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Abstract

Purpose The RETURN (multi-Risk sciEnce for resilienT commUnities undeR a changiNg climate) Project
aims to improve understanding of environmental, natural and anthropogenic risks. RETURN includes the
creation of a new monitoring protocol for traditional and emerging contaminants (metals, asbestos fibers,
organic microcontaminants, drugs, pesticides) and ecotoxicological effect in sea environment. We present the
joint methodologies created by the collaboration of different project partners and the preliminary results
obtained in the Port of Genoa (NW lItaly).

Methods Dynamics and physical parameters of the water column were measured with ADCP and
multiparametric probe. Emerging contaminants and metals were analyzed by direct measurements in seawater
and using passive samplers by chromatographic techniques coupled with MS and ICP-MS. Sediments were
chemically characterized by ICP-MS after microwave-assisted acid dissolution, by FESEM with EDX
Spectroscopy and XR powder diffraction for qualitative and quantitative phase characterization. Ecotoxicology
of water and sediments was determined by tests on Dunaliella tertiolecta and Artemia salina.

Results The first application of the monitoring protocol revealed some differences between the two port sites,
including different dynamics (lower dynamic in Site 1 than in Site 2), metal concentrations in both seawater
and sediments (e.g Cu in Site 1 > Site 2), and in ecotoxicological response.

Conclusions The proposed protocol proved to be valid for the characterization of the port basin and the further
sampling and measurement campaigns in the framework of the project will allow us to refine the chosen
methodology and better understand the results obtained.

Keywords: Italian NRRP RETURN project, ashestos fibers, passive samplers, ecotoxicology, dynamics, Port
of Genoa.

1. Introduction

Ports are very complex areas which can have high impact on the community, economy and environment of a
country or a region [1]. From the environmental point of view, impacts on the terrestrial, aerial, and marine
environments inside ports are mixed with those deriving from the cities bordering the port basins and those
inland, where many different activities can take place (from agricultural to industrial) and can produce multiple
types of contaminants [2]. Regarding the marine environment, the water masses within the port basins receive
various types of discharges (civil and industrial, such as wastewater, ship paint, stormwater runoff, nitrogen,
oil spills, etc.) and also collect solid materials, from plastics dispersed in the environment to vegetables residues
carried into the sea by streams and rivers [3,4]. With regard to discharges (sewer overflows, storm water
drainage, farms and city runoff, boats and vessels discharges or accidental spills, and also atmospheric
deposition of aerosols), they bring to the port water masses countless different types of contaminants: from
those studied for decades such as metals and hydrocarbons [5-9], to the more recent (so-called emerging
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contaminants) drugs, pesticides, etc., [10-14] and other such as bacteria and fecal pathogens [15]. Water masses
and marine sediments also receive and accumulate materials and elements resulting from both the runoff and
erosion of rocks that geologically characterize the geographic area in which the port is located (sedimentary
material of different sizes composed of different minerals such as quartz, feldspar, calcite, amphibole, etc.)
[16,17], as well as products resulting from erosion and treatment of man-made materials, such as asbestos
fibers [18,19].

The complex of contaminants that are input into port basins can lead to consequences on organisms living both
in the water column and on the sea bottom, the site of ultimate deposition and stocking of chemicals [20,21].
Therefore, ports can represent a sink of ecotoxic substances and sediments can favor their dissolution and
transfer into the water column, due to the sediment resuspension by the action of propellers or during activities
such as dredging, which is often carried out in port basins to maintain navigability depth for vessels [22]. Some
potentially toxic elements (PTES) (e.g. metals or metalloids) can be toxic even at low concentrations due to
bioconcentration and biomagnification in the food chain, and affect marine biodiversity not only in ports, but
also in neighboring areas. Therefore, implementing effective monitoring plans and maintaining good quality
standards of port waters is not only important for a good environmental status in the modern green port concept
[23], but is also necessary for the survival of biodiversity and the protection of marine ecosystems [24].

These aspects are even more critical considering climate change with sea temperatures gradually rising [25],
frequency of extreme sea storms rising, and changes in the frequency and intensity of rainfall (less frequent in
the course of the year, but with more rain concentrated in a few hours - flashflood or extreme rainfall events)
[26,27]. The identification of new methodologies or new combined protocols for sampling and analyzing
multiple contaminants becomes necessary to identify and quantify the impacts produced by new contaminants
and to understand the mechanisms at work in the marine system in relation to climate change.

With the aim of addressing these issues, the RETURN (multi-Risk sciEnce for resilienT commUnities undeR
a changiNg climate) Project was born (https://www.fondazionereturn.it/en/). By enhancing basic knowledge,
targeting the application and exploitation of technology, the RETURN Project contributes to strengthening key
competences, technology and knowledge transfer, as well as Italian governance in disaster risk management,
with the involvement of public administrations, stakeholders and private companies. This study is part of the
RETURN Project and is concerned with creating a new protocol for measuring physical-chemical parameters
of water masses and sampling multiple contaminants simultaneously, examining both traditional contaminants,
such as metals and hydrocarbons, and emerging contaminants, such as pesticides, organic micro-contaminants,
drugs and asbestos fibers. Here we present the monitoring strategy and the first application to the pilot site of
the Port of Genoa (NW ltaly).

2. Materials and method
2.1. Study area

The Port of Genoa (Liguria — NW lItaly; Fig. 1) has characteristics of a complex basin in which commercial,
industrial, and recreational functions coexist; in fact, the Port of Genoa is equipped to accommodate all types
of ships for all types of goods (containers, miscellaneous goods, perishable products, metals, forestry, solid
and liquid bulk, petroleum products) and also hosts a ferry terminal and a cruise terminal, as well as several
marinas of different extensions.

The Port of Genoa is geographically located on the northern side of one of the most active areas of cyclogenesis
in Europe (Ligurian Sea), in which climate changes have highlighted new trends and new phenomena that can
negatively impact the port basin and the surrounding environment. Examples of this are the floods that occurred
in recent years [28,29] and the destructive sea storms of 2018 [30] and 2023 which also damaged the current
breakwater of the port.

The port basin collects the waters of two important streams (Bisagno and Polcevera) and numerous minor
streams which develop on lithotypes peculiar for their chemistry from ophiolite geologic units (basalts, gabbros
and serpentinites) and from sedimentary rocks (mostly lime schists and shales) [31], making port waters and
sediments a scientifically interesting and continuously evolving area.

The Port of Genoa was chosen as the pilot site because, starting from May 2023, it is involved in several major
activities of construction of maritime and land infrastructures and materials reuse or storage (Fig. 1). The first
project is the construction of new breakwater of the port (Fig. 1 in red) which will rest on seabed up to 50 m
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deep and will allow the entrance of latest generation ships inside the port (the breakwater construction is
controlled by the Environmental Monitoring Plan drawn up by the DISTAV of the University of Genoa and
based on the Descriptors of the Marine Strategy Framework Directive); the project involves dredging sediment
from the port and destroying part of the existing breakwater with the reuse of the dredged sediment and material
from the old breakwater to fill caissons of the new breakwater. The second project is the construction of the
highway bypass “Gronda” that will avoid transit across the city of Genoa; in this case, the project includes the
dumping of drilling mud and sediment from green rocks directly into a purpose-built fill within the Port of
Genoa via a slurry pipeline (Fig. 1 in purple), which could therefore discharge a significant amount of
chrysotile (more generally, asbestos fibers) into the marine port environment. The third project is the
construction of the sub-port tunnel which will connect the east to the west of the city, bypassing the center; the
project involves filling some of the port quays (Fig. 1 in green) with excavated material to create new docks
for cargo and container handling.
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Fig. 1 Genoa port basin, main characteristics (anthropic activities in black and natural features in blue) and
localization of the monitoring sites (black rhombus — Site 1 and Site 2 - are the fixed stations, and black points
are the sediment sampling points for asbestos fibers). The layout of the new breakwater of the port is shown
in red; the fill area for the material of the Gronda project is shown in purple; and the fill area for the material
of the sub-port tunnel is in green

2.2 Sampling and measurement protocol

Physical-chemical parameters of the water column and dynamics were measured by fixed and mobile
instruments. Fixed monitoring stations (Site 1 and Site 2) are deployed on the internal part of the port
breakwater at 7 m-depth and continuously measure. Fixed stations are equipped with a multiparametric probe
(CTD, Idromarambiente) with temperature, turbidity and dissolved oxygen sensors, and a horizontal acoustic
Doppler current profiler (H-ADCP WorkHorse 300 kHz, RD Instruments) for current velocity and direction
measurement. A portable CTD (Idromarambiente) and vertical current meter (V-ADCP WorkHorse 300 kHz,
RD Instruments) were used by monitoring vessel for measurements of temperature, salinity, turbidity,
dissolved oxygen and chlorophyll-a and dynamics in the water column (from the sea surface to the bottom)
near the fixed station.

Bottom sediments were sampled with a steel VVan Veen grab and surface water was sampled with a 5-L Niskin
bottle.

Seawater samples were filtered by 0.45 um membrane filters (Millex-HA, Merck) and acidified with 1 %
HNOs during the sampling and then, analyzed in laboratory by ICP-MS (Agilent 7800).

DGTs (Diffusive Gradients in Thin-films) for the measurements of metals (Cd, Cr, Cu, Fe, Ni, Pb and Zn), As
and Hg were deployed for 7 days (from 15 to 22 December). Immediately after the retrieval from seawater,
the devices were rinsed with Milli-Q water; successively, in laboratory, the metals were eluted from the binding
gel in 1 ml of 2M HNOa. The elution extracts were diluted with Milli-Q water and trace metal analysis was
carried out by using ICP-MS (Agilent 7800). A blank resin was always considered. DGT performance was
evaluated according to the method used by Zhang and Davison [32]. The concentrations of metals measured
by DGT, in two replicates, were calculated using equations and parameters provided by [33]. Analysis of total
mercury concentrations in DGT units was performed using AMA 254 mercury analyzer: the chelating resin
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was removed from the device and directly analyzed without further preparations. A blank resin was analyzed
in the same conditions and its mercury content was always subtracted to the mercury concentrations measured
for the samples.

Sediments aliquots used for metal analyses (except Hg) were oven-dried (40°C) and then, sieved to 2 mm and
finely ground. The determinations of trace metal content (except Hg) in sediments were obtained by a
microwave-assisted acid digestion procedure, using an acid mixture of HNOs, HF and H,O,, followed by the
chemical analyses performed by an ICP-MS instrument (Agilent 7800). Sample sediments for Hg analyses
were air-dried in a fume hood and Hg determination in sediments was carried out by the automated Hg analyzer
FKV AMA-254.

Organic contaminants are sampled by two different passive samplers, Semi-Permeable Membrane Device
(SPMD) and Polar Organic Chemical Integrative Sampler (POCIS) for lipophilic and hydrophilic compounds,
respectively; they are deployed for 21 days. Passive sampling (PS) is based on mass transfer due to the different
chemical potentials of analytes between water and the collection medium inside the sampler [34]. The synergy
between active and passive sampling systems will allow the detection of contaminant at levels below the ng/L.
For this purpose, alongside the PS, sediment and water sampling has been conducted at the beginning and at
the end of the PS deployment.

Organic chemicals are analyzed through high sensitivity instrumentations, mainly based on the coupling of
chromatography to mass spectrometry, in particular: GC-MS (Agilent 7890A-5975C), LC-MS/MS (Agilent
1200-6430 LC-QQQ) and UPLC-MS/MS (Xevo G2-XS-QTOF, Waters).

Regarding SPMD, the membranes are extracted twice for 24 h with 300 mL n-hexane containing internal
standards. The two extracts are dried passing through anhydrous sodium sulfate. The n-hexane is reduced in
volume using a vacuum rotary evaporator. The 1 mL sample is eluted in a 3 g silica column with firstly 10 mL
of n-hexane and then 20 mL of n-hexane:dichloromethane (1:1). The two different eluted are analyzed for
polycyclic aromatic hydrocarbons (PAHSs), polychlorinated biphenyls (PCBs), and organochlorine pesticides
(OCPs).

POCIS are well suited for semi-polar compounds, belonging to different classes of emerging contaminants
(pharmaceuticals, estrogens, UV-filters, PFAS, stimulants, artificial sweeteners, etc.). In this case, the sampler
is opened and the sorbent is transferred into a glass cartridge which is eluted using 20 mL of MeOH and 5 mL
of DCM:IPA (80:20 v/v). The obtained eluate is then reduced to dryness on a rotary evaporator (Rotavapor®
R-100, BUCHI, Switzerland), reconstituted in 1 mL of methanol and filtered through a 0.2 um hydrophilic
PTFE filter [35]. Appropriate dilutions are performed before LC-MS/MS analysis, in order to detect and
possibly quantify the highest possible number of emerging contaminants.

Sediments are extracted using an Accelerated Solvent Extractor (ASE 200) with acetone:n-hexane (1:1).
Internal standards are added to the sample before the extraction. The extract is transferred with 20 mL of water
in a separator funnel and shaken to remove the acetone; successively the extract is dehydrated on anhydrous
sodium sulphate and then it undergoes to the same method of PS, so after volume reduction, it is fractionated
through the silica column. Seawater samples are transferred into the separator funnel, shaken, volume reduced
and fractionated, as already explained above.

The ecotoxicological assays were performed on seawater samples and sediment elutriate. For the preparation
of sediment elutriate, synthetic seawater [36] was added to the sediment in the ratio 4:1 (volume/dry weight)
and placed in a shaker for 1 h at room temperature [36]. Then, the mixture was centrifuged at 3,000 rpm
(1,000xg) for 20 min and filtered (@ 0.45 pum). Pore water was prepared by centrifugation of sediments at
13,000 rpm (2.2x 104 g) for 45 min at room temperature in an Eppendorf centrifuge (5810 R; r=11.5) using
polycarbonate bottles. For aqueous samples, a bioassay battery, consisting of four different species
representing different trophic levels, algae Dunaliella tertiolecta, crustacean Artemia salina, was chosen.

D. tertiolecta test - The chronic test was carried out according to ISO 10253:2016. Bioassays were performed
using dilutions of elutriate and seawater sample. Artificial seawater [36] was used for the dilution of samples.
The samples were placed in sterilized glass flasks, in triplicate. An algal suspension at a concentration of 1x10°
cells/mL was prepared. Then, an aliquot of algal suspension was added to each replicate to reach the final
concentration of 1x10* cells/mL. Culture medium has been utilized as negative control (six replicates). The
test flasks were placed in a thermostatic chamber at 20 °C with a light source in the 7,000— 8,000-lux range
for 72 h. The cell density of each sample was measured after 72 h by the Burker chamber. EC50 was calculated
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for each sample, and the maximum growth inhibition percentage was estimated in the case EC50 was not
computable.

Artemia salina test - A. salina cysts were hatched by using the procedure described in [37]. The encysted
organisms were first hydrated in a volume of artificial seawater (Instant Ocean 3 % m/v) for 1 h at 25 °C at
3,000-4,000 Ix. Then, the cysts were incubated for 24 h in the dark at the same temperature. Acute toxicity
test (96 h) was conducted according to [37]. Ten nauplii were transferred in a beaker with 40 mL of sample.
Each sample was tested in triplicate. The negative control consisted of six replicates of artificial seawater. The
treatments were incubated at 25 °C with a light regime of 14:10 h light/dark. No food was provided during the
exposure. Every 24 h, the number of the live individuals was recorded. The effect percentage for each sample
was calculated with respect to the control.

The sediment sampling addressed at investigation for fibrous minerals was carried out at the two fixed stations
together with the other samplings, but also at other points distributed inside and outside the harbor in order to
characterize the sediments and obtain information on the entire basin. A total of 18 samples were taken between
10 November 2023 and 19 March 2024. The sediments were prepared for the quantitative analysis of asbestos
to discriminate the natural vs. anthropic contribution to the harbor environment.

The preparation of samples followed the prescription of MD 120/2017. The analytical determinations are
carried out on the powder with a grain size spectrum of <0.100 mm obtained by milling of a representative
subsample with a grain size of <20 mm. The preparation is detailed and discussed in [38].

The mineral characterization on fine-grained sediments was based on reflected optical microscopy (OM),
SEM/EDS, to identify the fibrous and EPM minerals and distinguish the phase morphology, composition and
microtextures. The microscopic mineral identification was carried out on gold-coated dusts dispersed on
membranes was conducted at 2500x magnification, 20 kV of acceleration voltage, by SEM-EDS methodology
using a Vega 3 XML TESCAN (Brno, Czech Republic) equipped with an energy-dispersive X-ray
spectroscopy AZtec 2.4 by Oxford Instruments, installed at the Department of Earth, Environment and Life
Sciences, University of Genoa. The elemental analysis of minerals was acquired with a counting time of 30
seconds. The phase identification by XR Powder Diffraction was carried out by the Rigaku Miniflex
diffractometer equipped with a HPAD (HyPix-400 MF 2D) hybrid pixel array detector and a 600W X-ray
source at the DCCI, University of Genova.

2.3 First application

The first application of the presented monitoring plan was carried out for the first time between 15 December
2023 and 8 January 2024 inside the Port of Genoa (Fig. 1). Fixed stations were chosen at the two entrances to
the port (the western entrance - site 1, and the eastern entrance - site 2) for their peculiarities. Site 1 is at the
western entrance to the port and is characterized by the presence of the mouth of the Polcevera Stream and a
steel mill to the north, and the Airport channel to the west. The western entrance is not used for the transit of
ships or vessels, but only for service boats and tugs. The area receives the sewage discharge of the western
part of the city of Genoa and is subject to strong dynamics due to the proximity of the port entrance and the
open sea. Site 2 is located at the eastern entrance to the port that is the only entrance to the port used for the
access of commercial ships, cruise ships, and pleasure boats. In front of the site, there are marinas, shipyards,
dry docks for vessels. The entrance channel is characterized by high dynamics and is affected by the influence
of the Bisagno Stream which flows through the city and receives water from minor urban streams and city
discharges. After heavy rainfall, the turbidity plume of Bisagno enters the port at the eastern entrance,
especially in SE wind and sea conditions.

Fig. 2 shows the positioning of all instruments used at the fixed stations.



FIXED
STATION

PIER

Fig. 2 Diagram summarizing all the instruments used in monitoring and their respective locations. The drawing
is not to scale

4. Preliminary results and discussion
Some preliminary results of the first sampling are reported below.

Meteorologically speaking, the sampling period, after the first few days of good weather, was characterized
by cloudy skies with even heavy rainfall, winds mostly from the southern quadrants, and shallow to rough seas
(especially between December 18 and 25 and in early January), which are associated with increased current
velocities (maximum values 0.8 m s? at Site 2). During the period (Fig. 3), water temperature fluctuated
between 14.2°C and 16.3°C, turbidity showed some increases due to solid inputs from the streams (maximum
11.5 FTU at Site 2), dissolved oxygen showed values between 54 and 83%, and the direction of the currents
was mostly outgoing from the port at both Site 1 and Site 2, making the two sites more affected by water
coming from the inner part of the port.
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Eastern entrance to the port - Sea currents
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Fig. 3 Water temperature (in °C, red), turbidity (in FTU, black), dissolved oxygen (in %, purple), and direction
(in °N, red) and velocity (in m s, black) of currents measured by fixed stations at Site 1 (western entrance, on
the left) and Site 2 (eastern entrance, on the right) during the period from December 15, 2023 to January 8,
2024. Between 25 and 28 December, there was a malfunction of the fixed station of Site 2 and thus loss of data

Analyses of metals showed higher contamination at Site 1 than at Site 2, in both seawater and bottom sediment.
In water samples, concentrations were similar between the two sites and between the two sampling dates, with
only Fe being higher at Site 1 with 1.19 pg/L, but metals accumulated by DGT were higher in Site 1 with 1.33
pg/L of Cu compared to 0.01 pg/L in Site 2, 4.58 of Zn compared to 0.28 ug/L in Site 2, 0.63 pg/L of Pb
compared to 0.05 pg/L of Site2, and 29 ng/L of Hg compared to 0.30 ng/L. In the sediments of Site 1, V, Cr,
Co, Ni, Cu and Zn show values even twice as high as those of Site 2. The different concentrations between the
two sites could be due to the different activities that affect the two port areas; in fact, some metals are typical
of the steelworks such as Cr, Cu, Ni, and V [39]. Moreover, differences could also be to the different
contributions of the two main streams that cross valleys with different vocations: the Polcevera Valley with an
industrial vocation and that of the Bisagno with a more residential vocation.

Table 1 Seawater metal concentrations (values in pg/L) in the two sites (Site 1 and Site 2) and on the two
sampling dates (15 and 22 of December 2023)

Site and Vv Cr Mn Fe Co Ni Cu Zn As Mo Cd Pb U
date (Mo/L) | (Mo/L) | (Mo/L) | (Mo/L) | (Mo/L) | (Mg/L) | (Mg/L) | (ug/L) | (Mg/L) | (Mg/L) | (Mo/L) | (Mg/L) | (Mg/L)
Site 1
15/12/2023 1.87 <1.0 1.58 1.19 0.034 | 0.484 | 0.688 | 14.7 1.49 11.9 <0.050 | 0.530 | 4.03
Site 1
22/12/2023 1.77 <1.0 1.75 1.19 0.041 | 0.483 | 0.681 | 4.58 1.50 12.1 <0.050 | 0.600 | 4.08
Site 2
15/12/2023 1.77 <1.0 1.59 0.172 | 0.046 | 0.378 | 0.345 | 8.90 1.51 11.9 <0.050 | 0.893 | 3.99
Site 2
22/12/2023 1.81 <1.0 1.48 <1.0 0.039 | 0.300 | 0.580 | 3.48 1.52 11.8 <0.050 | 0.628 | 4.04
Table 2 DGT-labile metal concentrations in the seawater of the two sites
Sit Cr Fe Ni Cu Zn As Cd Pb Hg
ite
(Mg/L) | (M/L) | (MO/L) | (Mg/L) | (MO/L) | (Mg/L) | (MO/L) | (Mg/L) | (ng/L)
Site1 | 0.09 0.39 | 080 |1.33 458 |0.02 |0.01 |063 |29
Site 2 | 0.09 0.47 |0.10 |o0.01 0.28 |0.01 |0.01 |0.05 |0.30
Table 3 Total metal concentrations in the sediments sampled in the two sampling sites
it Be \% Cr Mn Fe | Co Ni Cu Zn As Cd Pb Hg
Ite
(markg) | (mgrkg) | (markg) | (mgrkg) | (%) | (mgrkg) | (mglkg) | (mgkg) | (mg/kg) | (mg/kg) | (mg/kg) | (mglkg) | (Mo/ke)
f"e 1.79 102 162 845 35 15.9 109 86.6 192 11.1 0.253 73.7 0.704
gite 1.20 60.2 80.9 905 20 | 9.30 48.6 37.3 105 9.14 0.216 59.1 0.357




Analyzing the results reported in Fig. 3, it is noteworthy that seawater samples consistently exhibited the
highest toxicity for algae, whereas the effect on crustaceans was not relevant. Only at one sampling point (Site
1) was an effect percentage of 30% recorded, indicating moderate contamination. Concerning sediment
elutriates, very low toxicity was observed for both algae and crustaceans. The results indicate a notable
disparity in toxicity levels between seawater and sediment elutriates, as well as differential impacts on algae
and crustaceans. Seawater samples consistently demonstrated high toxicity levels for algae, suggesting a
potentially harmful environment for these organisms. This could be indicative of pollutants or contaminants
present in the seawater that adversely affect algal growth and health. The high toxicity levels in seawater
samples may raise concerns about the overall health of marine ecosystems in the sampled area, as algae play
a crucial role in marine food webs and ecosystem functioning. On the other hand, the effect of seawater samples
on crustaceans was not found to be relevant. This could suggest either a lower sensitivity of crustaceans to the
detected pollutants or a different mechanism of toxicity compared to algae. Further investigation into the
specific contaminants present in seawater and their effects on different marine organisms could provide
valuable insights into this disparity.

In contrast to seawater samples, sediment elutriates exhibited very low toxicity levels for both algae and
crustaceans. This suggests that the sediments may act as a sink for contaminants, reducing their bioavailability
and mitigating their potential impact on marine organisms. However, continued monitoring of sediment quality
is essential to ensure that contamination levels remain low and do not pose a threat to benthic organisms or the
wider marine ecosystem.

Seawater
D. tertiolecta A. salina
100 125
S -
S 75
E 50 R
CS | ‘ o 2 I |
0 mo £ = o mE o= [ |
100% 75% 100% 75% 100% 75% 25 = =
15 dec 22 dec 8 jan 15 dec 22 dec 8 jan
u Site 1 u Site 2 m Site 1 1 Site 2
Sediment elutriates
D. tertiolecta A. salina
100 100
. 80 -
o 50
L e 2
W 40 . ==
& 20 & ¢
0 I— || 50
Site 1 Site 2 Site 1 Site 2
m75% m75% u50%

Fig. 3 Ecotoxicological results for seawater and sediment elutriates on D. tertiolecta and A. salina

The sampling addressed at investigation for fibrous minerals was increased since the first sampling in
November 2023 (5 samples) to 9 samples at the end of March 2024. The overall composition (Table 4) includes
carbonates (calcite and dolomite), metallic minerals (Fe- and Ti oxides), and silicates (antigorite, chlorite,
mica, plagioclase, pumpellyite, quartz and tremolite with the habit of cleavage fragments). In the sample sets
through the month of November 2023, a first occurrence at site P21 (top western entrance of the harbor) shows
asbestos concentrations as high as 260 + 130 mg/kg. The early winter sampling represents the contribution to
the inner harbor deposits from urban streams and did not provide evidence for asbestos occurrence.

The sampling at the end of March 2024 yielded 430 + 215 mg/kg from the sampling site S2 (Sampierdarena
channel) between the wharfs and with possible contribution from the Polcevera Stream that runs across alpine
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ophiolites. An unexpected concentration as high as 300 £ 150 mg/kg occurred at site GE_7 (eastern entrance
of the harbor, that intercepts the sediments of the Bisagno Stream).

The preliminary data of sediment compositions suggest that the solid stream contribution is representative of
the crossed lithologies. A direct correlation arises e.g for most of the phases in samples S1 to S5, where the
presence of calcite and micas has a correspondence with the marly-limestone formations drained. The
occurrence of silicate and metallic minerals is only in part connected with the direct drainage from overlying
formations: antigorite + chlorite and Fe — oxide are phases derived from the Mt. Beigua ophiolitic formation,
as well as the quite low concentrations of chrysotile and tremolite cleavage fragments. Chlorite + pumpellyite
+ plagioclase are possibly derived from the low grade metabasalts outcropping inland of Sestri Ponente. The
dolomite evidenced through all sampling could have either an origin in the Triassic dolostone north of Sestri
Ponente, or in dispersion from bulk goods or from submarine weathering of walls.

Finally, Ti-oxide is a ubiquitous occurrence, particularly in the sampling of end March 2024. The spread of
this phase should be considered in the follow up of measurements, as TiO2 has commonly a needle like aspect
ratio, possible health implications and is a natural occurrence in most of the geological formations excavated
by the “Terzo Valico” Railway is common [40]. However also an anthropic input cannot be excluded.



Table 4 Mineral composition by SEM-EDS, sampling sites with reference to Fig. 1, and asbestos concentration for the Port of Genoa case study. Minerals are
listed in order of decreasing abundance. In samples where asbestos fibers were below the detection limit (<100 mg/kg) we indicated “not found”

Sampling site P1 P6 P15 P18 P21
Month Asbestos not found not found not found not found  |260 + 130 mg/kg
: quartz, guartz, calcite, chlorite,
qu;rltjzs,cgrzllic:élte, chlorite, quartz, dolomite, chlorite, antigorite, quartz,
dolomite ’ dolomite, chlorite, muscovite, calcite,
November anti orite, muscovite, muscovite, plagioclase, muscovite,
2023 trer%olite’ plagioclase, antigorite, antigorite, dolomite,
(cleavage Fe-oxides, tremolite tremolite tremolite
fragmen%s) antigorite (cleavage (cleavage (cleavage
fragments) fragments) fragments)
Sampling site Site 1 Site 2 Site 3 Site 4
Month Asbestos not found not found not found not found
quartz, calcite, .
. . quartz, calcite,
quartz, calcite, dolomite, chlorite
quartz, calcite, dolomite, chlorite, muscovit’e
chlorite, chlorite, muscovite, la ioclasé
muscovite, muscovite, plagioclase, pan%i orite’
January 24 antigorite, antigorite, antigorite, trer?wlite’
plagioclase, plagioclase, tremolite
o . (cleavage
Ti-oxide, epidote, (cleavage
. . L fragments),
Fe-oxides, pyrite Ti-oxide, fragments), =
. . o Ti-oxide,
Fe-oxides, pyrite Ti-oxide, .
. Fe-oxides
Fe-oxides
Sampling site Sl S2 S3 sS4 S5 5 GE_S GE 7 15
Month Asbestos not found 430 £ 215 not found not found not found not found not found 300 £ 150 not found
mg/kg mg/kg
calcite, quartz, | calcite, quartz, calcite, quartz, chlorite
chlorite, mica, pumpellyite, chlorite, antigorite, calcite '
quartz, calcite, U plagioclase, dolomite, quartz, mica, mica, plagioclase, uartz.
March antigorite, mica, quartz, Ti- mical uartz ' chlorite, antigorite, mica, | antigorite, plagioclase, dolomite, T?-oxid’e
2024 Ti-oxide, oxide, calcite, anti' ?)rite ' antigorite, plagioclase, calcite, dolomite, chlorite, tidorit ’
tremolite chlorite ca?cite ' Fe-oxides, Ti-oxide, chlorite, calcite, quartz,|  Ti-oxide, %[rr]elr%(())::tgl
(cleavage tremolite tremolite dolomite chlorite tremolite (cleavage
fragments) (cleavage (cleavage (cleavage fra men%s)
fragments) fragments) fragments) 9
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6. Conclusions

The proposed measurement and sampling protocol proved suitable for highlighting the differences that are
present within the Port of Genoa even after just one application. Further campaigns are planned as part of the
RETURN project and will allow the instrument positioning system to be refined to make it more efficient and
to obtain additional information on the marine port environment so as to be able to explain in detail the
differences found. As for sediment composition, most of the samples directly correlate with the geology of
formations drained by streams of first and second order. However, the mineral diversity increases through
sampling, and can be correlated with a seasonal meteorological trend characterized by several heavy rain and
flood episodes during late winter that possibly dispersed the minerals originated in the western part of the
harbor, towards its eastern part, this accounting for the asbestos content of 300 + 150 mg/kg found downstream
of the marly — limestone Antola formation. The results of the analyzes on organic pollutants ae in progress and
they will allow us to obtain further information which give information on the contamination origin and
confirm whether or not what was found for metals in the water and sediments.

Acknowledgments

The Authors would like to thank the Port System Authority of the Port of Genoa for having granted the
use of the port areas as pilot site where our activities are carried out. The authors thank Elisa Sanguineti,
Adrian Yus Gonzalez and Samanta Annis (SEM Laboratory and Asbestos laboratory at DISTAV UniGE)
for the mineral characterization and asbestos quantification under SEM-EDS.

Funding: The present study was funded by the Italian NRRP (National Recovery and Resilience Plan)
RETURN project (CUP D33C22001290002) in the framework of the Research Agreement between PSA and
DISTAV for the study and monitoring of the construction activity impact of the new breakwater of the Port on
the marine-maritime environment of the Genoese coast (CUP DISTAV D33C2200098 - CUP PSA
C39B1800060006).

References

1. Ogara, D.A.E., Morishita, J., Davies, P.J., Mbui, M., Gamoyo, M., Njoroge, N., Chann, 1.0., Igesa,
B.S., Ochieng, S.0.: An indicator-based approach to assess sustainability of port-cities and marine
management in the Global South. Front. Mar. Sci. 10, 1052128 (2023). doi:
10.3389/fmars.2023.1052128

2. Agarwala, N., Saengsupavanich, C.: Oceanic Environmental Impact in Seaports. Oceans 4, 360-380
(2023). https://doi.org/10.3390/0ceans4040025

3. Mehlhorn, P., Viehberg, F., Kirsten, K., Newman, B., Frenzel, P., Gildeeva, O., Green, A., Hahn, A.,
Haberzettl T.: Spatial distribution and consequences of contaminants in harbour sediments — A case
study from Richards Bay Harbour, South Africa. Mar. Pollut. Bull. 172, 112764 (2021).

4. Muniz, P., Danulat, E., Yannicelli, B., Garcia-Alonso, J., Median, G., Bicego, M.C.: Assessment of
contamination by heavy metals and petroleum hydrocarbons in sediments of Montevideo Harbour
(Uruguay). Env. Internat. 29, 1019-1028 (2004)

5. Caplat, C., Texier, H., Barillier, D., Lelievre, C.: Heavy metals mobility in harbour contaminated
sediments: The case of Port-en-Bessin. Mar. Pollut. Bull. 50(5), 504-511 (2005).

6. Galkus, A., Joksas, K., Stakeniene, R., Lagunaviciene, L.: Heavy metal contamination of harbor
bottom sediments. Pol. J. Environ. Stud. 21(6), 1583-1594 (2012).

7. lhenyen, A.E.: Trace metals in the bottom sediments of the Harbour of Lagos, Nigeria. Environ. Monit.
Assess. 16, 259-264 (1991).

8. Stakeniene, R., Joksas, K., Galkus, A., Raudonyte-Svirbutaviciene, E.: Aliphatic and polycyclic
aromatic hydrocarbons in the bottom sediments from Klaipéda Harbour, Lithuania (Baltic Sea). Chem.
Ecol. 32(4), 357-377 (2016).

9. Mora, M., Walker, T.R., Willis, R.: Multiple contaminant ecological risk evaluation in small craft
harbour sediments in Nova Scotia, Canada. Sci. Tot. Environ. 834, 155266 (2022).

10. Barakat, A.O., Kim, O., Qian, Y., Wade, T.L.: Organochlorine pesticides and PCB residues in
sediments of Alexandria Harbour, Egypt. Mar. Pollut. Bull. 44(12), 1426-1434 (2002).

11. Jiang, J.J., Lee, C.L., Fang, M.D.: Emerging organic contaminants in coastal waters: Anthropogenic
impact, environmental release and ecological risk. Mar. Pollut. Bull. 85, 391-399 (2014).

11



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Lara-Martin, P.A., Gondalez-Mazo, E., Petrovc, M., Barcelo, D., Brownawell, B.J.: Occurrence,
distribution and partitioning of nonionic surfactants and pharmaceuticals in the urbanized Long Island
Sound Estuary (NY). Mar. Pollut. Bull. 85, 710-719 (2014).
Mehlhorn, P., Humphries, M., Gensel, J., Buah-Kwofie, A., Tyohemba, R.L., Haberzettl, T.:
Organochlorine pesticide contamination in sediments from Richards Bay, South Africa: spatial trends
and ecotoxicological risks. Environ. Sci. Pollut. Res. Int. 30(1), 2247-2259 (2023). doi:
10.1007/s11356-022-22298-0
Mortimer, M., Bately, G.: Marine Contaminants of Emerging Concern. In: Reichelt-Brushett, A. (eds)
Marine Pollution — Monitoring, Management and Mitigation. Springer Textbooks in Earth Sciences,
Geography and Environment. Springer, Cham (2023). https://doi.org/10.1007/978-3-031-10127-4_13
Luna, G.M., Manini, E., Turk, V., Tinta, T., D’Errico, G., Baldrighi, E., Baljak, V., Buda, D., Cabrini,
M., et al.: Status of faecal pollution in ports: A basin-wide investigation in the Adriatic Sea. Mar.
Pollut. Bull. 147, 219-228 (2019).
Badawy, W., Elsenbawy, A., Dmitriev, A., EI Samman, H., Shcheglov, A., ElI-Gamal, A., Kamel,
N.H.M., Mekewi, M: Characterization of major and trace elements in coastal sediments along the
Egyptian Mediterranean Sea. Mar. Pollu. Bull. 177, 113526 (2022).
Ouillon, S: Why and How Do We Study Sediment Transport? Focus on Coastal Zones and Ongoing
Methods. Water 10(4), 390 (2018). https://doi.org/10.3390/w10040390
Lisco, S., Lapietra, I., Laviano, R., Mastronuzzi, G., Fracchiolla, T., Moretti, M.: Sedimentological
features of asbestos cement fragments in coastal environments (Taranto, southern Italy). Mar. Pollut.
Bull. 187, 114469 (2023).
Somma, R., Giacobbe, S., La Monica, F.P., Molino, M.L., Morabito, M., Spoto, S.E., Zaccaro, S.,
Zaffino, G.: Defense and Protection of the Marine Coastal Areas and Human Health: A Case Study of
Asbestos Cement Contamination (ltaly). Geosciences 14, 98 (2024).
https://doi.org/10.3390/geosciences14040098
Nawrot, N., Wojciechowska, E., Mohsin, M., Kuittinen, S., Pappinen, A., Rezania, S.: Trace Metal
Contamination of Bottom Sediments: A Review of Assessment Measures and Geochemical
Background Determination Methods. Minerals 11, 872 (2021). https://doi.org/10.3390/min11080872
O’Brien, A.L., Dafforn, K., Chariton, A., Airoldi, L., Schéfer, R.B., Mayer-Pinto, M.: Multiple
Stressors. In: Reichelt-Brushett, A. (eds) Marine Pollution — Monitoring, Management and Mitigation.
Springer Textbooks in Earth Sciences, Geography and Environment. Springer, Cham (2023).
https://doi.org/10.1007/978-3-031-10127-4_14
Fathollahzadeh, H., Kaczala, F., Bhatnagar, A., Hogland, W.: Significance of environmental dredging
on metal mobility from contaminated sediments in the Oskarshamn Harbor, Sweden. Chem. 119, 445-
451. https://doi.org/10.1016/j.chemosphere.2014.07.008
Le, S.-T., Nguyen, T.-H.: The Development of Green Ports in Emerging Nations: A Case Study of
Vietnam. Sustainability 15, 13502 (2023). https://doi.org/10.3390/su151813502
Cecchi, G., Cutroneo, L., Di Piazza, S., Rosa, E., Zotti, M., Capello, M.: Myco-Barriers as Sustainable
Tool for Port Seawater Decontamination from Metals. J. Mar. Sci. Engin. 11, 1117 (2023). doi:
10.3390/jmse11061117
Lionello, P., Scarascia, L.: The relation between climate change in the Mediterranean region and global
warming. Reg. Environ. Change 18, 1481-1493 (2018). https://doi.org/10.1007/s10113-018-1290-1
Camarasa-Belmonte, A.M., Rubio, M., Salas, J.: Rainfall events and climate change in Mediterranean
environments: an alarming shift from resource to risk in Eastern Spain. Nat. Hazards 103, 423-445
(2020). https://doi.org/10.1007/s11069-020-03994-x
Luppichini, M., Bini, M., Barsanti, M., Giannecchini, R., Zanchetta, G.: Seasonal rainfall trends of a
key Mediterranean area in relation to large-scale atmospheric circulation: How does current global
change affect the rainfall regime? J. Hydrol. 612, 128233.
https://doi.org/10.1016/j.jhydrol.2022.128233
Capello, M., Cutroneo, L., Ferretti, G., Gallino, S., Canepa, G.: Changes in the physical characteristics
of the water column at the mouth of a torrent during an extreme rainfall event. J. Hydrol. 541(A), 146-
157. https://doi.org/10.1016/j.jhydrol.2015.12.009
Faccini, F., Luino, F., Sacchini, A., Turconi, L.: The 4th October 2010 flash flood event in Genoa
Sestri Ponente (Liguria, Italy). Dis. Adv. 8, 1-14 (2015).
Cutroneo, L., Ferretti, G., Barani, S., Scafidi, D., De Leo, F., Besio, G., Capello, M.: Near Real-Time
Monitoring of Significant Sea Wave Height through Microseism Recordings: Analysis of an
12



31.

32.

33.

34.

35.

36.
37.

38.

39.

40.

Exceptional Sea Storm  Event. J.  Mar. Sci. Engin. 9(3), 319 (2021).
https://doi.org/10.3390/jmse9030319

Cutroneo, L., Carbone, C., Consani, S., Vagge, G., Canepa, G., Capello, M.: Environmental
complexity of a port: Evidence from circulation of the water masses, and composition and
contamination of bottom sediments. Mar. Pollut. Bull. 119(1), 184-194 (2017).
https://doi.org/10.1016/j.marpolbul.2017.03.058

Zhang and Davison, Performance Characteristics of Diffusion Gradients in Thin Films for the in-Situ
Measurement of Trace Metals in Aqueous Solution, Anal. Chem. 67, 3391-3400 (1995).

Davison, W. (Ed.) Diffusive gradients in thin-films for environmental measurements. Cambridge
University Press [2016].

Vrana, B., Allan |.J., Greenwood, R., Mills, G.A., Dominiak, E., Svensson, K., Knutsson, J., Morrison,
G.: Passive sampling techniques for monitoring pollutants in water. TrAC. 24(10), 845-868 (2005).
https://doi.org/10.1016/j.trac.2005.06.006

Benedetti, B., Baglietto, M., MacKeown, H., Scapuzzi, C., Di Carro, M., Magi, E.: An optimized
processing method for polar organic chemical integrative samplers deployed in seawater: Toward a
maximization of the analysis accuracy for trace emerging contaminants. J. Chromatogr. A 1677,
463309 (2022). https://doi.org/10.1016/j.chroma.2022.463309

ASTM: American Standard for Testing Materials. West Conshohocken (1994).

APAT-IRSA-CNR: Metodo 8060. Metodo di valutazione della tossicita acuta con Artemia sp. In:
APAT- IRSA-CNR, Metodi analitici per le acque, Manuali e Linee Guida 29/2003, VVolume Terzo,
1043-1049 (2003).

Militello, G.M., Bloise, A., Gaggero, L., Lanzafame, G., and Punturo, R.: Multi-Analytical Approach
for Asbestos Minerals and Their Non-Asbesti-form Analogues: Inferences from Host Rock Textural
Constraints. Fibers 7, 42 (2019). doi.org/10.3390/fib7050042

Harber, A.J., Forth, R.A.: The contamination of former iron and steel works sites. Env. Geol. 40(3),
320-330 (2001).

La Maestra, S., D’Agostini, F., Sanguineti, E., Yus Gonzalez, A., Annis, S., Militello, G.M., Parisi,
G., Scuderi, A., Gaggero, L. Dispersion of Natural Airborne TiO- Fibres in Excavation Activity as a
Potential Environmental and Human Health Risk. Int. J. Environ. Res. Public Health 18, 6587 (2021).
https://doi.org/ 10.3390/ijerph18126587

13



