedimentary Research 11, 64-72.

Legge 27/03/1992 n. 257, 1992. Norme Relative alla Cessazione Dell'impiego Dell’amianto; Suppl. Ord. alla
Gazzetta  Ufficiale—Serie  Generale n. 87 del 13 aprile 1992. Available online:

http://www.salute.gov.it/resources/static/primopiano/amianto/normativa/Legge 27 marzo_1992.pdf.

Lapietra, I., Lisco, S., Mastronuzzi, G., Milli, S., Pierri, C., Sabatier, F., Scardino G., Moretti M., 2022. Morpho-
sedimentary dynamics of Torre Guaceto beach (Southern Adriatic Sea, Italy). Journal of Earth System Science,

131. Doi: 10.1007/s12040-022-01811-6

Lapietra, 1., Lisco, S.N., Milli, S., Rossini, B., Moretti, M., 2022. Sediment provenance of a carbonate bioclastic
pocket beach — Le Dune (lonian Sea, South Italy), Journal of Palaeogeography, 11, 2, 238-255. Doi:

10.1016/j.jop.2022.03.005.

20



456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

Laviano, R., Moretti, M., Paglionico, A., Rossi, R., 1997. Studio di un sito industriale dismesso per la lavorazione

dell’amianto: ipotesi di bonifica ed aspetti normativi. CNR Report, 129-134.

Laviano, R., Moresi, M., Perniola, D., Balenzano, F., 2004. Materiali contenenti amianto in matrice cementizia:
possibile riutilizzo quale materia prima - seconda nella realizzazione di laterizi. “L'industria e I'amianto”,
Edizioni Servizio Pubblicazioni e Informazioni Scientifiche — Consiglio Nazionale delle Ricerche (CNR), Roma.,

353-389. ISBN 88-8080-051-5.

Lisco, S., Corselli, C., De Giosa, F., Mastronuzzi, G., Moretti, M., Siniscalchi, A., Marchese, F., Bracchi V.,
Tessarolo, C., Tursi, A., 2016. Geology of Mar Piccolo, Taranto (southern Italy): the physical basis for

remediation of a polluted marine area. Journal of Maps, 1-8. Doi: 10.1080/17445647.2014.999136.

Liu, Y., Kong, F., Santibanez Gonzalez, E.D.R., 2017. Dumping, waste management and ecological security:

Evidence from England. Journal of Cleaner Production 167, 1425-1437. Doi: 10.1016/j.jclepro.2016.12.097

Marsili, D., Angelini, A., Bruno, C., Corfiati, M., Marinaccio, A., Silvestri, S., Zona, A., Comba, P., 2017. Asbestos
Ban in Italy: A Major Milestone, Not the Final Cut. Int. J. Environ. Res. Public Health 14, 1379. Doi:

10.3390/ijerph14111379

Massari, F., Cotugno, P., Tursi, A., Milella, P., Lisco, S., Scardino, G., Scicchitano, G., Rizzo, A., Valenzano, E.,
Moretti, M., Mastronuzzi, G., Galietta, G., Capasso G., Corbelli, V., 2021. Mapping of Organotin compounds in
sediments of Mar Piccolo (Taranto, Italy) using Gas Chromatography-Mass Spectrometry analysis and
geochemical data. International Workshop on Metrology for the Sea; Learning to Measure Sea Health

Parameters (MetroSea), 2021, 21-26. doi: 10.1109/MetroSea52177.2021.9611609.

21



477

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

Milli, S., Girasoli, D.E., Tentori, D., Tortora, P., 2017. Sedimentology and coastal dynamics of carbonate pocket
beaches: the lonian-Sea Apulia coast between Torre Colimena and Porto Cesareo (Southern Italy). Journal of

Mediterranean Earth Sciences 9, 29-66.

Mirabelli, D., Calisti, R., Barone-Adesi, F., Fornero, E., Merletti, F., Magnani, C., 2008. Excess of mesotheliomas
after exposure to chrysotile in Balangero, Italy. Occup Environ Med. 65, 12, 815-9. Doi:

10.1136/0em.2007.037689.

Moretti, M., Tropeano, M., Van Loon, A.J.T., Acquafredda, P., Baldacconi, R., Festa, V., Lisco, S., Mastronuzzi,
G., Moretti, V., Scotti, R. ,2016. Texture and composition of the Rosa Marina beach sands (Adriatic coast,

southern Italy): A sedimentological/ecological approach. Geologos 22(2), 87-103.

Mossa, M., Armenio, E., Meftah, M.B., Bruno, M.F., De Padova, D., De Serio, F., 2020. Meteo and hydrodynamic
data in the Mar Grande and Mar Piccolo by the LIC Survey, winter and summer 2015. Earth System Science

Data, 1-13. Doi: 10.5194/essd-2020-229.

Nicholls, R. J., Beaven, R.P., Stringfellow, A., Monfort, D., Le Cozannet, G., Wahl, T., Gebert, J., Wadey, M.,
Arns, A., Spencer, K.L.,, Reinhart, D., Heimovaara, T., Santos, V.M., Enriquez, A.R., Cope, S., 2021. Coastal
Landfills and Rising Sea Levels: A Challenge for the 21st Century. Frontiers in Marine Science 8, 710342. Doi:

10.3389/fmars.2021.710342.

Niedoroda, A.W., Reed, C., Das. H., Hatchett, L., Perlet, A.B., 2006. Controls of the behavior of marine debris

flows. Norwegian Journal of Geology 86, 265-274. Trondheim 2006. ISSN 029-196X

Noor, T., Javid, A., Hussain, A., Bukhari, S.M., W., Ali, Muhammad Akmal, M., Hussain, S.M., 2020. Types,
sources and management of urban wastes. In: (P. Verma, P. Singh, R. Singh, A.S. Raghubanshi Eds.) Urban

Ecology, 239-263. Elsevier ISBN: 978-0-12-820730-7.

22



498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

Paglietti, F., Malinconico, S., della Staffa, B.C., Bellagamba, S., De Simone, P., 2016. Classification and
management of asbestos containing waste: European legislation and the Italian experience. Waste Manag 50,

130-150. Doi: j.wasman.2016.02.014.

Pieri, P., 1980. Principali caratteri geologici e geomorfologici delle Murge. Murgia Sotterranea 2, 13-19. (in

Italian)

Pirastu, R., Comba, P., lavarone, Il., Zona, A., Conti, S., Minelli, G., Manno, V., Mincuzzi, A., Minerba, S.,
Forastiere, F., Mataloni, F., Biggeri, A., 2013. Environment and Health in Contaminated sites: The Case of
Taranto, Italy. Journal of Environmental and Public Health 2013, Article ID 753719, 1-20. Doi:

10.1155/2013/753719.

Obminski, A., 2020. Asbestos in building and its destruction. Construction and Building Materials 249, 118685.

https://doi.org/10.1016/j.conbuildmat.2020.118685.

Osmani, M., Villoria- Sdez, P., 2019. Current and Emerging Construction Waste Management Status, Trends
and Approaches. In: (T.M. Letcher and D.A. Vallero Eds.) WASTE, a Handbook for Management, Il edition. 365-

380. Academic Press Elsevier, ISBN 978-0-12-815060-3.

Paglietti, F., Malinconico, S., Conestabile della Staffa, B., Bellagamba, S., De Simone, P., 2016. Classification
and management of asbestos-containing waste: European legislation and the Italian experience, Waste

Management, 50, 130 — 150. https://doi.org/10.1016/j.wasman.2016.02.014.

Pieri, P., 1980. Principali caratteri geologici e gecomorfologici delle Murge. Murgia Sotterranea 2, 13-19.

Ragab, S., El Sikaily, A., El Nemr, A., 2016. Concentrations and sources of pesticides and PCBs in surficial

sediments of the Red Sea coast, Egypt. The Egyptian Journal of Aquatic Research 42, 4, 365-374.

23


https://doi.org/10.1016/j.wasman.2016.02.014
https://www.sciencedirect.com/science/article/pii/S1687428516300607#!
https://www.sciencedirect.com/science/article/pii/S1687428516300607#!
https://www.sciencedirect.com/science/article/pii/S1687428516300607#!
https://www.sciencedirect.com/journal/the-egyptian-journal-of-aquatic-research

518

519

520

521

522

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

538

Ramasamy, V., Senthil, S., Paramasivam, K., Suresh, G., 2022. Potential toxicity of heavy metals in beach and

intertidal sediments: A comparative study. Acta Ecologica Sinica 42, 57-67.

Reinold, S., Herrera, A., Hernandez-Gonzalez, C., Gomez, M., 2020. Plastic pollution on eight beaches of

Tenerife (Canary Islands, Spain): An annual study. Marine Pollution Bulletin 151, 110847.

Ricchetti, G., Ciaranfi, N., Luperto Sinni, E., Mongelli, F., Pieri P., 1988. Geodinamica ed evoluzione

sedimentaria e tettonica dell’Avampaese Apulo. Memorie della Societa Geologica Italiana 41, 57-82.

Rizzo, A., De Giosa, F., Di Leo, A, Lisco, S., Moretti, M., Scardino, G., Scicchitano, G., Mastronuzzi, G., 2022.
Geo-Environmental Characterisation of High Contaminated Coastal Sites: The Analysis of Past Experiences in
Taranto (Southern Italy) as a Key for Defining Operational Guidelines. Land 2022, 11, 878. DOI

10.3390/1and11060878.

Stark, N., Hay, A. E., Cheel, R., Lake, C. B., 2014. The impact of particle shape on the angle of internal friction
and the implications for sediment dynamics at a steep, mixed sand—gravel beach, Earth Surf. Dynam. 2, 469—

480. https://doi.org/10.5194/esurf-2-469-2014, 2014.

Tiscar, P.G., Rubino, F., Paoletti, B., Di Francesco, C.E., Mosca, F., Della Salda, F., Hattab, J., Smoglica, C., Morelli,
S., Fanelli, G., 2022. New insights about Haplosporidium pinnae and the pen shell Pinna nobilis mass mortality

events. Journal of Invertebrate Pathology, 190. Doi: 10.1016/j.jip.2022.107735.

Tolosa, I., Bayona, J.M., Albaiges, J., 1995. Spatial and temporal distribution, fluxes, and budgets of
organochlorinated compounds in Northwest Mediterranean sediments. Environmental Science & Technology

29, 10, 2519-2527.

24


https://www.sciencedirect.com/journal/marine-pollution-bulletin

539

540

541

542

543

544

545

546

547

548

549

550

551

552

553

554

555

556

557

558

Tomasicchio, G.R., D’Alessandro, F., Musci, F., 2010. A multi-layer capping of a coastal area contaminated with

materials dangerous to health, Chemistry and Ecology 26, 155-168. Doi: 10.1080/02757541003689811

Valenzano, E., Scardino, G., Cipriano, G., Fago, P., Capolongo, D., De Giosa, F., Lisco, S., Mele, D., Moretti, M.,
Mastronuzzi, G., 2018. Holocene morpho-sedimentary evolution of the Mar Piccolo Basin (Taranto, Southern

Italy). Geografia Fisica e Dinamica Quaternaria 41, 119-135. Doi: 10.4461/GFDQ.2018.41.8.

Van Loon, A.J., Moretti, M., Tropeano, M., Acquafredda, P., Baldacconi, R., Festa, V., Lisco, S., Mastronuzzi, G.,
Moretti V., Scotti R., 2017. Tracing the Source of the Bio/Siliciclastic Beach Sands at Rosa Marina (Apulian
Coast, SE Italy). In: R. Mazumder, Sediment Provenance, 25-47, Elsevier. Doi: 10.1016/B978-0-12-803386-

9.00003-4.

Virta, R.L., 2006. Worldwide Asbestos Supply and Consumption Trends from 1900 through 2003. United States

Geological Survey. Open-File Report 03-083. http://pubs.usgs.gov/circ/2006/1298/c1298.pdf

Zona, A., lavarone, |., Buzzoni, C., Conti, S., Santoro, M., Fazzo, L., Pasetto, R., Pirastu, R., Bruno, C., Ancona,
C., Bianchi, F., Forastiere, F., Manno, V., Minelli, G., Minerba, A., Minichilli, F., Stoppa, G., Pierini, A., Ricci, P.,
Scondotto, S., Bisceglia, L., Cernigliaro, A., Ranzi, A., Comba, P., 2019. Sentieri — Fifth epidemiological study of
residents in national priority contaminated sites: results. Epidemiologia & Prevenzione 43, 1-208. Doi:

10.19191/EP19.2-3.51.032.

LIST OF FIGURES

Fig. 1. A. The study area (Marechiaro bay) is located in the southern Mar Grande basin (northern lonian Sea).
The Taranto town is limited by an extensive industrial center (North direction) which is directly connected with

the Mar Grande and the Mar Piccolo marine basins (Google Earth 2022). B. Marechiaro beach is a traditional
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destination for the citizens of Taranto during summer season (photo taken on June 2020); C. The study area

includes many environments with a significant naturalistic value (Google Earth 2022).

Fig. 2. Location of the stratigraphic sections described and/or sampled along the cliff (1, 2 and 3) and unit areas
for ACM fragments counting in the backshore sector (4, 5, 6, 7 and 8). Samples of ACM for x-ray and SEM
analysis were collected on the cliff (1), at the base of the cliff (2) and in the backshore area (4, 6 and 8). Google

Earth 2020.

Fig. 3. The western portion of Marechiaro bay. A. The cliff has a sub-vertical shape and the thickness reaches
3 m. The cliff deposits are stratified. B. The cliff is subject to slope instabilities. A recent landslide (RS) on the

older debris deposits shows a flat and smooth upper surface induced by the action of storm waves (0S).

Fig. 4. The cliff dumping deposits. A. A metric, massive dumping deposit (for the location, see point 3, Fig. 2).
The graphic scale is 10 cm in length. B. Alternation of dumping deposits (for the location, see point 2, Fig. 2)
with a different content of sandy matrix. The stratification is irregular and the sedimentary bodies have a
lenticular geometry with a scarce lateral continuity. The location of C and D figures is shown in light yellow.
The graphic scale is 10 cm in length. C and D. Details of the upper portion of dumping deposits. A qualitative
fragments classification with different origin is shown. In light green, the ACM fragments. Legend: A: asphalt;
B: bitumen; C: cement and mortar; P: plastics; PW: plywood; T: tile (ceramics). Note that the type of man-

made materials changes laterally in a few tens of centimeters.

Fig. 5. The stratigraphy of the cliff in the eastern sector of Marechiaro bay. Four main dumping units were
recognized. They show a clear prograding geometry with superposed and inclined sedimentary bodies
migrating towards the sea. Note the presence of thick debris deposits at the base of the cliff. On the right, the

drink cans used for dating analysis. All dumping operations were carried out during the nineties.
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Fig. 6. A. Unit 3 contains large scale fragments of ACM. They are broken portions of roof corrugated tiles. Unit
2 and 4 seem to have no detectable fragments of ACM. B and C. Some details of the deposit at the base of the
cliff. Abundant fragments of ACM with different dimension. Many AC tiles are in a vertical position. The graphic

scale is 10 cm in height.

Fig. 7. A. Marechiaro beach is characterized by a narrow-emerged beach, small dunes and a localized lagoon.
Remains of Posidonia oceanica occur in the shoreface and foreshore areas. A large seagrass area characterizes
the sea bottom of the offshore transition sector; B. Low-elevation dunes, a narrow backshore area and a thick

banquette in the foreshore sector typify the eastern part of this coastal area.

Fig. 8. The ACM fragments in the beach sector of Marechiaro bay. A. The backshore sediments are sand and
gravel made up of natural and man-made particles. Posidonia oceanica remains and shells of bivalve and
gastropods are the main natural materials. Clasts of reddish bricks, whitish ceramic tiles and grey cement are
also widespread. The ACM clasts are highlighted by the yellow arrows. B. The unit areas (see location in Fig. 2)
used for the counting of ACM clasts is 4 m2. The yellow arrow indicates the graphic scale. C and D. Examples
of ACM clasts (indicated by the yellow arrow). Only clasts with diameter > 2 cm have been considered. The
graphic scale is 10 cm height. E. The W-E lateral variation of number of clasts (N) along the beach (d - distance

from the first point located in the western sector of the beach, Fig. 2, points 4, 5, 6, 7 and 8).

Fig. 9 Morphometric analysis. The graphs show the variation of the aspect ratio, circularity and roundness

along the 5 sampling unit areas and the roundness calculated with the Krumbein (1941) comparative tables.

Fig. 10. Mineralogical analyses on ACM fragments collected in different points of Marechiaro bay. A: XRPD on
sample 6 (see point 6 in fig. 2): two asbestos minerals have been detected (Chrysotile and Crocidolite). B:
Sample 6. SEM-BSE (back-scattered electrons) show the association between Chrysotile (white arrow) and

Crocidolite (blue asbestos). C: Sample 4. SEM-BSE (back-scattered electrons) show the association between
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Chrysotile (white arrow) and Amosite (green arrows). In both cases, the SEM-BSE images show a cement matrix

with scarce cohesion.

Fig. 11. Remote sensing analysis. A. Aerial photograph of the study area (IGM 1978); B. Satellite image of the
study area (Google Earth 2022). C. A qualitative comparison of A and B. Major changes affect the cliff sectors,
beach shoreline, and man-made structures. Evidence for post 1978 coastal dumping operations is shown by
the presence of an anomalous advancing cliff (indicated by the black arrow) at more recent time (2022).
Shoreline has also prograded and the small and localized beaches from 1978 have turned into a present-day

well-developed sandy beach system.

Fig. 12. Remote sensing on satellite images of the Marechiaro bay (Google Earth 2002-2020). Landscape and

sedimentary environments in the eastern side of the bay record very fast changes.

Fig. 13. Sketch of the origin for the occurrence of progradational geometries in the dumping units. This process
reproduces the natural shifting of the shoreline in prograding beaches and delta sedimentary systems. Note
the occurrence of irregular erosional surfaces (red line) between different sedimentary units as result of the

dumping process.

Fig. 14. The physical state of ACM cropping out on the cliff (A) and at the base of the slope debris. The

macrophotos clearly show friable ACMs.
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