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I XX Congresso Nazionale della Divisione di Chimica dell’ Ambiente e dei Beni Culturali si tiene nel periodo
28 Settembre — 1 Ottobre 2023 presso 1’Isola d’Ischia (NA) ed ¢ organizzato dalle Universita campane:
Universita degli Studi di Salerno, Universita degli Studi di Napoli “Federico I, Universita della Campania
“Luigi Vanvitelli” ed Universita degli Studi di Napoli “Parthenope”.

Il congresso raccoglie le diverse anime interne alla divisione, con un numero significativo di contributi sia
orali (88) che poster (53) incentrati su argomenti propri sia della chimica dell’ambiente che dei beni culturali,
tra i quali: contabilitd ambientale, nuovi materiale per la depurazione di acque e suoli, nuovi materiali per il
restauro e la conservazione dei beni culturali, metodogie innovative e sostenibili per il consolidamento ed il
restauro dei beni culturali, studio della dispersione e degli effetti dei contaminanti emergenti, nuovi approcci
per la diagnostica per i beni culturali, nanomaterali. La numerosita e la varieta dei contributi sono un indice
significativo dell’impegno della divisione nell’affrontare problematiche ed argomenti di ampio interesse
scentifico ed applicativo nell’ambito delle criticita ambientali e nell’ambito della salvaguardia e tutela del
patrimonio storico artistico.

Il congresso ospita, inoltre, il Corso di Aggiornamento dell’Ordine Regionale dei Chimici e dei Fisici della
Campania dal titolo “Dal Rifiuto all’End-of-Waste: il recupero come reale spinta all’economia circolare” (8
relazioni) e diversi contibuti orali e poster degli sponsor del congresso stesso (5 comunicazioni orali e 3 poster)
a testimonienza delle connessioni tra la divisione e gli altri stakeholders del settore. VVanno, inoltre, ringraziati
per il supporto economico: Metrohm S.r.l.; cleprin-chimica italiana; Prometeon, SRA-Instruments; Sense
Square; Universita Ca Foscari di Venezia; Istemi.

Sono, inoltre, conferite le medaglie: Medaglia Meadows & Feller - Fabrizio Passarini (Universita di Bologna);
Medaglia Mario Molina - Luca Ciacci (Universita di Bologna); Medaglia Raffaella Rossi Manaresi - Enrico
Greco (Universita di Trieste) ed i premi per le tesi di laurea/dottorato: Cardito Alice (Universita degli Studi
di Salerno); Punis Riccardo (Universita degli Studi di Padova); Gatti Lucrezia (Universita di Bologna); Fenti
Angelo (Universita degli Studi della Campania Luigi Vanvitelli.

Il comitato scientifico ed il comitato organizzatore si augurano che il XX Congresso Nazionale della Divisione
di Chimica dell’Ambiente e dei beni culturali sia un’occasione di conoscenza per tutti i partecipanti nonché
un’occasione di scambio di idee per lo svuluppo di nuove proposte di ricerca ed il consolidamento di quelle
gia in essere. La piacevolezza dell’isola d’Ischia, luogo scelto per il congresso, sara lo sfondo ideale per il
raggiungimento di questi obiettivi.

Auguriamo dunque un buon congresso a tutti i partecipanti.
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Chairperson: A. Proto, R. Cucciniello, N. Marchettini, E. Zendri, L. Rivoira, L. Toniolo, A.
Amoresano, F. Modugno, D. Vione, S. Prati, A. Marcomini, M. Ricciardi, P. lovino, M. Trifuoggi, E.
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Sede del Congresso
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ENVIRONMENTAL CHEMISTRY: ADVANCES AND CHALLENGES TOWARDS A
POLLUTION FREE SOCIETY

A. Marcomini
Department of Environmental Sciences, Informatics and Statistics, University Ca’ Foscari Venice
marcomini@unive.it

Environmental global change and its consequences on humans and ecosystems are dominating the actual public

and political debate. Understanding the chemistry of the environment and the underpinned concern about the

impact of anthropogenic activity are the general mission of environmental chemists. The presentation will

move from the results of the recent international ICCE 2023 Conference to identify major advances and

challenges paving the future development of environmental chemistry. It is anticipated that it will be crucial

to maintain the focus and further develop the capability to, among others:

e studying kinetics and mechanisms of pollutants of concern (i.e., pharmaceuticals, pesticides, plasticizers,
PFASs, etc.) and their (bio)degradation products under natural and engineered conditions

e processing rich sets of data from human biomonitoring for discovering health-impairing exposures and
advancing in the analytical screening to decipher the problematic nature of persistent contaminants in
material recycling

e providing guidance towards more accurate prevention measures (e.g. Safe-by-Design approach) that
protect against exposure to (emerging) environmental contaminants and their substitutes in new materials
and products

e assessing and managing the water-energy-food-ecosystem nexus under a changing climate

o specifically targeting different chemical vs nano forms of the materials with different hazards.

In addition, the Strategic Approach to International Chemicals Management (SAICM), a UN framework

aiming at a sound management of chemicals and waste (SMCW), complements the Chemical Conventions

(e.g. Stockholm, Minamata, etc.) and the EU Chemicals Strategy for Sustainability (CSS, October 2020) that

is part of the EU’s zero pollution ambition, a key commitment of the European Green Deal. The objectives

and targets of the new SMCW mandate, expected to be adopted by the end of 2023, are partially linked to

specific Sustainable Development Goals (SDG) of the Agenda 2030 and require to identify appropriate

indicators to measure progress of sustainable chemistry at the international level.

Finally, considering that chemical pollution is now seen as one of the three main global crises in addition to

climate change and biodiversity loss, a global science-policy panel on chemicals, waste and pollution

prevention, similar to the Intergovernmental Panel on Climate Change (IPCC) and Intergovernmental Science-

Policy Platform on Biodiversity and Ecosystem Services (IPBES), will be soon (2024/2025) established.

Environmental chemists are strongly encouraged to take an active role in these new or renewed international

panels to appreciate what are their implications for scientific research, for regulatory risk assessment, and for

science communication about chemicals, health, and the environment.
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PREVENT THE COLOR CHANGES IN PAINTINGS: A MULTI-MATERIAL,
MULTI-TECHNIQUE AND MULTI-SCALE APPROACH

L. Monico“>%"

L |stituto di Scienze e Tecnologie Chimiche “Giulio Natta”, CNR, Via Elce di Sotto 8, 06123, Perugia, Italy
2SMAArt Center of Excellence, University of Perugia, Via Elce di Sotto 8, 06123, Perugia, Italy
$AXIS Research group, NANOIlab Center of Excellence, University of Antwerp, Groenenborgerlaan 171,
2020, Antwerpen, Belgium

letizia.monico@cnr.it

1. Introduction

The understanding of color changes of painting surfaces is one of the grand challenges in the field of heritage
science. Darkening or fading often occur along with flaking, crumbling, and chalking of the paint, with serious
risks for the long-term conservation of the artwork.

For several inorganic pigments, the color degradation is the result of redox reactions. The process leads to
the formation of alteration products that are usually present as superficial layers and/or aggregates of limited
sizes (below 80 pum) within the stratigraphy of the paint, thus complicating its overall study.

Over the last two decades, the research on pigments’ alteration has benefitted from the exploitation of
synchrotron radiation (SR)-based p-XRF, XANES and p-XRD techniques (in point analysis and
mapping/imaging mode), due to their capabilities to provide spatially resolved elemental speciation and
structural information down to the (sub)micrometre scale length. [1] Complementary knowledge into the
molecular properties of the newly formed compounds were instead obtained by integrating SR-based X-ray
methods with macro-scale non-invasive measurements (from the IR to the X-ray range) by portable devices.
The latter investigations, performed in situ directly on paintings, have opened the possibility to visualize and
map areas where paint components at major risk of degradation are present or alterations are currently in
development. [2]

2. Results and Discussion

This paper reviews the most recent application of non-destructive/non-invasive X-ray methods (employing
SR and traditional sources) combined with UV-visible and vibrational spectroscopies to study the alteration
processes of the following class of pigments in paint matrixes: the discoloration of orpiment (As2Ss) and realgar
(As4S4) used by Medieval artists; the darkening of chrome yellows (PbCrO./PbCri-,ScO4) in paintings by
Vincent van Gogh; the fading of cadmium yellows (CdS/Cdi-Zn.S) and cadmium reds (CdS:—Sey) in artworks
by Edvard Munch and Jackson Pollock. [3-6]

SR-based X-ray data [acquired at ESRF (Grenoble, FR) and PETRA IlI-DESY (Hamburg, DE)] and
conventional vibrational and UV-visible spectroscopy results obtained from the analysis of artificially aged
paint mock-ups (under controlled conditions of light and humidity), historical artworks and related paint micro-
samples will be presented and discussed.

Notably, the outcomes of these studies have permitted to provide first evidences about the following aspects:
1) the mechanism responsible of the color change (i.e., a redox reaction in all the selected pigments); 2) the
internal parameters (i.e., composition and crystalline structure of the pigment; nature of the binding medium)
and the main external factors (i.e., light and/or humidity) prompting the overall degradation paths.

Moreover, the findings arising from the integrated research of paint mock-ups and historical paintings,
including the Sunflowers by Vincent Van Gogh (Van Gogh Museum, Amsterdam, NL) and The Scream (ca.
1910) by Edvard Munch (MUNCH Museum, Oslo, NO), are helping museums and conservators to define the
safest illumination and microclimatic conditions in their Collections.
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3. Conclusions

The multi-material, multi-technique and multi-scale approach here proposed have permitted: 1) to define the
key-parameters that govern the overall alteration of painted surfaces for a selection of pigments; 2) to identify
the markers of degradation risk important to predict their chemical alteration; 3) to devise monitoring strategies
and draw conservation guidelines for a sustainable preservation of artworks.

The research also opens new perspectives for the development of digital tools for the virtual reconstruction
of original colors and the prediction of their change overtime.

References

[1] M. Cotte et al., Comptes Rendus Physique, 19, 2018, 575-588.

[2] F. Vanmeert et al., Angewandte Chemie International Edition, 57, 2018, 7418-7422.

[3] L. Monico et al., Journal of Analytical Atomic Spectrometry, 37, 2022, 114-129.

[4] L. Monico et al., in: Van Gogh's Sunflowers Illuminated - Art meets Science, Eds: Van Gogh Museum, M. van
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CHEMICAL INDUSTRY AND LIFE CYCLE ASSESSMENT

D. Cespi«*
2Department of Industrial Chemistry “Toso Montanari”, Universita degli Studi di Bologna, viale del
Risorgimento 4, Bologna

daniele.cespi2z@unibo.it

1. Introduction

Chemical industry represents one of the sectors with major consumptions in Europe. An energy demand of
2,159 PJ was accounted for 2021, corresponding to 21% of the whole industrial sector request [1]. The same
amount is also confirmed at global level [2]. Oil and gas represent the main feedstocks [3], either for the
material and energy [2] production confirming its lower grade of renewability. However, starting from 90’s,
the adoption of the green chemistry principles [4] allowed to increase the environmental sensitivity and several
goals were achieved: -54% on greenhouse gases emissions, -33% on waste production and -50% of the polluted
water discharged [5]. Green and environmental chemistry are those disciplines that encourage the minimization
of waste, avoiding unnecessary derivatization and designing for degradation; the utilization of renewable
sources, in replacement of the more consolidated; the development of safe reactions, by also designing safer
chemicals; the online control of processes, for pollution and accidents prevention.

2. Results and Discussion

Green and environmental chemistry need some tools to address the environmental and social feasibility of a
reaction under study. Among these, Life Cycle Assessment (LCA) is an analytical branch of the "Life Cycle
Thinking" approach, which can provide important information about the consequences of anthropic activities
from a systemic point of view. It is aimed at quantifying environmental impacts starting from the collection of
many inventory data; thus, similarly to any other scientific analytical methodologies, data quality requirements
should address many features, like precision, completeness, representativeness, consistency, reproducibility,
uncertainty. LCA is a standardized approach (ISO 14040-14044) and worldwide recognized by the sector as
one of the key methods [6]. In these years, LCA was applied to several reactions briefly described below. The
production of acrylonitrile to identify the most suitable reagent between propylene and propane. The synthesis
of acrolein from glycerol to compare the usage of rapeseed oil vs beef tallow as starting materials. The
production of bio-butadiene to counterpose the single-step pathway with the two-steps route. The sildenafil
citrate synthesis to underline the benefits from the application of the green chemistry principles from the fist
preparation up to the commercialization of an active pharmaceutical ingredient. The recovery of glycidol from
a reaction waste streams of the Epicerol® process. The preparation of acetonitrile from bio-ethanol, combining
LCA with process simulation. The synthesis of 100% bio-PET, one of the major commodities worldwide. The
bio-based routes to maleic anhydride at pilot scale, for selecting the best building block (furfural or butanol).
The methyl methacrylate production, to evaluate the potentialities of substituting formaldehyde with its
production in situ. And, finally, the Guerbet reaction for the preparation of bio-based butanol from second
generation alcohol.

3. Conclusions

Life Cycle Assessment can integrate, from a systemic standpoint, data concerning the environmental effects
of chemical substances monitored by the classical approach of environmental analytical chemistry. A LCA is
always recommended when the chemical sector is under study. Reactions can be studied at laboratory scale as
well as at pilot and industrial level to select the best precursors, evaluate different catalytic systems and
compare several conditions. These achievements were obtained thanks to a strict cooperation with many
colleagues, undergraduate and PhD students to whom | should express my greatest appreciation.
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Figure 1: Life Cycle Assessment of different chemical products
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THE THERMAL RESOURCES OF THE ISLAND OF ISCHIA
M. Trifuoggi*?"

1 Department of Chemical Sciences, Universita degli Studi di Napoli Federico I1,Via Cintia, 80126, Napoli
2 CeSMA (Metrological and Advanced Technological Services Center), University of Naples Federico I,
80146 Napoli

marco.trifuoggi@unina.it

1. Introduction

Ischia island is the emerged top of a large volcanic complex rising more than 1000 m above the sea floor at
the north-western corner of the Naples Gulf. It is an active volcanic field that covers an area of about 46 km?
and it is morphologically dominated by the Mt. Epomeo (787 m a.s.l.), located in its central part. VVolcanic
activity in the last 55.000 years has been subdivided into three periods: the first period (55.000-33.000 years)
started with the eruption of the Mt. Epomeo Green Tuff and the subsequent caldera formation. The second
period lasted from 28 to 18 ka and the third period began about 10 ka and lasted up 1302 A.D., with the Arso
eruption.

Ischia has long been known for being the site of intense and widespread hydrothermal circulation, with surface
thermal manifestations including hot springs with outlet temperatures up to 90 °C. There is evidence that
surface discharges are fed by a chemically complex hydrothermal system, consisting of different superimposed
(150 to 1000 m depth range) reservoirs recharged by meteoric and marine water in various proportions, and in
which heat and mass budgets are probably sustained by degassing of a deep magmatic body. Ischia
southwestern sector is one of the areas where hydrothermal circulation is most evident, with measured
temperatures of spring waters up to boiling and of bottom-well temperatures up to ~200 °C at 1100 m depth
[1,2].

2. Results and Discussion
The classification of waters is a difficult work on which several authors have expressed themselves. The most
complete and recognized classification is that of Marotta and Sica 1929-1933, which divides mineral waters
according to chemical characteristics and temperature. In fact they can be distinguished:

- Salty water, if there is a prevalence of chloride anion;

- Sulphurous waters, if there is a prevalence of sulfhydryl anion;

- Ferrugineous-arsenical waters,

- Bicarbonate waters, if there is a prevalence of bicarbonate anion.

- Sulphate waters, if the sulphate anion prevails;
Waters are also classified according to their temperature registered at the source:

- Cold waters, whose temperature does not exceed 20 °C;

- Hypothermal waters, whose temperature is between 20 °C and 30 °C;

- Omeothermal waters, whose temperature is between 30 °C and 40 °C;

- Hyperthermal waters, whose temperature is higher than 40 °C [3].

The Ischia hydrothermal system appears particularly complex, given the interaction between fluids having
different origins; meteoric, marine and deep geothermals. The mixing of the three components in various
proportions explains the composition of the various types of thermal fluids present on the island. The
phenomenon of marine intrusion is present mainly along the coasts of Casamicciola and Ischia Porto, north of
the island, and those of Serrara Fontana and Barano, to the south. There upwelling of magmatic gases, mainly
CO; and HsS, affects several areas of the island corresponding to the presence of tectonic discontinuities.
Based on the temperatures observed, most of the waters of Ischia fall within the field of mesothermal (between
35 and 50 °C) and hyperthermal (> 50 °C), a little less are the establishments with hypothermal waters (between
20 and 35 °C).

Based on the chemical characteristics it is possible to divide the waters of the island of Ischia into four
hydrogeochemical faces which are:

- chlorinated waters alkaline,
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- calcium bicarbonate waters,

- alkaline bicarbonate waters,

- alkaline sulphate waters.

Such chemical composition is strongly influenced by the cooperation of three different factors:-

- rainfall,

- marine intrusion,

- lift of magmatic fluids from fractures in the Earth.

The thermal waters of the island of Ischia are used in therapy above all in the form of external practices (baths,
mud treatments, inhalation treatments, gynecological applications).

Salty waters and the like, in their use for inhalation treatments and gynecological treatments, first of all take
into account the phenomena of permeabilization of the mucosa induced by them.

The general meaning is that of an anti-inflammatory activity in the sense of supporting and promoting anti-
inflammatory reactions and effects.

Of the bicarbonate and sulphate waters, the local effects on the organic surfaces in contact with the outside
mainly concern the respiratory system. The tracheo-bronchial secretion is affected by the bicarbonate anions
with mucolytic effects as well as the acid respiratory environment associated with subchronic and chronic
inflammation is mitigated. Not negligible is also the relaxing action on the tracheo-bronchial smooth muscle
by sulphate radicals when they are present [1,2,4].

3. Conclusions

On the island of Ischia there are four hydrogeochemical facies of chlorinated waters alkaline, calcium
bicarbonate waters, alkaline bicarbonate waters, waters alkaline sulphate. There chemical and physical
composition of the thermal waters of the island of Ischia is influenced by the cooperation of three factors:
rainfall, marine intrusion, and ascent of magmatic fluids from fractures in the Earth. The phenomenon of
marine intrusion is present mainly along the coasts of Casamicciola and Ischia Porto, north of the island, and
those of Serrara Fontana and Barano, to the south. There upwelling of magmatic gases, mainly CO; and H.S,
affects several areas of the island corresponding to the presence of tectonic discontinuities. The presence of
many thermal springs has allowed the island to use these waters for various therapeutic purposes.

Representation of the hydrothermal basins of Ischia and the corresponding water classes [1].
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ADSORBABLE ORGANIC FLUORINE (AOF) — A SUM PARAMETER FOR NON-
TARGETED SCREENING OF PER- AND POLYFLUORINATED ALKYL SUBSTANCES
(PFASS) IN WATERS

R. Carvalho?, E. Suess*

Metrohm International Headquarters; Herisau, Switzerland

ricardo.carvalho@metrohm.it

1. Introduction

The prevalence of per- and polyfluorinated alkyl substances (PFASs) and other perfluorinated compounds
(PFCs) that persist and accumulate in the environment (as well as in our own bodies) is becoming an increasing
concern to international health authorities. They are a challenge to monitor individually and quantify in low
concentrations, even in drinking water. The full scope of organofluorine compounds that are potentially
detrimental to the environment is largely unknown, and therefore TOF is a good indicator.

Combustion IC can not only determine TF and TOF, but also AOF and EOF (extractable organic fluorine) in
waters and solids, respectively. Beside PFASs, AOF and EOF also include non-PFASs that still have similar
properties (Figure 2), as well as pesticides and other fluorinated compounds that are not included when using
more targeted analysis methods. Measurement of the sum parameter of AOF in water samples as an initial
screening step is simpler, faster, and more robust than targeted methods, giving laboratories an overview of
the actual amount of fluorinated compounds present in samples which can be followed by targeted analyses of
individual PFASs if indicated by higher concentrations of AOF.

2. Results and Discussion

Measuring AOF via CIC follows the sample preparation according to DIN EN ISO 9562 beginning with
adsorption of the non-acidified liquid sample on a stationary phase (activated carbon), generally with a packed
column or cartridge. To ensure complete adsoption, at least two consecutive packed columns or cartridges are
used. The activated carbon becomes enriched with organofluorine compounds after a specified amount of
sample is introduced (100 mL) and is then washed with sodium nitrate (NaNO3) to remove the sample matrix
and any inorganic fluoride in order to achieve the most accurate results. The rinsed AOF-enriched carbon is
transferred to ceramic sample boats and then is inserted into the combustion module at 1050 °C for
pyrohydrolytic combustion in an oxygen/argon gas stream. This stream is passed through an absorption
solution which captures the fluorine as fluoride (F-) and is then transferred, injected, and analyzed with IC
using an anion exchange separation column (Figure 5). The AOF-CIC method can determine F in a range of
1-100 pg/L, with a limit of detection (LOD) of 0.5 pg/L F- (determined according to DIN 32645).
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Figure 1 - . AOF determination in a wastewater sample. A volume of 100 mL sample (not acidified) was adsorbed on two
consecutive activated carbon cartridges (disposable tube for AOF determination, flow rate: 3 mL/min) and treated with
a neutral NaNOs rinsing solution (0.01 mol/L). The rinsed activated carbon enriched with organic fluorine was
subsequently combusted and analyzed using Metrohm CIC (Metrosep A Supp 5 - 250/4.0 column, column temperature:
55 °C, eluent: 2.8 mmol/L Na,COs, sequential suppression). The total AOF concentration of the wastewater sample was
determined as sum of the individual AOF contents of the two adsorption cartridges (in orange) from which the AOF
method blank (in grey) was substracted.

With such a setup, low levels of organofluorine compounds including PFASS, isomers, precursors, metabolites,
pharmaceuticals, pesticides, and other related substances can be quickly measured. Higher values of the sum
parameter AOF measured with CIC can be used as a trigger for laboratories to check samples with a more in-
depth targeted analysis method for specific PFASs. The complementary approach of measuring AOF as a hon-
targeted screening method for PFASs alongside targeted methods like LC-MS/MS helps researchers to better
monitor the actual amount of fluorinated substances in water, and in the environment in general.

3. Conclusions

Measurement of AOF with CIC as a non-targeted screening method for PFASs in waters can be faster and
easier and is a more robust alternative to the determination of individual substances with the more costly and
complex methods. The advantage of measuring AOF as an estimate for PFASs over the indirect TOF analysis
lies in its higher accuracy and sensitivity due to preconcentration and direct determination. The AOF sum
parameter is more comprehensive to estimate the overall impact of organofluorine substances in water samples.
It is a good indicator to initiate detailed targeted analyses if values are high. This can be especially helpful to
determine whether water treatment processes have been effective enough in municipal water facilities and
wastewater treatment plants to sufficiently remove harmful fluorinated substances.

TF = Total Fluorine
including inorganic and organic compounds

TOF = Total Organic Fluorine

TIF =
Total
Inorganic

Fluorine
Targeted
PFASs

Total PFAS-related Organic Fluorine

General overview of the relationships and overlaps from total fluorine (measured by CIC) to targeted PFASs (measured
by LC-MS/MS or GC-MS/MS)
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1. Introduction

The industrial revolution, its technological innovations and consequently population growth, pushed our
society at the current stage in which the satisfaction goods and services demand is reached, at this point, by
overexploiting the natural resources, and on the other hand, increasing the environmental pressure to a
threshold in which ecosystems are collapsing and the risk of losing important services deriving from them is
always more tangible.

In this context, tyres makers, and more in general all the industrial sector, need to become aware of their impact
on the society and the environment and therefore implement strategies to minimize it.

2. Results and Discussion

Under these circumstances, well known by Prometeon, the Company, since the year 2017, is monitoring,
managing, and compensating its impact by including Sustainability as a core pillar of its business strategy. The
Sustainability strategy in Prometeon consists of the four following main pillars:

- Governance and Business Ethics: is the Sustainable Management Model adopted by the Company, it
consists in the set of Policies and Procedures that guide how the Company act with the internal and the
external actors;

- Social Dimension: is the governance dedicated to the Internal Community (Compensation & Benefits
policies, International Mobility, Training & Development, Welfare, Industrial Relations). Occupational
Health, Safety & Hygiene. Within this dimension are present also all the actions that contribute to the
External Community such as donations and all the initiatives aimed to increase external community
welfare;

- Environmental Dimension: consists in all the investment done to assess, monitor and reduce the Group
environmental footprint. The company track its performances monitoring the following five KPIs: Energy
Consumption, Water withdrawal & consumption, Green Gas emissions, Waste recovery Management,
Solvents and Nox/Sox;

- Economic Dimension: distribution of added value is detailed along with the management and
performance relating to customers and suppliers and the investments done to continuously upgrade the
product portfolio of Prometeon.

Moreover, in order to minimize and ultimately eliminate the negative effects of tires on the environment,
Prometeon Tyre Group has focused its research and development efforts on the "3R" concept, Recycle, Reduce
and Rethink & Reinvent. The objective is to achieve a complete transition to sustainable materials, aiming for
100% usage throughout the production process. This will be accomplished by reducing the consumption of
raw materials and optimizing manufacturing processes, recycling used materials and incorporating them into
new tires, and exploring new renewable materials and formulations. By embracing the "3R" approach, the tire
quality will be improved, resulting in enhanced product lifespan and retreadability, thereby reducing the
demand for new tires.
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3. Conclusions

Prometeon Tyre Group recognizes its impact on society and the environment and implements strategies to
minimize it. The Company has actively addressed sustainability since 2017, incorporating it as a core pillar of
its business strategy. This includes governance, social initiatives, environmental investments, and economic
considerations. By embracing the "3R" concept, Prometeon aims to transition to sustainable materials, reduce
raw material consumption, optimize processes, recycle materials, and enhance tire quality, leading to a
decreased demand for new tires.

Prometeon Tyre Group Sustainability
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1. Introduction

Since 2008, Istemi has been active in the field of diagnostics of Cultural Heritage. The activities include the
application of several diagnostics methods, from structural investigations, to geological and geophysical
surveys, monitoring services, as well as chemical and physical materials characterization. Particular attention
is paid to non-destructive methods, in order to point out the importance of knowledge, preservation, and
conservation of Cultural Heritage, from a completely non-invasive point of view.

In the present work, combined non-invasive and non-destructive in situ analyses have been used forthe
diagnostic investigation of the hypogeum artworks of the San Pietro a Corte complex, located inSalerno,
Campania, Italy. The main aim of the work has been the characterization of the fresco paintings, relatively to
the identification of pigments and the substrates, as well as the evaluation of environmental effects, as air
guality, humidity, temperature, and distribution of soluble salts on the degradation processes and the state of
conservation of the frescoes materials.

2. Results and Discussion

Preliminary non-invasive investigations have been performed through thermographic and igrometric surveys,
in order to evaluate the humidity distribution along the hypogeum surfaces, together with the verification of
any discontinuities and detachments in correspondence of the artworks surfaces. Moreover, by means of non-
invasive analytical techniques such as handled X-Ray Fluorescence (XRF) spectrometer, and Infrared
Reflectography (IR-R), characterization of pigments and substrateshas been carried out, in order to define
chemical and morphological features of the artworks surface, how the surrounding environment interacts with
the materials, and how it influences their state of conservation.

The preliminary in situ results have shown the use of natural mineral pigments such as ochres and earths, for
both frescoes analyzed. The analyses of the substrates have revealed a support made of plaster layer
characterized by lime-based binder. Moreover, the presence of a high amount of sulfates has been detected, in
different concentration, probably related to a possible degradation processes of the materials, and strongly
affecting their state of conservation

3. Conclusions

The overall results confirm that the employment of a multi-analytical characterization approach, involving
non-invasive and non-destructive in situ investigations, provides important information allowing conservators
and restorers to better understand the artworks features, from a scientific and conservative point of view.
Through the expertise of Istemi team, together with important partnerships and collaborations as Universities
and Research Centers, Istemi promotes and discloses the knowledge on the Cultural Heritage materials
analyses, becoming an important aspect to be deepened, in order to define, plan, and carry out the best
restoration and valorization strategies.
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One of the fiesco paintings investigated from the hypogeum of the San Pietro a Corte: “Teoria di Santi”.
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1. Introduction

This presentation deals with the development of bio-sustainable formulations from Cleprin S.r.L, an Italian
industry specialized in cleaning products for the industrial and professional sectors. The plant has an
operational capacity of more than 200 tons per day and has obtained the certifications 1ISO 9001 — 14001 —
45001 — B-Corp. With a keen interest in environmental issues, the industry started a research project with the
University of Salerno to optimize the production of a green sequestering agent that can replace EDTA. The
sequestering agent chosen is tetrasodium imminodisuccinate (IDS) that can be prepared by reacting maleic
anhydride with ammonia and sodium hydroxide. The ideal formulation containing IDS is supposed to be
suitable for hard water (hardness higher than 40°F) and biodegradable. The project is divided into three steps.
Initially the most suitable raw materials and their relative concentrations have been selected to produce IDS
based on scientific articles and patents. Then the conditions of production and the technological process have
been studied to improve the characteristics of the product and recover the unreacted reagents. The second step
has included stability tests and chemical/physical analysis to certify the final formulation. In the last step the
unreacted reagents have been reconverted in high value products for the agricultural and automotive sector to
improve the production cycle and reduce the environmental impact.

2. Results and Discussion
Several conditions of synthesis have been tested. The reaction occurs according to the following
stoiochiometry:

o]

4 NaOH
2 o  + NH, a0

- +
-2 H,0 Na O O Na
o}
Figure 1. Reaction scheme for the synthesis of sodium imminodisuccinate.

The reaction can lead to five products: imminodisuccinate (reported in Figure 1), aspartate, malate, fumarate,
and maleate. The reaction was performed at a temperature of 100-120°C and at different reaction times (above
6 hours). Ammonia was also replaced with ammonium carbonate and ammonium bicarbonate that are solid
and easier to manipulate compared to liquid ammonia.

IDS was successfully obtained in all the conditions tested. The yield of IDS compared to the other subproducts
depends on the experimental conditions used like the reaction temperature (usually above the melting point of
maleic anhydride), the time and the order of addition of the reactants.
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The products obtained have been characterized with NMR, FT-IR and TGA to estimate the amount of the
various subproducts and the inorganic residue. NMR analysis confirmed the IDS formation with typical signals
at 2.88 e 3.89 ppm (*H-NMR) and at 34.8, 36.4, 57.9, 58.6, 173.8 ¢ 177.6 ppm for the *C-NMR.

After the optimization of the synthesis, three formulations suitable for dishwasher have been prepared, and
biodegradability was evaluated in all the cases after neutralization of the pH (the biochemical oxygen demand
was measured with the respirometric method and compared with the chemical oxygen demand). Of the three
formulations, the less biodegradable is the one containing also polyacrylates and phosphonates as chelating
agents, the more biodegradable contains gluconate and IDS. All the three formulations prepared with different
concentrations of IDS have been used in domestic dishwashers with optimal results.

Subsequently, a method for removing the unreacted ammonia from IDS was developed. On a lab scale a round-
bottom flask containing IDS with the unreacted ammonia and sodium hydroxide was heated at 120°C and
connected with nitrogen gas to let ammonia evaporate and be captured in a trap with hydrochloric acid. The
ammonia recovered was analyzed with UV spectroscopy.

The ammonia neutralized was considered for applications such as additive in ad-blue, fertilizer in agriculture
or in other formulations.

3. Conclusions

Tetrasodium salt of IDS can be a valid alternative to EDTA as chelating agent with a reduced environmental
impact. The subproducts like malate, maleate, fumarate and aspartate do not influence the properties of the
final product and don’t need to be removed. The unreacted ammonia can be troublesome especially in alkaline
conditions like those required in dishwasher formulations. The IDS sodium salt can be produced from maleic
anhydride, ammonia and soda and the unreacted ammonia can be recovered and reused for other cleaning
products. The synthesis performed directly in the industry allows to reduce the costs and the environmental
waste.

References

Pinto, I.S.S.; Neto, I.F.F.; Soares, H.M.V.M. Biodegradable Chelating Agents for Industrial, Domestic, and Agricultural
Applications—A Review. Environ. Sci. Pollut. Res. 2014, 21, 11893-11906.

Asemave, K. Greener Chelators for Recovery of Metals and Other Applications. Organic & Medicinal Chem 1J. 2018, 6
(4), 555694,

Folliero, V.; Ricciardi, M.; Dell’ Annunziata, F.; Pironti, C.; Galdiero, M.; Franci, G.; Motta, O.; Proto, A. Deployment
of a Novel Organic Acid Compound Disinfectant against Common Foodborne Pathogens. Toxics. 2022, 10, 768.

XX Congresso della Divisione di Chimica dell’Ambiente e dei Beni Culturali, 28 Settembre-01 Ottobre, 2023. Ischia. 21



ﬁ‘\
Societd Chimica Italiana

Divisione di Chimica
Ambiente e Beni Culfurali

SPO5

THE PROTECTION OF ARCHAEOLOGICAL AND ENVIRONMENTAL HERITAGE
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1. Introduction

The Eco-archaeological Park of Pontecagnano, located in the Campania region of Italy, is a unique and
valuable cultural and environmental resource. The park is home to important archaeological sites dating back
to the Roman and pre-Roman periods, as well as a diverse range of flora and fauna. However, like many other
cultural and natural heritage sites around the world, the park faces significant threats from pollution and other
environmental pressures [1].

In order to protect and preserve the park's archaeological and environmental heritage, a joint monitoring project
has been launched by Legambiente, Sense Square, and the Department of Chemistry and Biology at the
University of Salerno. The project aims to use new monitoring technologies to track air pollution levels in real
time and assess the impact of pollutants on the park's archaeological structures. The collaboration between
these organizations reflects a growing recognition of the importance of using advanced technologies to protect
and preserve cultural and natural heritage sites for future generations.

The use of new monitoring technologies, such as those offered by Sense Square, will provide precise and up-
to-date data on air quality in the park. Sense Square is a company that provides advanced monitoring
technologies for air quality and pollution. Their cutting-edge sensors and data analysis tools allow for precise
and real-time monitoring of air quality, including the levels of particulate matter, gases, and other pollutants.
This data, combined with the specific analyses conducted by the Department of Chemistry and Biology, will
help researchers to evaluate the impact that pollutants have on the archaeological structures within the park.
This information will be useful in developing effective strategies for mitigating the effects of pollution on the
park's cultural and natural resources [2].

The joint monitoring project is an important step towards ensuring the long-term protection and preservation
of the Eco-archaeological Park of Pontecagnano. By utilizing modern technologies and interdisciplinary
collaboration, this project represents a model for safeguarding cultural and natural heritage sites around the
world.

2. Results and Discussion

The joint monitoring study of air quality within the Eco-archaeological Park of Pontecagnano lasted for 7
months. During the monitoring period, the observed levels of pollutants were found to be moderately high,
with PM10 and PM2.5 particulate matter exceeding legal limits on several occasions. In particular, the levels
of fine particulate matter (PM2.5) were found to be particularly high in some areas of the park.

Moreover, during the analysis of the archaeological structures, there was a high degree of darkening of the
surfaces. From the analysis conducted, it appears that this phenomenon is connected to the high concentrations
of fine particulate matter in the air. In particular, the extremely high presence of PM2.5 particulate matter
seems to be correlated with the darkening of the surfaces.

The results of our study indicate that the Eco-archaeological Park of Pontecagnano is subject to high levels of
air pollution, with PM2.5 particulate matter exceeding legal limits in several areas of the park. Additionally,
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the darkening of the archaeological surfaces seems to be connected to the high concentrations of fine
particulate matter in the air.
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These results are concerning as air pollution can irreversibly damage archaeological structures and compromise
their long-term preservation. However, the collaboration between Legambiente, Sense Square, and the
Department of Chemistry and Biology at the University of Salerno has demonstrated that the use of advanced
monitoring technologies can be an effective tool in protecting cultural and environmental heritage.

Based on the results of our study, it is recommended that measures be taken to reduce air pollution within the
park. In particular, it would be important to reduce emissions of fine particulate matter from vehicular traffic
and industrial activities in the surrounding area.

Moreover, it is suggested that air quality monitoring within the park be continued to evaluate the effectiveness
of the measures taken and to verify any improvements. Finally, it is hoped that the collaboration between
Legambiente, Sense Square, and the Department of Chemistry and Biology at the University of Salerno can
continue in the future to ensure the protection and preservation of the cultural and environmental heritage of
the Eco-archaeological Park of Pontecagnano.

3. Conclusions

In conclusion, the joint monitoring study of air quality within the Eco-archaeological Park of Pontecagnano
has highlighted the need for measures to reduce air pollution in the park. The observed levels of pollutants
were moderately high, with particulate matter exceeding legal limits on several occasions. The darkening of
the archaeological surfaces seems to be connected to the high concentrations of fine particulate matter in the
air.

By continuing to monitor air quality within the park and implementing measures to reduce pollution, we can
ensure the long-term preservation of the park's valuable archaeological and environmental resources.

Overall, our findings underscore the importance of interdisciplinary collaboration and the use of advanced
technologies in safeguarding cultural and natural heritage sites around the world.
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1. Introduction

The treatment of industrial and urban wastewater is fundamental to ensuring public health and environmental
protection, but it may generate huge amounts of sludge which has to be properly disposed of. Sludge treatment
is usually a costly operation that includes several management options, namely landfilling, incineration,
composting, anaerobic digestion, and direct usage on land. However, the relatively high content of organic
material makes wastewater treatment sludge (WWTS) a potential source for bio-based chemicals and materials
that can replace their fossil-based equivalents and meet with the circular economy principles.

To this aim, the EU-funded project “CROSS-LIFE” (G.A. 101074164) explores the upcycling of the carbon
contained in WWTS to the production of bio-based crotonic acid (CA), which is employed in the
copolymerization with vinyl acetate to poly(vinyl acetate-co-crotonic acid). Herein, preliminary life cycle
assessment (LCA) is applied to estimate the potential for greenhouse gas emissions reduction achievable by
replacing fossil-based CA with the WWTS-to-CA route. [1]

2. Results and Discussion

“Cradle-to-gate” system boundaries were set to cover the main life cycle phases from raw material extraction
to the production of 1 kg CA, which is set as the functional unit. Life cycle inventories were developed for
fossil-based and bio-based CA, respectively. More in detail, fossil-based CA has been modelled using data
gathered from the existing relevant literature, which provided the dataset of material and energy inputs and
outputs by process, from oil extraction to acetaldehyde production and further processing to purified CA [2,3].
For bio-based CA, the biological-thermochemical process has been developed based on the modelling of the
system material and energy inputs and outputs for each process stage at the semi-pilot scale: (i) hydrothermal
carbonization (HTC) pre-treatment of WWTS, (ii) anaerobic digestion of the entire pre-treated WWTS under
thermophilic conditions; (iii) solid/liquid separation of the mixture through a filter press to get a volatile fatty
acids (VFAS) enriched solution; (iv) aerobic fermentation of the VFA stream to produce polyhydroxybutyrate
(PHB) as intracellular granules; (v) drying of the microbial biomass enriched in PHB, followed by its
thermolytic distillation to give bio-based CA.

The preliminary LCA results demonstrate demonstrates a GHG emission reduction from 13.9 kg CO.eq per kg
CAto 7.75 kgCO.eq per kg CA in favor of the replacement of fossil sources with the WWTS upcycling route
here proposed. The main contribution to such carbon emission reduction is due to much lower steam inputs to
the depolymerization of PHB through thermolytic distillation than those required for fossil-based CA. For bio-
based CA, the most contributing stage to carbon emissions is HTC due to intensive thermal energy
requirements. In contrast, anaerobic fermentation is given a credit for the recovery of energy during the
combustion in a combined heat and power plant of the biogas produced.

It is worth noting that the WWTS-to-CA process provides the supplemental function of dewatering the sludge
input thanks to the application of HTC: during HTC, 40-60% of WWTS is converted into a carbon-densified
product (hydrochar) containing most of the suspended solids in the sludge coming out of the HTC reactor. For
this reason, it can be filtered at high pressure, getting an effective dehydration result impossible to achieve
without HTC, ultimately reducing the amount of waste to be disposed of (i.e., the dry matter increases from
4% wt in the sludge in input to about 40-60% wt in the sludge in output). To include this further benefit into
our preliminary assessment, we have expanded the system boundaries to include and compare the main end-
of-life (EoL) scenarios for managing WWTS and normalized the results to a reference flow of 1 tonne of dry
sludge (t.,_w). Based on a review of 35 LCA studies [4], the carbon footprint of the most common WWTS
management strategies including direct land application, incineration, and composting has been quantified at
1.3+£1.7,0.42 £ 0.52, and 0.028 £ 0.12 t CO, per tu.wmns, respectively.
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These estimates will be used as a quantitative basis for further refinement of the avoided impacts related to (i)
the production of CA from fossil sources, (ii) the dewatering of digestate, and (iii) the transport of a higher
guantity of treated sludge to the final disposal site.

3. Conclusions

Despite preliminary, these results highlight a significant potential for carbon savings achievable by a bio-based
production process of CA, which will be ultimately embedded into the environmental profile of its derived
copolymer poly(vinylacetate-co-crotonic acid).

The copolymers constituted from fossil-based or bio-based CA have the same composition and thermal
properties, independently of the origin and the purity of the starting CA monomer, suggesting their equivalency
for the investigated application.
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1. Introduction

The intensive everyday usage of plastic materials causes the release of a large amount of microplastics in all
environmental compartments. Recently, biobased and biodegradable polymers have been looked at as a
potential alternative to conventional plastics in terms of environmental impact' 2. However, biodegradation is
a complex process influenced by many factors, requiring the development of reliable analytical methods to
assess the lifecycle of bioplastic materials and to monitor their degradation once in the environments.
Commercial wet wipes are disposable nonwoven materials pre-moistened with a specifically formulated
solution or emulsion*. According to the recent “flushability” policy in the UK, echoed in the Implementing
Regulation (EU) 2020/2151, wet wipes can be differentiated into non-flushable and flushable, depending on
their chemical composition and suggested disposal practices*. Non-flushable wipes must be disposed of with
the solid waste, while flushable ones are claimed suitable to be disposed of through the toilet and are designed
to disintegrate into small pieces once in the sewage systems. Unfortunately, the environmental risks associated
to such practice are far from being fully assessed and deserve specific attention.

2. Results and Discussion
In this work, different samples of commercial wet wipes from the UK market were investigated: (a) flushable
with the UK certification, (b) flushable with no UK certification, (c) biodegradable but not flushable, (d) not
biodegradable and not flushable. Each wet wipe was subjected to morphological analysis by scanning electron
microscopy (SEM), and chemical analysis by evolved gas analysis-mass spectrometry (EGA-MS), and double-
shot pyrolysis-gas chromatography-mass spectrometry (DSPy-GC-MS). EGA-MS and DSPy-GC-MS (Tt =
300 °C, T2 = 600 °C) enabled the determination of fiber composition whether the tissues were composed of
one or two different materials. Many additives reported in the product labels such as humectants (e.g. glycerin,
2-phenoxyethanol) and preservatives (e.g. benzoic acid) were also detected. As expected, the method
confirmed the presence of synthetic fibers in the conventional samples only, whereas all the other wipes
resulted to be composed of cellulosic fibers. Even though analytical pyrolysis techniques failed to discriminate
between natural and regenerated cellulosic fibers, SEM analysis detected the presence of both natural and
regenerated cellulose in all flushable certified samples, and only regenerated fibers in all the other non-
conventional wipes.
Subsequently, non-flushable (composed of a mixture of cellulose and polyethylene terephthalate, PET) and
flushable (composed of cellulose) wet wipes were subjected to two different types of artificial degradation.
A set of samples was sonicated in deionized water to simulate the mechanical degradation occurring in sewage
waters, while a second set of samples was soaked in deionized water and exposed to UV-Vis radiation in an
ageing chamber to simulate an outdoor photodegradation. At the end of each ageing cycle, the tissue was
squeezed, and the water was filtered on quartz filters to collect the released microfibers (diameter of the filter
37 mm). The residual tissues were analyzed by SEM and DSPy-GC-MS, while the filters were pyrolyzed at
600 °C. Subsamples of the water in which the wipes were immersed during the treatments were analyzed by
high-performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS) to detect soluble
organic leachates (organic compounds).
The Py-GC-MS analysis of the filters confirmed the presence of higher levels of microfibers in samples aged
longer and highlighted an effect of the ageing conditions. In particular, significant amounts of cellulose
microfibers were detected in the filters obtained for the artificially aged non-flushable wipes. DSPy-GC-MS
of the leftover tissues highlighted a decrease of the peaks related to additives (e.g. glycerin, 2-phenoxyethanol,
benzoic acid) with ageing time in the first shot (Figure 1). As for the second shot, an increase of cellulose
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pyrolysis products (e.g. levoglucosan) was observed for the flushable certified wipes, whereas no significant
changes were detected for the non-flushable wipes. The above was confirmed by HPLC-MS/MS data of the
leachates.

3. Conclusions

Both flushable and non-flushable wet wipes generated significant amount of microfibers when subjected to
simulated mechanical and photo-induced ageing. Cellulose fibers underwent extended fragmentation, releasing
the greatest amount of microfibers during the experiments compared to synthetic fibers. The experiments also
highlighted the importance of the leaching of additives and chemicals such as glycerin, 2-phenoxyethanol and
benzoic acid, whose release into water is pivotal in assessing the environmental risk of flushable wet wipes.
Thus, the evaluation of the environmental impact of flushable wet wipes shall not be limited to the assessment
of the composition of the fiber support and should take care of the variety of possible formulations.
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Figure 1. First shot pyrograms of flushable certified wipes before (a) and after (b) sonication.
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1. Introduction

One fifth of the global greenhouse gas emission is linked with building sector (Cabeza et al., 2022).
Traditional materials such as concrete and steel are emission intensive (Davis et al., 2018). Alternative
materials such as engineered wood (e.g., Cross Laminated Timber) could partly replace them while acting as
carbon storage after absorbing CO, from the atmosphere. This provides engineered wood a comparative
advantage in terms of sustainability. Assessments to quantify this advantage must encompass the whole
manufacturing process of engineered wood. However, since such materials cannot replace concrete and steel
ex aequo, comparisons must be conducted in functional terms, considering the application in a building. Life
Cycle Assessment (LCA) is a standardized and widespread method to evaluate the environmental impact of
products throughout their whole life cycle. However, LCA considers inputs form the technosphere only,
neglecting the biosphere role in providing natural resources such as wood. Emergy evaluation fills this gap
by capturing inputs of any sort. Our work shows the complementarity of the two approaches attempting to
fill the gap left by a stand-alone LCA application.

2. Results and Discussion

Cross Laminated Timber (CLT) is used as reference for engineered wood. The manufacture of 1 m® of CLT
through LCA is linked with 150 kg CO2eq. Most of it derives from the energy used for both the harvesting
and the engineering processes (41%), while the remaining part consists of materials that are consumed during
the same phases. Energy and consumable materials belong to the technospere. There is no impact attributed
to the provision of wood (in forest) nor to human labor input. These do not belong to the technosphere but to
the biosphere and, as such, are neglected by LCA. The same analysis conducted via Emergy evaluation
(EME), quantifies in 6.03-10%* sej the effort of nature and technosphere to manufacture 1 m® of CLT. Opposite
to LCA, EME highlights the outstanding role that the biosphere plays in the provision of engineered wood
indicating that almost half of the overall emergy (45%) required is linked to forest growth. Moreover, the
second largest contribution in terms of emergy is human labor (25%), which LCA fails to capture too. Inputs
from the technosphere such as energy consumption (13%) and materials other than wood, such as glue (17%)
are less relevant considering all the inputs. Such results are used as input for the estimation of the
environmental sustainability of the partial replacement of concrete and steel with engineered wood in a
residential building composed of one 5 story block and one 4 story block. Replacing concrete and steel
resulted in a reduction of (-3%) in terms of GHG emission (- 36 t CO-eq). Instead, EME shows that such
replacement resulted in a much larger reduction of (-42%) in terms of emergy (- 4.49-10'® sej). The results
from the two approaches are significantly different due to the different system boundaries that intrinsically
underpin the respective methodologies. LCA does not reflect the role that ecosystems play in contributing to
the provision of material to human activities and the technosphere while EME provides information on the
natural ecosystems’ effort to provide resources. The greater environmental advantage that results from EME
is due to its ability to capture the renewability of all the inputs required for a process, feature that is not
available in LCA. Nevertheless, LCA provides punctual and accurate estimates in terms of multiple impact
categories. This suggests that while analyzing goods that are predominantly based on non-renewable
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materials such as concrete and steel LCA could provide information comprehensive enough for sustainability
assessment, it would overlook the fundamental role played by renewable materials such as wood.

3. Conclusions

We showed that wood-based buildings are much more sustainable compared to concrete-based buildings
from an EME perspective, while the sustainability gain is only marginal from an LCA point of view. We
conclude that since renewable resources will have to be the basis for the transition to a sustainable
development and that buildings will play a major role in this transition, the sustainability assessment for
buildings should shift from the current approach — uniquely based on LCA — to an integration between LCA
and EME.
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1. Introduction

LCA is recognized as one of the widest used tools for environmental impact assessment of goods, especially
for those of agri-food sector. LCA simplified approaches have been recently proposed to support enterprises
and optimize both the big data-demand and time-consuming process while maintaining the methodological
rigor and the results reliability (Arzoumanidis, 2017).

In this work, a simplified LCA dedicated to wine production is first set up and then calibrated using a robust
sample of around forty wines. This sample is quite heterogenous and representative, being formed by
different: i) types of wines (red, white, sparkling), ii) company size (small, medium and large), iii) cultivation
practices (conventional, organic). All the LCA analyses are realized with the same functional unit, system
boundaries, assumption, software (SimaPro) and database (Ecoinvent). Therefore all wine environmental
profiles elaborated are perfectly comparable. The simplified LCA approach proposed is aimed to the
identification of the lowest number of relevant inputs (hotspot), directly supplied as primary data, able to
describe the results with the highest representativity.

2. Results and Discussion

For a sample of eight representative wines, high detailed LCA profiles, from cradle to gate, has been
elaborated, including inventories and impact assessment, in order to produce two different LCA matrixes:
the first we call “product vs impacts” (i.e. the main relevant impacts has been assessed for each wine
analyzed) while the second “impact vs products” (i.e. all wines, disaggregated by inputs, are compared within
the same impact category). The considered impact categories are climate change, acidification,
eutrophication potential, acidification potential, ozone layer depletion potential. The cross-matrix analysis
has identified 5 main hotspot (chemicals and fertilizers, diesel, energy consumption, glass and paper for
packaging), able to document a very representative portion of the total impacts (> 95%). When Water
Footprint, measured as Water Scarcity, is also included the number of hotspot grows by one unit including
the input “water direct consumption”. The hotspot identified are representative of all the three main phases
in which the system is organized i.e. agricultural phase, winery and packaging.

Once set up, the approach has been validated, using a sample of about 30 wines performing the LCA with
just the six hotspots. The environmental impact profile of each wine is completed by including the rest of the
inputs accounted for as secondary data. Results show an estimated error of around 10-15% with respect to
the true value. The largest error is found for the category “red wine” and “sparkling wine”. This suggest
performing a cluster analysis and organizing the model according also to other critical issues i.e. cultivation
practices or winery procedure.

3. Conclusions

The preliminary results of the simplified experimental LCA approach focused on the wine industry are quite
comforting and push us to deepen the topic, both using a statistically even more significant sample and
adapting it to other agricultural production chains. The main advantage of using a simplified approach like
the one proposed lies above all in giving the enterprises an easy to use, flexible and smart tool so that they
can monitor the improvements made in the company and translate them into avoided impacts.
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1. Introduction

In the EU manufacturing context, the ceramic industry is one of the sectors most aware of environmental
sustainability [1]. Various initiatives have been undertaken over the years at the level of this production sector
and recently a dynamic environmental impact assessment system has been developed in order to meet the
environmental monitoring needs of a ceramic tile manufacturer [2]. However, the lack of qualitative
consistency between primary (manufacturing) and secondary (sourcing, distribution, installation and use)
data significantly influences the final results of the environmental assessment. The implementation of the
circular economy paradigm at the micro level is also hindered by the lack of upstream and downstream
information in the supply chain [3]. The IESMAN project intends to fill the gap in the environmental
performance of a chemical company that supplies raw materials for ceramic production. The Life Cycle
Assessment (LCA) methodology has been applied on the entire chemical factory in order to define all the
environmental impacts and based on the most impactful product category, a more sustainable material was
developed using the Mixture Design approach from Design of Experiments (DoE) method.

2. Results and Discussion

The manufacturing of the chemical industry is particularly intricate and differentiated when compared to
other industries due to the multiplicity of raw materials and production lines. The LCA analysis, performed
according to UNI EN 1SO 14040-14044 regulations, has been developed on a system consisting of pigments,
compounds, glazes and inks for the decoration of ceramic tiles and slabs. In particular, the following 13
production lines have been defined for the LCA study: flamings, frits, grits, spherical grits, inks, raw
materials, colouring oxides, body colouring oxides, dry powders, flakes, atomised glazes, compound glazes
and liquid glazes. The functional unit for the LCA analysis of the entire factory is the annual production of
chemicals, being equal to 41408.098 t. Once the collection of primary data of the 13 production lines and the
related 316 raw materials has been completed, the inventory analysis was modeled in SimaPro 9.3.0.2 and
with Ecoinvent 3.8.1 database for the background processes. The results of the environmental LCA analysis
of the entire production show a total damage of 25581.5 Pt and the production line that cause the highest
damage is the compound glazes for 36.11% followed by grits, inks and mixing colour oxides for 14.34%,
14.21% and 12.18% respectively (Figure 1). In particular, in the production line of compound glazes, 88.79%
of the damage is due to the raw material production process mainly by the use of frits (41.33%), nepheline
syenite (15.68%), barium carbonate (9.21%), zirconium silicate (8.18%) and zirconium oxide (6.97%).
Therefore, in the IESMAN project, a frit-free glaze formulation obtained using secondary raw materials
(SRM) has been experimentally developed by applying statistical techniques without affecting the quality of
conventional ceramic products. In particular, the traditional industrial glaze formulation was modified with
alternative raw materials by replacing frit with recycled borosilicate glass and recycled soda-lime glass,
quartz with chamotte, and kaolin with metakaolin, respectively. A systematic experimental approach based
on Mixture Design by DoE was adopted in order to study mixtures with varying replacement levels of

XX Congresso della Divisione di Chimica dell’Ambiente e dei Beni Culturali, 28 Settembre-01 Ottobre, 2023. Ischia. 32



-@\
Socletd Chimia falana OP5

Divisione di Chimica
Ambiente e Beni Culfurali

selected (based on the preliminary screening) alternative raw materials. A total of 20 mixtures were chosen
for the detailed study. Specimens of each mixture were prepared at laboratory and industrial conditions to
eliminate any variations in kiln firing conditions. The measured responses or output factors selected based
on the industrial interest from different glaze formulations were: (i) cleanability after interaction with
methylene blue dye, (ii) coefficient of linear thermal expansion, (iii) colour difference between the standard
and modified glazes, and (iv) softening temperature. The results allowed to select three optimized
formulations further characterized using TG- DTA thermal analysis and the best glaze formulation was
derived. The obtained frit-free glaze composition with secondary raw material represents a more sustainable
and energy-efficient solution for the ceramic manufacturing industries.

3. Conclusions

The value creation toward a circular value chain, has drastically changed requiring a substantial effort by
industries to reinvent processes, products and business models in a sustainable perspective. In the IESMAN
project, tracking the environmental sustainability of chemicals supplied to ceramics manufacturers
demonstrates that the most impactful product category are compound glazes and in particular the contained
frits. Consequently, using a statistical approach, a new glaze formulation has been obtained to ensure a
reduction in environmental loads.
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Figure 1. LCA results of the entire chemical production
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1. Introduction

The management of cultural heritage requires continuous conservation and restoration efforts, which can be
harmful to human health, especially for operators and curators, and at the same time impactful to the
environment. To promote a sustainable approach to heritage restoration, attention should be paid to the
impact assessment of all phases of a restoration project: from the environmental impacts generated by the
production of the chemicals and devices used for restoration to the management of the waste resulting from
such activities. Coping with these issues, GREENART (GREen ENdeavor in Art ResToration) project, part
of the HORIZON Europe programme, proposes new solutions based on green and sustainable materials and
methods, to preserve, conserve and restore CH. The innovative solutions proposed in GREENART are: i)
protective coatings; ii) foams and packaging materials; iii) consolidants; iv) gels and cleaning fluids; v) green
tech sensors. As part of the project, a Life Cycle Safety and Sustainability Assessment is planned to provide
step-by-step guidance to product developers during the early design phase, facilitating the development of
sustainable and innovative solutions.

2. Results and Discussion

The sustainability framework implementing the Safe by Design (SbD) concept developed in the H2020
NANORESTART project was used as starting point (Semenzin et al., 2019). The “Safe and Sustainable by
Design” (SSbD) approach consist in the identification of potential human or environmental impacts of a new
material or product, with the objective of modifying its design to avoid undesired properties while keeping
their functionalities. As a first step a state-of-the-art assessment in the safe and sustainable by design field
with a specific focus on innovative chemicals was performed. The main current reference in the European
landscape is the “Safe and Sustainable by Design chemicals and materials” framework by the Joint Research
Center (JRC) (Caldeira et al., 2022). This JRC report, published in 2022, proposes a hierarchical stepwise
approach in which safety aspects are considered, followed by environmental, social and economic
sustainability aspects. This tiered approach also refers to information requirements since data availability is
limited at the first stage of the research process. The framework foresees the assessment of the entire life
cycle of a chemical or material, including the design phase and considering among others its functionality
and end use. The first step of the JRC framework, which involves a hazard assessment of the chemicals, has
been used as a guideline for the safety assessment that has to be performed on GREENART chemical
solutions.

This first evaluation is performed according REACH and CLP regulations, which represent the actual
European regulatory baseline, to look at the intrinsic properties of the chemical or material in order to
understand its hazard profile before further assessing the safety during use. Three main criteria have been
defined by the JRC SShD framework, based on intrinsic hazard properties, which relate to: H1) most harmful
substances; H2) substances of concern; H3) other hazard classes. The chemicals that fail the H1 criterion
should be prioritised for a substitution or re-designed; they could be kept only if their uses are essential for
society. The data collection focused on the innovative and most promising ingredients of cleaning fluids,
coating and consolidants. Moreover, conventional products that should be replaced by innovative ones,
developed within GREENART project, was assessed. Besides the list of ingredients also safety data sheets
and the percentage of each ingredient in the formulation have been collected. The formulations proposed
have been checked by screening hazard assessment. In this step health, environmental and physical hazards
were assessed by applying the EU CLP self-classification for mixtures.
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3. Conclusions

Based on the outcomes of this initial phase, the developers of the product have the option to modify the
original formulation in order to minimize any potential risks, or they can choose to eliminate it altogether if
altering the composition would adversely affect its technical effectiveness and functionality.

After that safety aspects will be assessed taking into account production/processing phase and the final
application phase. In the final step Life Cycle Assessment (LCA) and Life Cycle Cost (LCC) methodologies
will be used to estimate environmental and economic impacts of the most innovative solutions along the
entire life cycle.
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Results of step 1: Innovative protective coating hazard assessment of an example formulation
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1. Introduction

Turning waste into a valuable resource is globally mainstreamed by approaches and legislations including
the circular economy and several SDG goals (Kaza et al, 2018). However, effective implementation of
virtuous waste management strategies often requires innovative and versatile technologies and proven
environmental preference over traditional waste treatment and disposal routes. In particular, biowaste is a
material stream under investigation because of its potential source for added-value chemicals and renewable
energy.

A team from the University of Bologna has developed a biofuel cell technology to serve as a treatment for
discarded biomass originated from agriculture. This cell aims to valorize biomass by producing electricity
and soil conditioner. A patent application has been filed for this technology (Setti and Maggiore, 2022).

In this study, the life cycle assessment (LCA) is applied to estimate the environmental performance of the
bio-fuel cell developed, with emphasis to understand which stages of the process are the most impactful to
the environment and where prioritizing efforts should be dedicated to achieving sustainability improvements.

2. Results and Discussion

The analysis of environmental impacts consists of the compilation of the life cycle inventory (LCI), in
collaboration with the developing teams, and then the assessment of impacts (LCIA). In this study at this last
stage, two methods were chosen: CED is focused on energy consumption; and ReCiPe, which considers
impacts on human health, resources and ecosystems.

In addition to assessing the lab-scale impacts of the cell, various considerations were made from an eco-
design perspective.

One aspect that has been investigated is how much the impact of cell production weighs on the total and after
how many uses it can be significantly reduced. The results showed that the impacts related to the production
of the cell (i.e., infrastructure) are negligible if it is used about 400 times, at least. During subsequent analysis,
the average lifetime of a fuel cell was considered, thus 4750 cycles (Hua et al., 2020).

After that, the focus was on which aspects were most impactful on the environment during cell use. It was
observed that the greatest impact is due to energy consumption and the usage of phosphoric acid and other
chemicals. The study, therefore, focused on how these two aspects can be optimized. It was noted that the
total impact of the chemicals can be decreased significantly if they are expected to be recovered as fertilizer,
and total recovery of the elements P, N and K in a soil conditioner was therefore assumed.

To look for a less impactful alternative to the reagents | already tested in the laboratory, alternative scenarios
were created to test different combinations of acids and bases. Nitric acid and potassium hydroxide were
used instead of phosphoric acid and sodium hydroxide. The use of KOH use seems promising because it adds
potassium to the nutrient output.

Because of the large portion of impacts due to energy consumption, scenarios based on renewable sources
have been also explored. The renewable resource investigated the most is photovoltaic energy because it is
the one most easily applicable to the sector for which this cell was designed, which is the agricultural sector.
The benefit in environmental terms (ReCiPe method) turns out to be 48 % if the energy comes totally from
solar power. A further model was also created to check the benefits of heat recovery during the hydrolysis
reaction and other energy consumption optimization. Impacts decrease by 56% for the ReCiPe method and
98% for the CED method.
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Finally, all these scenarios were compared with traditional treatments for biomass waste, such as composting
and anaerobic digestion. Since the use of the cell does not involve transportation, while in traditional methods
often it must be taken into account, scenarios with plants 10, 50 and 100 km away have been considered. The
results indicate that the optimized cell can be comparable with composting for the CED method, while for
the ReCiPe method, where the impacts of chemicals weigh more, the traditional scenarios are still
significantly less impactful.

CED method
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m Renswable, biomass m Renewabls, wind, sokar, gecthe mRenswable, water
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Comparison of the impacts of anaerobic digestion (AD) and composting with various biofuel cell use scenarios.

3. Conclusions

From the results of this study, it can be said that this technology is promising and can be competitive as long
as energy consumption is minimized, and nutrients used in the reagents are recovered. Impacts related to
reagents can be slightly reduced by changing them, and energy consumption can be reduced if heat is
recovered, and the required energy is obtained from renewable sources.

However, all these observations must be accompanied by knowledge of the limitations of this study and
possible future developments. First, the scale of the process, which is the laboratory scale with model
molecules, should be considered. Part of the limitations come from the data; in fact, some are primary data,
while other come from personal estimations.
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EVALUATION OF THE IMPACT ON AMBIENT AIR QUALITY
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1. Introduction

VOCs concentration at gasoline service stations located in residential areas may adversely affect air quality
and may pose health risk and odour annoyance to population living nearby. VOCs emission from service
stations is mainly determined by gasoline evaporation following refuelling operations (fuel transfer from bulk
storage tanks to oil tank trucks or dispensing from the service station to individual vehicles) and/or by leaks
from underground or vehicular tanks used for gasoline storage ™. Therefore, depending on the daily number
of refuelling operations and the efficiency of the conveying system of gasoline vapours coming from storage
tanks, the gasoline service stations may cause air impairment and both short- and long-term adverse effects on
human health. To date, a limited number of investigations have been carried out worldwide to evaluate the
extent of the impact the gasoline service stations determine on their surroundings -3, The present study is
contextualized in this research field and is addressed to fill the existing knowledge gap and to raise awareness
among stakeholders on the need of safeguarding public health in exposed residential areas.

2. Results and Discussion

With the purpose to assess the impact of VOC emissions coming from a gasoline service station on the air
quality of the nearby residential area, an experimental design comprising two monitoring campaigns,
contextually carried out over 2 months, was developed. One monitoring campaign was based on the high
temporal and spatial resolution monitoring of TVOCs concentration by means of photo-ionization detector
units (Corvus 1AQ monitor, lon Science) deployed in the area surrounding the gas station, addressed at the
identification of emissive sources and short-term emissive events; the other one was focused on VOCs
chemical characterization of ambient air at both outdoor and indoor receptor sites i.e., 3 outdoor sites located
at different distance from the gas station and 1 indoor site representing a private dwelling opposite the gas
station, performing passive air sampling onto suitable adsorbent (Radiello®, Maugeri) on a 3-days scale
followed by TD-GC/MS analysis.

The analysis of the collected real-time TVOCs concentration data highlighted the occurrence, over the entire
duration of the monitoring campaign, of peak concentrations ranging from 1.0 to 2.0 ppm (short-term events)
at 3 on 4 of the investigated outdoor receptor sites, due to their closer proximity to the gas station. Moreover,
the comparative evaluation of temporal trends of TVOCs concentration registered at both outdoor and indoor
sites revealed that the data were highly correlated, supporting the hypothesis that a common source (e.g., the
gas station) impaired air quality in terms of VOCs both outdoors and indoors. The daily temporal variation in
TVOCs concentration appears also to be repeatable over the weekdays with peak concentrations occurring
during selected daytime hours (8:00-11:00 a.m., 1:00-5:00 p.m.), when the transfer operation of the fuel into
the storage tanks of the gas station occurred and/or a greater affluence of customers was registered. Finally,
with specific regard to the outcomes of the chemical characterization, the highest concentration of BTEX
(Benzene: 4.1 pg/m® Toluene: 6.2 pg/m®, Ethylbenzene: 1.6 pug/m3 Xylenes: 2.7 pg/m?) were found in
correspondence of the outdoor sites closest to the gas station even considering that the sites further away from
it were instead very close to high traffic roads, therefore likely to be highly impacted by the traffic source. This
outcome was further confirmed by the diagnostic ratio T/B, whose values at the receptor sites close to the gas
station revealed to be, over the monitoring campaign, systematically lower than those calculated at a greater
distance demonstrating in this way the existence of a point source of Benzene in the investigated area.

XX Congresso della Divisione di Chimica dell’Ambiente e dei Beni Culturali, 28 Settembre-01 Ottobre, 2023. Ischia. 38



“@\ oP8

Divisione di Chimica
Ambiente e Beni Culfurali

3. Conclusions

The outcomes of the present study, obtained through the application of an integrated methodological
approach based on the simultaneous chemical characterization and the real-time monitoring of VOCs,
add further evidence on the impact determined by a point emissive source like a gasoline service
station on the ambient air quality in the surrounding residential area. The vicinity of the gas station
to private dwellings can definitively pose a health risk for the exposed population due to the inhalation
exposure to target pollutants as aromatic hydrocarbons (Benzene).

References

[1] Zeng L. et al., 2022. Species profiles, in-situ photochemistry and health risk of volatile organic compounds in the
gasoline service station in China. Science of the Total Environment 842, 156813.

[2] Vitale S. et al., 2015. Filling station short-range impact on the surrounding area: A novel methodology for
environmental monitoring based on the shadows study. Environmental Technology & Innovation 4, 210-217.

[3] Terrés 1.M.M. et al., 2010. Assessing the impact of petrol stations on their immediate surroundings. Journal of
Enviromental Management 91 (12), 2754-2762.

XX Congresso della Divisione di Chimica dell’Ambiente e dei Beni Culturali, 28 Settembre-01 Ottobre, 2023. Ischia. 39



-ﬁ‘\
Societd Chimica Italiana

Divisione di Chimica
Ambiente e Beni Culfurali

OoP9
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1. Introduction

In recent decades, the development of new technologies has significantly increased the use of engineered
nanomaterials in consumer products. Among the most recent materials we find multicomponent
nanomaterials (MCNMSs), characterized by the integration of two or more nanometer-sized components in a
single system, which can give the final product additional innovative properties compared to those with a
single component. However, despite the numerous benefits associated with the use of MCNMSs, concern is
growing about their potential risk to human health and the environment. This concern is related both to their
nanometric size and to the complexity of estimating the degradation rates and toxicity of a multi-composite
system. Therefore, investigating the interactions between MCNMs and the surrounding media, e.g.
dissolution, aggregation/disaggregation and surface ligand adsorption, are of great importance for supporting
the risk and safety assessment of these materials, as such changes can affect their toxicity?.

2. Results and Discussion

This work is framed within the EU funded H2020 SUNSHINE Project and aims to support Safe and
Sustainable by Design (S&SbD) strategies for mortars incorporating advanced multi-component
nanomaterials to the photocatalytic NOy decontamination. Colloidal stability, surface charge and ion release
of both single and MCNMs dispersed in different media relevant for (eco)toxicological testing were
investigated, as well as the release of ions from mortars. From the combination of different analytical
techniques, such as dynamic and electrophoretic light scattering (DLS and ELS), centrifugal separation
analysis, Raman spectroscopy, infrared spectroscopy (IR), transmission and scanning electron microscopy
(TEM and SEM) and inductively coupled plasma mass spectrometry (ICP-MS), a comprehensive
characterization of MCNMs have been performed. The obtained results allowed to estimate the qualitative
and quantitative stability of the tested dispersions over time, and to gather further significant information for
a better correlation with the results from (eco)toxicity studies.

3. Conclusions
The approach presented here will greatly support the development and implementation of environmental risk
assessment and management methodologies for MCNMs, within S&ShD strategies.
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1. Introduction

2D-materials become an outstanding technological field in recent years due to their promising physical,
electrical, chemical, and optical properties. The starting point of this research line is probably due to the first
synthesis of graphene in 2004 by Gejm and Novosélov.t Since the first discovery of graphene, more and
more 2D materials have been synthesized, such as CsN4 and MXenes. The favorable functional properties of
these materials must be governed for obtaining specific characteristics suitable in many industrial sectors.
However, a proper structure-function relationship for these new materials still lacks.

2. Results and Discussion

The synthesis of 2D materials with controlled morphology is having an increasingly prominent role in
materials science, because the variation of the synthesis parameters allows optimizing the functional
properties of the materials themselves. Not all the synthesis parameters can be modified as desired and the
influence that each parameter has on the final characteristics of the product is different.2 At the beginning, a
proper definition of the chemical, structural and morphological characteristics that can drive the functional
properties at nanoscale and molecular level can be scouted by an extensive literature search. In order to
recognize the most significant parameters, a Design of Experiment (DoE) screening approach can be applied
to the selected parameters to explain experimental variability. Starting from the synthesis conditions for the
specific materials obtained through the screening DoE, series of morphology controlled 2D-materials can be
synthetized and characterized with different analytical methods such as electron microscopy (SEM, TEM),
electrochemistry (CV, OCP, LSV, EIS), UV-Vis and IR Spectroscopy, Dynamic Light Scattering (DLS), X-
Ray diffraction (XRD), etc.? Of course, even functional properties can be tested. For example, by using
Microtox bioassay which uses the bioluminescent Vibrio Fischeri bacteria as probe and through other more
specific techniques such as enzyme inhibition tests. Moreover, the catalytic properties towards the abatement
of recalcitrant pollutants in air and water and H: production through hydrogen evolution reaction (HER) can
be assessed.

Finally, materials’ characteristics can be collected and evaluated using Principal Component Analysis (PCA)
and data fusion approaches. These chemometric techniques should allow us to establish the relationship
between the synthesis parameters and the materials’ characteristics. These relationships can be exploited to
develop a DoE optimization model for the Safe and Sustainable-by-Design (SSbD) synthesis of specific 2D-
materials with the use also of regression models (such as Multiple Linear Regression) and Machine Learning
approach for the evaluation of the collected data. Further, this methodology allow us to create a model able
to predict the functional properties of a specific 2D material starting from the synthesis parameters and vice
versa.?

3. Conclusions

In conclusion, the use of this combined approach (DoE for synthesis, characterization and Chemometric
Analysis) is a valuable method for the safe-by-design synthesis of several kind of materials for large-scale
application in catalysis, energy harvesting, biomedical and environmental applications, etc. Of course, this
approach is not only related to the material synthesis but can be expanded to any kind of molecules/material,
with relevant saving of solvents, energy and times.
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SEM micrograph of one of the synthesized MXene (left) and fluorescence matrix analysis on graphene oxide material
(right).
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1. Introduction

Time and environmental conditions are among the main factors related to the degradation of artwork and
historical buildings. It is, well-known that artistic materials exposed to light, humidity, variation in
temperature, and pollution undergo chemical physical characteristics changing and, as a consequence, are
subject to various kinds of corruption processes. Therefore, the study of degradation mechanisms and
possible strategies for their prevention has become of main importance in the field of cultural heritage.

In this research, several microclimatic parameters, the presence of particulate matter and/or pollutants such
as nitrogen dioxide and BTEX, were monitored to assess the indoor and outdoor characteristics of the
Santuario della Beata Vergine dei Miracoli in Saronno (VA). In addition, in-situ measurements for the
characterisation of pigments, binders, and products of degradation on several works of art in the sanctuary
were taken. Special attention was paid to Bernardino Luini’s frescoes’ colour palette, with the main aims of
establishing the state of conservation of the paintings and taking part in the possible authentication of the
fresco located outside the church.

2. Results and Discussion

The microclimates surrounding the beautiful frescoes cycle by the master of the Renaissance Bernardino
Luini and the valuable wooden sculptures representing the Deposition and the Last Supper were monitored
during different periods of the year, including important religious events like Easter Week. Several
dataloggers for temperature, relative humidity, and illuminance detection and an optical particle counter
(OPC) for particulate matter (PM) continuous evaluation were placed around the area of interest. Moreover,
some diffusive, passive samplers to determine the mean concentration of NO, and BTEX were also used. As
part of the research, the outdoor parameters were also monitored and a comparison with the indoor values
was made with the purpose of finding possible correlations.

The preliminary results of this part of the research indicate that, notwithstanding the indoor concentration of
pollutants and changes in thermal and humidity parameters are on average lower with respect to the outdoor
values, the microclimate inside the Sanctuary was often above the threshold outlined by the Italian legislation
and technical standards [1].

Several non-invasive measurement campaigns were performed in the meantime, with the aim of identifying
pigments, binders and possible products of degradation on the “Marriage of the Virgin” by Bernardino Luini
(Figure 1), the “Adoration of the Christ Child” (which is located outside the church and is thought to be an
original Bernardino Luini as well), and some of the wooden painted sculptures. This study was performed by
means of totally-non-invasive spectroscopic and imaging complementary techniques such as Raman, FTIR,
visible reflectance and XRF spectroscopies, hyperspectral imaging and colourimetry.

The resulting palettes of the two frescoes are both characterised by the presence of calcium carbonate (used
both in white details and to lighten other colours), yellow ochre and Naples yellow, red ochre and/or umber,
and Fe-based green. Nevertheless, some differences were also evidenced, especially with regard to the blue
areas. Indeed, while smalt was used to paint Joseph’s mantle in both works, Mary’s mantle showed the
presence of valuable lapis lazuli only in the “Marriage of the Virgin”. Azurite, and traces of smalt were
instead identified in the “Adoration of the Christ Child”. Some products of degradation like gypsum and
oxalates were detected here and there on both frescoes.
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Furthermore, some in-situ XRF and visible reflectance analyses were carried out on the wooden sculptures
placed in the two main chapels of the Sanctuary. Apart from the identification of cinnabar (HgS) as the main
pigment for the red clothes of the characters, the occurrence of the phenomena of degradation was also
observed. Still under study is the possible correlation of the detachment of some of the painted film with
unsuitable air quality and microclimate of the environment.

The study of the possible correlation between environmental conditions/pollution and degradation on all the
investigated objects is ongoing, and some modeling experiments are being performed to delve deeper into
this issue.

3. Conclusions

This research highlights the importance of the synergic application of environmental monitoring and artistic
material analysis in museum contexts.

Indeed, the monitoring of air quality allowed assessing the environmental conditions inside and outside the
Sanctuary over time, even covering important liturgic events. On the other hand, the analyses performed on
the frescoes and sculptures highlighted several products of degradation that are probably correlated with the
environmental conditions.

The knowledge about the mechanisms behind the corruption of works of art is one the most challenging
topics nowadays, and this makes this study a pioneer in interdisciplinary research for it is being performed
in real conditions and over a long time, which is not so common to find in the literature.

Fig. 1: Bernardino Luini’s Marriage of the Virgin (Santarzo della Beata rironno (VA))
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1. Introduction

In recent years, indoor air quality (IAQ) has become a very important issue because in developed countries
people tend to spend most of their time in indoor environments as home, workplace, school, etc. Moreover,
many studies showed that indoor air is frequently more contaminated than outdoors one [1, 2]. In fact, in
addition to outdoor pollutants penetrating through windows and doors, most of the indoor pollutants are
emitted from indoor sources as building materials, furniture, cleaning and combustion processes: heating,
cooking and incense burning. Indoor air pollution, resulting from specific indoor activities such as cooking
or cigarettes smoking, has been deeply characterized [3, 4] in contrast to incense burning emissions. In a
poorly ventilated area as the churches where large amounts of people gather in a relatively short time and
incense is commonly burned, high concentrations of harmful chemical pollutants could affect IAQ.
Therefore, this study aims to investigate the time profiles of pollutants concentrations in a church and basilica
during the liturgical celebrations to estimate the emissions dynamic induced by incense burning and its
potential health impacts.

2. Results and Discussion

This study represents a pilot project for the assessment of air quality inside churches and basilicas. An high-
time resolved monitoring campaign was carried out in 2023 from January 20" to April 30" in a church (total
volume of about 600 m®. More specifically, sensors and analyzers for high-time resolution monitoring of the
main pollutants in both gaseous and particulate phase were installed on the altar of the church in a beeline
with the first lines of pews. The size distribution of airborne particles with optical dimensions between 0.28
and 10 um was continuously monitored by an optical particle counter (OPC - OPTacer, Fai Instruments srl);
the real time concentrations of total polycyclic aromatic hydrocarbons (TPAHS) and total volatile organic
compounds (TVOCs) were determined by a photoionization analyzer (PAS2000 - EcoChem Analytics) and
a photoionization detector PID (NetPid, Labservice), respectively. An integrated system consisting of low-
cost sensors for the real time measurements of PM, TVOCs, CO, and microclimatic parameters as
temperature and humidity named NOSE (Beefrest srl) was also used. Finally, a microGC for the continuous
measurement (every 15 minutes) of Benzene, Toluene, Xylenes and Ethylbenzene (Pyxis, Pollution srl) was
included in the monitoring setup.

The preliminary results reported, for example, in Figure 1 for the period from March 20" to April 10", when
several liturgical celebrations linked to Lent and Easter took place in the investigated church, show that
during the hours of greatest crowd of faithful (CO, concentration peaks) and in correspondence of incense
use, significant increment of PM10 (maximum value: 203 mg/m3 ), PM2.5 (maximum value: 171 mg/m3),
TVOCs (maximum value: 3.9 ppm) and Benzene (maximum value: 2.2 ppb) concentrations were registered.
These peak concentrations were higher than the limit values established by law for the PM10 and Benzene
outdoors concentrations (Legislative Decree 155/10). In fact, PM10 and PM2.5 concentration values
registered during Easter celebrations resulted up to 6 times higher than the annual limit values and the
Benzene peak concentration reached a value higher than 5 ug/m?.

Moreover, in order to determine the concentration—time profiles of VOCs, TPAHs and particle during and
after combustion events of different type of incense and to evaluate the potential health impacts in terms of
peak concentration and exposure duration, specific monitoring activities have been carried out in an test
chamber on the basis of a tailored experimental design. More specifically, inside the experimental room with
dimensions of 2.53x3.15 m and a volume of 21.9 m3, three different type of incense and two different kind
of charcoal were burned in controlled conditions in the middle of the room at 1 m above floor level and three
test runs were performed for every kind of incense. The high time-resolved concentrations of PM10, TPAHSs
and benzene registered in test chamber during the different experiments reached maximum values up to 250

XX Congresso della Divisione di Chimica dell’Ambiente e dei Beni Culturali, 28 Settembre-01 Ottobre, 2023. Ischia. 45



“@\ OoP12

Divisione di Chimica
Ambiente e Beni Culfurali

mg/m?3, 800 ng/m?* and 35 ppb, respectively. PM10 concentrations higher than 50 pg/m?® (limit value for
outdoor) were continuously registered for three hours at least before windows opening.

3. Conclusions

The high-time resolved monitoring campaign of indoor gaseous and particulate pollutants carried out in a
church showed that the incense burning during the Lent and Easter celebrations produces significant
concentrations of PM10, PM2.5 and VOCs as benzene deeply affecting indoor air quality. Finally, the
chamber tests showed that some incenses determine an increase of the benzene concentration in the air just
slightly above background levels whereas other ones determine a significant increase of benzene
concentrations reaching values higher than 200 pg/m? in the test room. Anyway, these results highlighted the
sure potential impact of incense burning during the liturgical celebrations on heath of priests and altar boys.
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Figure 1: High time-resolved concentrations of PM10, PM2.5, PM1 (ug/m®), CO, (ppm), TVOCs (ppm), Benzene(ppb)
and Toluene (ppb)
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1. Introduction

Atmospheric particulate matter has been identified as an important source of pollutants for environment,
especially near urban area where anthropogenic activities (i.e. traffic, combustion, nearby industrial plants)
can introduce different pollutants, influencing the composition of air (Querol et al., 2013). The main objective
of this study was to investigate the influence of SARS-covid19 restrictions on PM10, PM2.5 and wet and dry
deposition in an sub urban area.

The sampling site of PM10 and PM2.5 is inside of the University Campus Ecotekne of Lecce, located in the
Apuliaregion and it can be considered a suburban background station. While the depositions were sampled in
the University Campus Ecotekne and at atraffic site in Lecce city. Soluble salts, metals and organic and
elemental carbon were analysed. Source apportionment has been carried out with: the mass reconstruction
method and the Positive Matrix Factorization (PMF) (Belis et al 2014).

2. Results and Discussion

In this study PM10 and PM2.5concentrations measured during the lockdown months of 2020 were compared
to those measured during the same period in previous years (2007 and 2011) and in the following months of
2021 and 2022, showing a decrease in concentrations. Lowest monthly average PM10 values were observed
in June 2020 (18+3 pg/m3) caused by limited number of people at University Campus Ecotekne and March
2021 (1949 pg/m3), probably due to the introduction of strong restriction measures in “Red Zone”. During
Orange zone respect to No lockdown period, OC and EC showed an increase of 52% and 82%, while in Red
zone, with the introduction of strong restriction measures on travels/movements OC and EC showed a decrease
of 20% and 16%, respectively. Five factors were found by PMF: crustal/Saharan dust, total traffic, sea spray,
biomass bourning and ammonium sulphate. Emission differences, among the different zone due to Covid19
restrictions, were mainly found in biomass bourning source, while the other sources did not show statistically
differences. The same main sources were found in the studied depositions at both sites. The urban site is
characterized by higher impact of anthropogenic sources. Different anthropogenic metals, such as Cu, Cd, Pb
and V were found in higher amount in the acqueus phase, while Al, Fe, Cr and Zn are mainly present in the
insoluble fraction. PAH are always higher in the urban site.

3. Conclusions

The present study has shown the decreasing of PM and of pollutants related mainly to combustions in
relationship to the restriction introduced with Sars covid 19 regulamentations. The main sources affected by
restrictions were combustion and resuspension one that lead to the decreasing of pollutants in air of the sub
urban site. The urban site is characterized by higher impact of anthropogenic sources
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1. Introduction

Phenolic compounds may be present in the environment due to contribution from different industrial sources
including production of drugs, textiles, dyes and paper. Nitrophenols are among the most important organic
compounds formed photochemically in the atmosphere from vehicle exhausts. They can have various effects
on human health due to their estrogenic, anti-androgenic and vasodilatory activity. As a consequence, the US
Environmental Protection Agency and the European Union have included nitrophenols in their list of priority
pollutants [1,2], increasing the need for analytical methods for the determination of these compounds in
different matrices. Indoor dust is a sink for many organic compounds and has been identified as a major source
of environmental contaminants. Trying to meet the growing demand for new analytical approaches amenable
to reduce organic solvent consumption in compliance with the principles of the Green Analytical Chemistry,
a protocol based on the microwave-assisted extraction of 10 nitrophenols from the indoor dust followed by
solid-phase microextraction gas chromatography-tandem mass spectrometry analysis (SPME-GC-MS/MS)
was developed and optimized.

2. Results and Discussion

Microwave-assisted extraction (MAE) is a well-established technique for the extraction of analytes from solid
matrices that is finding a growing use due to its advantages, including the reduced use of organic solvents and
high productivity [3]. The studied analytes (4-nitrophenol, 2-methyl-4nitrophenol, 2,6-dimethyl-4-nitrophenol,
4-nitroguaiacol, 5-nitroguaiacol, 2,4-dinitrophenol, 3,4-dinitrophenol, 4-methyl-2,6-dinitrophenol, 4-
nitrocatechol, 4-methyl-5-nitrocatechol) were extracted from indoor dust by MAE using environmentally
friendly solvents and, subsequently, a derivatization step and the SPME extraction were performed directly on
the MAE aqueous mixture eliminating additional sample clean-up steps. Due to the presence of the phenolic
hydroxyl moiety on the target analytes a derivatization step was used prior to the gas chromatographic analysis.
The classic acetylation reaction and the use, for the first time, of methyl chloroformate (MCF) and propyl
chloroformate (PCF) leading to the formation of the corresponding carbonates were compared to obtain the
best derivatization reagent. The results obtained showed that, for the analytes derivatized with PCF, the mass
spectra gave more specific base peaks than the other two derivatizations tested. For this reason, a derivatization
with PCF in presence of pyridine and in a basic reaction environment was selected. Both derivatization reaction
and MAE extraction were optimized with the multivariate approach of “Experimental design”. The central
composite design (CCD) was used to optimize the volume of PCF, pyridine and derivatization time that were
setat 439 pL, 219 pL and 5 minutes respectively. For the optimization of MAE extraction, a screening design
was necessary, initially, due to the large number of significant variables. Among ramp time, hold time, water
pH and ethanol concentration only the last two significantly influence the response of the monitored analytes.
The best results in terms of chromatographic signal were obtained working at a water pH of 3 with an ethanol
concentration of 50%. The use of GC coupled with a triple quadrupole mass spectrometry allows to combine
the high separation efficiency of GC with a high selectivity and sensitivity of MS/MS. The signals were
acquired in selected reaction monitoring (SRM) mode that allows the achievement of high specificity by
selecting appropriate precursor—product ion couples.
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3. Conclusions

The present work demonstrates that the use of microwave-assisted extraction (MAE) is a good choice to
develop a green analytical method for the assessment of organic pollutants for monitoring purpose. The use of
sustainable extraction mixtures allowed to interface the MAE technique with the solid-phase microextraction
for the extraction of nitrophenols from indoor dust after a derivatization step, directly in aqueous extract, with
propyl chloroformate. The experimental design was used to optimize the parameters that can influence the
derivatization reaction and MAE extraction. The next step is to optimize SPME parameters and finally to
evaluate the analytical performance of the method.

Indoor dust MAE
Deri 1vat12at1011
L] - leactlon
[ .
SPME-GC-MS/MS MAE extract

Figure 1: Schematic representation of extraction and analysis method.
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1. Introduction

This research focused on the process of black crusts formation, an important degradation phenomenon that
affects much of the artistic heritage exposed outdoors. On this regard, heavy metals and carbon particles
present in polluted environment seem to be involved as catalysts in the sulphation process. In this context, the
present research work involved the exposure of Carrara marble samples treated with metal cation solutions in
climatic chambers. In the “corrosion chamber” proper amounts of sulphur dioxide and humidity were set up;
in the second chamber, xenon arc-UV radiation was supplied in order to simulate the sunlight irradiation
naturally falling on monumental stone during the day. Properly treated marble samples were settled inside the
chambers for assessing the catalytic action of metal cations commonly present in atmospheric particulate
matter (PM 2.5). The first experimentation campaign involved a single exposure in accelerated aging chambers
(4 weeks with high concentration of SO,) which highlighted the complexity of sulphation process [1].
Although some conclusive considerations could be drawn, no univocal evidence on the role of the catalysts
came out from this initial study.Therefore, we decided to carry out a second experimentation campaign (3
weeks, with a SO, concentration twenty-fold lower than the first one). The aim was to better discriminate the
catalytic role of individual metals.Herein we report the novel results from the second exposure campaign. This
research work is part of a broader interdepartmental project of the University of Milan, entitled SciCult.

2. Results and Discussion

In both the first and second exposure campaigns, the complexity of the sulphation process and the formation
of black crusts was highlighted. It was observed that some metal cations activate the catalytic process faster
than others. The different combinations of metal mixtures, with which some specimens were treated, show a
high synergistic effect in terms of gypsum formation (mainly in the last weeks). The formation of gypsum over
time affects the degradation of the stone substrate and this is higher for some specimens. Due to SO
concentration decrease, the sulphation process could be actually slow down and this allowed to distinguish the
catalytic action of the individual selected metals better than during the first campaign. The results obtained
using a stereomicroscope that almost all of the samples displayed the formation of gypsum crystals on the
surface from the first and the second week. In the third week, the samples developed small variations in the
formation of gypsum compared to the other weeks; in fact, compacted acicular crystals were observed that
originated concretions scattered heterogeneously on the analyzed surface. In particular, the most evident results
were obtained from the observations of the surface crystals performed by SEM-EDX. The analysis led to
characterize the crystalline dress of the gypsum; in fact, the following crystalline dresses could be recognized:
acicular, lamellar, swallowtail and rosette concretions. Colorimetric analysis, in terms of the change in AL*
(increase in brightness), displayed an increase in this coordinate, probably attributable to the formation of
gypsum. An increase in the AL* parameter was observed in all samples during the third week, ascribed to an
increase in white gypsum crystals on the surface (as observed by stereomicroscope investigations). From ionic
analysis is evident that all samples display high sulphate values as early as the first week. This seems to suggest
that the various metals used, individually or in a mixture, activate the formation of gypsum on the surface early
on. An increase in the concentrations of sulphate ions was observed in the last week of testing for some samples
(Cu?* and Cr®), suggesting that the catalytic effect of these metal cations may be long-lasting. A higher
concentration of sulphate ions was registered for samples treated with the M1 mixture and lower for M3
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differently from the first exposure campaign [1]. Under these new experimental conditions, the Fe** treated
samples seem to be the most catalytically active, compared to the first monitoring campaign. Also, for this
second exposure campaign, the samples treated with PM 2.5 show more sulphation than all the other samples.
Finally, the XRPD analysis was performed to identify the crystalline phases present in the different samples.
The results displayed that the powders have the mineralogical characteristics of calcium sulphate dihydrate
with the relative characteristic peaks and calcium carbonate with less intense peaks.

3. Conclusions

This study focuses on the sulphation process evaluation by heavy metal catalysts triggering the formation of
black crusts on marble samples inside climatic chambers. The ultimate aim of this research, in fact, is
enablingthe prediction of outdoor damage on artistic heritage by mathematical modeling presently underway.
The results so far achieved led to some important information on the sulphation process by metal catalysts
such as: some metal cations activate the sulphation late but their action is constant over time (metal cations
Cu?*, Cr*); a different catalytic action of the mixtures was observed (M1 more active, M3 less active); Fe3*
appears to be the most catalytically active, compared to a previous monitoring campaign [1]. This could be
attributed to the different experimental conditions, which were less harsh and more real; the most advanced
sulphation process was observed for the samples treated with PM 2.5.
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1. Introduction

The interactions between pigments and binders in painting layers are very relevant in the conservation of the
cultural heritage, because these interactions induce the formation of metal-ligand complexes involved in
degradation paths of the painted surface. These systems are usually characterized by optical (Raman, IR, etc.)
spectroscopies or by spectrometric methods (LC-MS, GC-MS, etc.). Notwithstanding many techniques have
been used in this field, a lack of understanding of painting layer formation and degradation is still present and
characterization of the involved chemical species is not yet complete. Recently, a hew spectroscopic tool has
gained relevance in the cultural heritage field: the Electronic Paramagnetic Resonance (EPR) spectroscopy.
This technique can give highly detailed information about magnetic species present in samples not
compromising them. This study aims at characterizing the species formed by mixing verdigris (copper acetate)
with many types of organic binders e.g., egg white, yolk, Arabic gum and rabbit glue by CW-EPR spectroscopy
in the X-band (~9.5 GHz).

2. Results and Discussion

Figure 1a presents the spectra of the samples obtained by mixing raw pigment (verdigris) with different organic
binders at a pigment/ligand ratio of 5% w/w. The spectrum is predominantly characterized by a prominent and
broad signal centered at 330 mT, indicating the presence of a monomer copper species. This signal exhibits
two distinct features: one in the lower field region (g parallel), displaying a quartet-type line shape, and the
other in the higher field region (g perpendicular). The quartet-type line shape arises from the coupling between
the unpaired electron and the nuclear spin of the copper nuclei, resulting in a signal with 21 + 1 lines (Icy = 3/2)
[1]. Importantly, this signal is not associated with the verdigris pigment itself. As depicted in Figure 1b, the
raw verdigris spectrum does not exhibit any signal around 330 mT. Instead, its spectrum is characterized by
three distinct signals: one centered at 600 mT in the g parallel region, one centered at 500 mT in the ¢
perpendicular region, and a broad signal in the 0 to 100 mT region, representing a forbidden transition only
allowed in the X-Band [2]. These characteristics strongly suggest the dimeric nature of the raw pigment. In
fact, verdigris consists of a bimetallic complex with two copper centers in a Da, Symmetry site bound by two
acetate groups at the molecular level. The spectra were simulated using Easy Spin to determine key magnetic
parameters such as the g-tensor, hyperfine couplings, and E and D values associated with the electron spin-
spin coupling in the dimer structure of the pigment. In the latter case, the values obtained are highly consistent
with those reported in previous literature [2]. According to Peisach and Blumberg [3], the number and nature
of the donor atoms in monomer copper complexes can be determined by plotting the g parallel against the A
parallel values. The calculated parameters were plotted accordingly. As expected, complexes with Arabic gum
as the binder exhibit a 40 coordination, while proteinaceous media show a mixed oxygen-nitrogen
coordination. However, due to the overlapping of the assignment regions, a systematic and precise
determination of the first coordination sphere is currently challenging. Further experiments are necessary to
obtain this information. To estimate the extraction efficiency of the different ligands, we propose using a
coefficient (EE) calculated as the ratio of the double integral of the monomer signal to the double integral of
the dimer signal. The double integral is proportional to the number of spins and, therefore, relative quantities
of the species. Figure 1c illustrates the EE for each considered ligand. The graph clearly indicates a substantial
difference between proteinaceous binder, mixed binders (yolk and egg white-yolk) and the oxygen-based
binder (Arabic gum): the proteinaceous media more readily form complexes than other binders do. Hence, if
the binder used is proteinaceous and the monomer complexes actually play a role in the degradation process,
a correlation can be inferred. The spectra were acquired at 80 K to enhance signal to noise ratio, revealing the
presence of several monomer species with the same ligand.
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3. Conclusions

The results are highly intriguing for the field of cultural heritage, shedding light on the significant potential of
the EPR technique in characterizing copper species. One notable observation is that the majority of the
mixtures exhibit signals indicating the presence of copper monomers in the spectra. This suggests a substantial
interaction between the pigments and the binders. It implies that the pigments are not merely dispersed within
the binder matrices, but rather a portion of them actually dissolves to form Cu(Il) complexes. Furthermore, it
is evident that protein binders play a role in inducing the formation of more monomer copper complexes due
to the chemical affinity between copper and nitrogen.

Magnetic Field (mT)

EE coaficont

Magnetic Field (mT)

Figure 1: a) samples CW-EPR spectra, b) raw verdigris CW-EPR spectrum and c¢) EE coefficient diagram.
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1. Introduction

Metal-contaminated environments are common in urbanized areas due to their proximity to emission sources.
Organisms that populate those spaces can accumulate metals and other elements present in their habitat, mainly
through ingestion and contact. In biomonitoring investigations, wild and domesticated mammals are frequently
used. Animals housed in zoos and aquariums, instead of wild ones, provide excellent opportunities to study
the potential of a particular species as bioindicator: living in limited areas, they are more likely to reflect the
environmental conditions of a specific zone, while knowing their habits it is possible to exclude sources of
contamination external to the environmental ones. The most commonly used methods are based on the
guantification of elements in kidneys, bones, and liver of the target species, but such methods require the
killing of the studied animals. (Lanocha et al., 2013) One possible alternative is to adopt non-invasive
approaches for measuring animal exposure, quantifying the element content in matrices that can be sampled
without harming the individuals under exam; in particular, fur and feces can be a good starting point for the
development of alternative protocols. (Ferrante et al., 2018)

2. Results and Discussion

The aim of this study is to test new non-invasive approaches for biomonitoring element content in the
environment using captivity Lemurs as a target animal. The investigated Lemurs are hosted in Zoom Biopark
(Cumiana, Italy) in an area named “Lemurs’ Island”, an artificial island surrounded by a lake in which animals
are free to move. The study was possible thanks to the collaboration with Fondazione Zoom, an institution
promoting research activities in the Biopark. The animals’ matrices chosen for the project were feces, fur, and
blood and the results obtained with the analysis of those samples were compared with the mineral element
content in other environmental compartments, namely water and soil.

For the characterization of the environment, four samples of water were collected from the lake around the
island, and soil was taken from seven points of the area to map the entire site, as shown in Figure 1. The
zookeepers collected the animal matrixess with appropriate protocols, taking care to distinguish the samples
from individuals of different species. The species included were four for the feces collection (Eulemur mongoz,
Eulemur rubriventer, Lemur catta, Eulemur macaco) and only two for the fur samples because of the
sensitivity of some individuals (Lemur catta, Eulemur macaco). Samples were pretreated differently based on
their nature and then analyzed. After a pretreatment phase, soil, fur, and feces samples were mineralized with
an appropriate acid solution by a microwave laboratory unit, while water samples were filtered with a filter at
0.45 um, and 10% HNO was added to the solution to stabilize the analytes. Then, total analyte concentrations
in the solutions so obtained were determined by Inductively Coupled Plasma — Optical Emission Spectroscopy
(ICP-OES) or inductively coupled plasma-mass spectrometry (ICP-MS) based on their concentration range.
Thirty-four elements were taken into consideration (Al, As, Ba, Ca, Ce, Cr, Cu, Fe, K, Mg, Mn, Na, Ni, P, Pb,
Ti, V, Zn, Cd, Dy, Er, Eu, Gd, Ho, La, Lu, Nd, Pr, Sc, Sr, Th, Tm, Y, Yb). The results obtained were processed
with chemometric techniques, such as principal component analysis (PCA) and hierarchical cluster analysis
(HCA), to understand the relationship between the environmental samples and the animal matrixes.

3. Conclusions

XX Congresso della Divisione di Chimica dell’Ambiente e dei Beni Culturali, 28 Settembre-01 Ottobre, 2023. Ischia. 55



ﬁ\ OP17

Societd Chimica taliana

Divisione di Chimica
Ambiente e Beni Culfurali

Multivariate analysis of the data made it possible to understand the relationships between the concentrations
of the various elements in environmental compartments and animal matrices. The results highlighted the
potential of using lemur feces and fur as bioindicators of element content in animal habitat, helping us to
understand which matrix is best suited for the purpose. Biomonitoring studies can be used to identify polluted
areas and to compare the conditions of different sites. In addition, the data collected will be helpful to detect
nutrient deficiencies or potentially toxic metal accumulation in the investigated animals and take remedies,
thus protecting their well-being,

In the next stages, analytes will also be quantified in Lemurs hosted in a botanic and zoologic park in
Antananarivo, Madagascar. This new dataset will allow us to consolidate the results obtained from the data
analysis carried out in Italy and detect the differences between the two geographical areas under study.
Furthermore, blood samples of lemur specimens from the Italian park will also be collected and analyzed to
compare another matrix type with those already under examination.

7°2513°E

Figure 1 Aerial view of the Lemur Island, showing water (blue) and soil (red) sampling points.
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1. Introduction

Arsenic is a toxic metalloid that is ubiquitous in the environment due to its natural occurrence in the Earth’s
crust. It is reported that 1/60 people worldwide live in areas where the groundwater As contamination exceeds
5 times the recommended threshold value for drinking water. This is the case of the Rio Jachal valley
(Argentina), where As-contaminated groundwater is used for irrigation of grapevine and onion cultivations.
Arsenic toxicity strongly depends on its speciation, which affects its solubility, bioavailability, uptake and
transport pathways, and also the detoxification strategies enacted by the plant. However, plant As-tolerance
can be improved by various amendments, among which the inoculation with plant growth promoting
rhizobacteria (PGPR) is very promising!,

In this work, we evaluated the effect of PGPR inoculation on arsenic uptake, accumulation, translocation and
speciation in grapevine plants.

2. Results and Discussion

We compared As total concentrations, distribution and speciation in plantlets of grapevine grown in-vitro and
subjected to four different treatments: As-only, PGPR-only, As+PGPR, control. Plantlets were grown for 40
days, and then dissected into leaves, stems and roots. Total As concentrations in the selected tissues were
determined by Inductively Coupled Plasma - tandem Mass Spectrometry (ICP-MS/MS) after acid digestion.
As speciation was investigated by synchrotron-based X-ray absorption spectroscopy (XAS) at the LISA
beamline (BMO08) of the European Synchrotron Radiation Facility (ESRF).

Plants inoculated with PGPR showed higher As-tolerance and lower total As concentrations. However, they
also show a different translocation and accumulation pattern from roots to aboveground biomass. Arsenic
speciation inside the plant tissues is also affected by inoculation.

3. Conclusions
The inoculation with PGPR improves the plant’s As tolerance, however it seems to promote translocation and
speciation changes that might pose a threat for food safety.
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1. Introduction

The world population growth brought to an increasing food demand and to a consequent higher concern related
to the environmental burdens connected to the food sector!. Accordingly, many studies aimed at estimating
the environmental impacts associated to the food supply chain, but most of the existing developed indicators
limited the problem only to the climate change, while it is well-known that the food sector may extend its
influence on a wider spectrum of environmental categories?. In addition, it has been noticed a divergence
between the ethical sensitivity of consumers and the real environmental sustainability of their choices, in part
due to the absence of exhaustive and widely accepted assessment schemes®. In this work, the Life Cycle
Assessment (LCA) was applied to a list of 1001 recipes (LoR) for a food canteen, prepared with more than
150 ingredients by the company CAMST Soc. Coop. a r.I. The purpose was to develop a comprehensive
environmental indicator (food canteen environmental indicator, FCEI), including in the evaluation all the
environmental categories showing a significant contribution to the overall impact (single score) calculated
with the ReCiPe 2016 method*.

2. Results and Discussion

Among the 18 categories considered by the ReCiPe 2016 impact assessment method, five -identified in global
warming (GWP), particulate matter formation (PMFP), land occupation (LOP), human non-carcinogenic
toxicity (HTPnc) and water consumption (WCP)- contribute together to at least the 86% of the single score of
each single dish of the examined LoR. Accordingly, a new single score based on the five selected categories
(5-SS) was calculated. Since the obtained values of the 5-SS were not found to be normally distributed, results
were first log-transformed and then scaled between an interval of 0 and 10, in order to establish an intuitive
and circumscribed evaluation limit. Then, the contribution of the 150 ingredients on the LoR was estimated
under three macro perspectives: mass, GWP impact and FCEI impact. The mass perspective indicates that the
LoR contains a fairly balanced amount of ingredients (first column, Figure 1), pointing out a remarkable
diversification of the menu in the examined canteen, since no ingredients contribute for more than the 5.5% of
the total. However, despite the quite homogeneous employment of ingredients, moving from the mass
perspective to the GWP and FCEI perspectives, it is evident how the environmental impacts are mainly related
to meat-based and fish-based recipes (77% for GWP and 73% for FCEI), attributing to the vegetarian and
vegan alternatives a lower responsibility to the whole impacts observed (second and third column of Figure
1), even if the latters are present for the 41% in mass. According to Figure 1, the main contribution to the GWP
and FCEI environmental impacts is mainly due to few animal derivatives courses, dominated by beef meat and
pork meat. However, even if GWP and FCEI elaborations present some common aspects, the adoption of the
FCEI allows to capture some information which are neglected in GWP-based indicators. In particular, if meat-
based dishes represent the 42% of the entire LoR in case of GWP, when adopting FCEI, their overall
contribution is reduced to the 35%. Accordingly, the main percentage of FCEI is instead attributed to fish,
raising from 31% (GWP) to 43%. Such variation demonstrated the relevance of the four additional selected
categories for a final and comprehensive evaluation, proving that GWP-based indicators provide to the
consumer only a partial representation of the issue. Of relevance here, when addressing food sustainability by
removing or substituting critical ingredients from a menu, the adoption of the FCEI allows to support choices
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in a more correct way: : for instance, with the FCEI it is possible to include in the evaluation the effect on
PMFP of fish-based products and the effect on HTPnc and WCP of dried fruit, discouraging, in the first case,
the substitution of veal or dry ham with cod, which ranked as third worst option, and, in the second case, the
substitution of pork meat with almonds (tenth worst option).

3. Conclusions

Some outcomes can be summarized as follows: i) the selection of 5 categories on which the FCEI in elaborated,
allows both to provide the consumer with a synthetic, easily comprehensible, transparent and the same
exhaustive information; ii) despite, in the case of GWP, meat-based foods were the main impacting items,
when considering the FCEI, fish-based products dramatically increase their relevance; iii) FCEI is adaptable
to every existing LoR and can be implemented in several catering context, by only revising the scaling step.
Overall, the LCA methodology, demonstrated to be an essential tool for the evaluation of the environmental
impacts of products and a promising option onto which develop metrics aimed at facilitating the interface
between the consumer and the industry.

Mass GWP FCEI
Pork meat 5,5% Beef meat 24,9% Beef meat 17,6%
Fresh tomato 5,2% Pork meat 16,8% Pork meat 16,1%
Dried pasta 5,1% Mozzarella 8,2% Chicken meat 7,4%
Wheat flour 5,1% Chicken meat 7,0% Cod 6,2%
Mozzarella 4,7% Hard cheese 4,4% Mozzarella 6,2%
Chicken meat 4,2% Dry ham 4,2% Squid 4,4%
Lettuce 3,1% Cod 3,5% Dry ham 3,8%
Potato 3,0% Soft cheese 3,2% Dried pasta 3,6%
Beef meat 2,5% Eggplant 3,0% Hard cheese 3,3%
Tomato sauce 2,4% Veal 2,6% Tuna 2,4%
Hard cheese 2,2% Squid 2,5% Hard cheese 2,4%
Others 57,0% Others 19,7% Others 26,6%

Figure 1: Ingredient contribution on the total LoR per mass, GWP and FCEI
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R. Mazzeo*!, G. Sciutto?, S. Pratit

YUniversity of Bologna, Department of Chemistry “G. Ciamician”, Microchemistry and Microscopy Art
Diagnostic Laboratory (M2ADL), Via G. Guaccimanni, 48100 Ravenna (ltaly)

rocco.mazzeo@unibo.it

1. Introduction

IPERION HS project (Integrated Platforms for the European Research Infrastructure ON Heritage Science is
a consortium of 24 partners from 23 countries that contributes, together with E-RIHS Implementation Phase
project, to establishing a permanent European Research Infrastructure on Heritage Science (E-RIHS ERIC).

2. Results and Discussion

This lecture will provide with the overview of the IPERION HS/E-RIHS services with particular reference to
the #HSAcademy training activities and access to a wide range of high-level scientific instruments,
methodologies, data, and tools for advancing knowledge and innovation in heritage science. The aim of this
lecture is to explain how researchers can benefit from the access to such expertise, facilities, and knowledge
(#HS Academy and ARCHLAB, FIXLAB, MOLAB) offered, in the near future, by the E-RIHS ERIC.

3. Conclusions

In particular, the 2" IPERION HS Doctoral Summer School (HS-DSS) is aimed at providing examples of
excellence in heritage science in the environmental impact on built heritage ad its digitalization. The HS-DSS
comprises four full days of lectures, during which participants will become acquainted with the
multidisciplinary skills of the IPERION HS consortium and knowledge accumulated by the partners. Issues
such as materials and procedures for low environmental impacts, new methods for preservation of buildings
and structures, digitalization and social and economical impacts will be presented and discussed. Lectures and
study tours will be adapted to an interdisciplinary platea of learners by focusing more on problem solving than
on the specific adopted scientific methods/techniques.

HSAcademy

2nd Doctoral Summer School
17-21 July 2023
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IPERION HS 2nd Doctoral Summer School “Environmental impact on built heritage and its digitalization”
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1. Introduction

Sex and age estimation is one of the most fundamental steps in mortuary studies and bioarchaeology. It is
essential for a deeper understanding of ancient societies, and has wide applications in gender archaeology. The
aim of this paper is to create a new and reliable protocol for unambiguous sex determination of the deceased,
comparing proteomic analyses, archaeological evidence, and anthropological data from a Greek Hellenistic-
Republican cemetery located in Reggio Calabria (the ancient Rhegion), as well as the first approach to
determine the age of the deceased by Raman spectroscopy in archaeology. Excavations carried out in the San
Giorgio Extra district by the Superintendence for the Archaeological Heritage of Calabria between 2004 and
2007, led to the discovery of the most significant Hellenistic cemetery in the city, specifically, thirty Greek
inhumation burials and their related funerary objects. We provided a brief overview of the material
assemblages discovered of the twelve Hellenistic-Republican burials that we choose for analysis and also
attempted to infer the biological sex of the deceased based solely on their gender, which was derived from
archaeological evidence.

2. Results and Discussion

We altered the typical research approach by starting with the definite data obtained from the results of the
proteomic analysis. Subsequently, by comparing these data with the assumptions made by archaeological and
osteological examination, we examined the agreements and disagreements in sex estimations between each
method, both in terms of definitive and conditional estimates. This postdictive approach can be regarded as a
validation test of the archaeological theories related to our specific site and material evidence [1]. It is important
to note that this analysis was conducted on a limited sample of cases, which we believe is still valuable to
highlight certain trends and tendencies. Despite the inherent numerical limitations, our analysis serves as a
model for future researchers who wish to apply theoretical assumptions, either to confirm or refute our
conclusions [2]. Through proteomic analyses, we monitored a total of eight characteristic peptides for the
amelogenin isoform variants AMELX and AMELY from the dental enamel of twelve selected adult
individuals. The presence or absence of the AMELY variant (exclusively present in male subjects, being
encoded by the Y gene) allowed us to determine the sex of the analyzed individuals with high accuracy. Raman
spectroscopy was also applied to study the enamel and dentine’s crystallinity to determine other environmental
and biological parameters. At the same time, archaeological studies based on artifacts discovered inside the
graves and double-blind bio-anthropological sex estimation of the twelve subjects were performed in order to
compare these evaluations with data from the proteomic analyses. Comparison between these different
approaches produced congruent results. In addition, proteomic analysis allowed us to establish the sex of four
poorly preserved subjects for whom sex estimation was somewhat doubtful, as well as that of one undetermined
individual. Finally, proteomic results were produced here with a faster protocol than those found in the
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literature [3] and are potentially down-scalable to much lower sample amounts. However, it is important to
note that only 12 out of 30 graves contained teeth with sufficient enamel for analysis, which constrained the
application of proteomic techniques. On the other hand, archaeological evidence was available for 28 out of
30 tombs, but as previously mentioned, only a small portion of the funerary assemblages provided specific
indications regarding the possible biological sex of the deceased, which was essentially assumed based on the
gender of the artifacts included in the burials. However, the findings of this study demonstrate disparities in
Raman spectroscopy results between archaeological retrieved teeth and recently explanted ones, specifically
indicating minimal presence of residual collagen in the former. This variation in collagen content can be
attributed to disparate environmental conditions that the teeth have encountered throughout their exposure
period, and even dentin, which is usually not directly exposed to the environment, was degraded to the point
that spectroscopic markers associated with collagenous tissues were barely detectable. By evaluating the
overall quantity of carbonate apatite, particularly the level of A-substituted apatite, it was feasible to estimate
that three individuals were significantly younger than the others, while four were potentially much older. All
individuals, however, had reached skeletal maturity, which is indispensable to accurately assess biological sex

[4].

3. Conclusions

Proteomic analyses have provided us with more reliable determinations of biological sex for all twelve
individuals, overcoming the limitations of morphological approaches that may have produced unreliable
results. The integration of osteological, archaeological, Raman, and proteomic data yielded highly confident
estimations of demographic composition for the discussed burials. Accurate sex estimation holds a pivotal role
in archaeological theories, and our holistic approach minimizes the occurrence of "indeterminate"
classifications, a bias that often arises and limits archaeological interpretations. It is our hope that this
pioneering research stimulates further discourse among archaeologists, chemists, biological anthropologists,
and scientists in general.
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1. Introduction

Ancient biominerals represent potential time capsules for endogenous organic matter, locked into biogenic
crystals during biomineralization processes surviving over time (1). Highly mineralized tooth enamel allows
the long-term preservation of peptides and free amino acids (AAs), entrapped at the end of enamel
mineralization. Whether primary AAs in fossils are preserved well enough to allow isotope and paleoproteomic
analyses is still unclear. Indeed, protein preservation depends on different factors such as temperature,
sediment, and matrix (2).

Here we explored how long back in time total hydrolysable amino acids (THAAS) could survive in fossil
enamel, opening new research avenues for phylogenetic and ecological reconstructions of evolutionary
processes back in deep time.

To characterize the AAs composition and its variation over time in enamel, modern and fossil samples (=1 mg
of powder) of different herbivorous large mammal taxa (Equidae, Rhinocerotidae, Proboscidea) back to ~48
Ma have been analyzed through High-Pressure Liquid chromatography (HPLC) with a Diode Array Detector
(DAD) using an Agilent AdvanceBio AAA LC column at the Max Planck Institute for Chemistry in Mainz.

2. Results and Discussion

The modern dataset includes enamel from 16 different large and small mammal taxa with different herbivorous
and carnivorous diets to evaluate the impact of species and diets on AAs distribution. No significant difference
in AA composition can be detected between the different species in this modern set, suggesting that taxonomy
(at least among mammals) does not greatly affect the relative AAs abundance.

Modern tooth samples are essential to quantify potential changes in enamel AAs content and their relative
abundances compared to fossil teeth through time. To minimize any phylogenetic effects fossil teeth of
Proboscidea, Rhinocerotidae, and Equidae from different taphonomic settings (fluvial, limnic, carstic,
permafrost, coal and peat deposits) have been compared with modern samples from the same taxonomic
groups. All the large mammal species considered in this study revealed a strong decrease in the overall enamel
AA abundance in the first 10 million years (down to one-third of the modern AA content), indicating that
diagenetic alterations of AAs in enamel occur relatively early after burial.

To evaluate the changes of each AA more in-depth, their relative abundance with time for each taxonomic
group was investigated separately through linear models (Figure). Despite the changes in absolute abundance,
the results obtained in this study provided evidence that Rhinocerotidae and especially Equidae relative AA
abundances overall change little throughout geological time with increasing age. Compared to Equidae, AAs
of fossil Proboscidean enamel seems to be overall strongly affected by diagenesis over time, although the
relative AAs content is similar to that of modern samples, thus indicating good preservation of the endogenous
organic fraction, but worse than for the other two taxa. Some AAs revealed different responses to taphonomic
alteration processes in the different species: Gly in Proboscidean (-0.347), Ser and Thr in Equidae (-0.126, -
0.039) and Rhinocerotidae (-0.065, -0.035), and Pro in Equidae (-0.197) slope values decrease. AAs with a
hydrophobic side chain were the ones best preserved in all the species (i.e. low or null linear slopes over time)
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(Figure), while the hydrophilic ones showed remarkable variations. Differences in some AAs were detected
through time in the three species. In particular, Gly showed a slope close to 0 in Equidae and Rhinocerotidae
as expected due to its relative stability. However, Gly showed a negative slope in Proboscidea, which could
suggest a decarboxylation reaction (4).

We used the ratio between Meth (positive slope) and Gly (close to null slope AA) as an alteration index to
evaluate the AA preservation over time in all the species. Indeed, Meth has been demonstrated to be preserved
in archeological bones (4), differently from other AAs which overall decrease. The threshold established
(Meth/Gly =0.22) was referred to the maximum ratio obtained considering all the modern specimens. This
ratio represents a threshold which is surpassed by a relatively high concentration of Meth that accumulates
during diagenesis, while the other AAs (on average) degrade. The data demonstrated that Equidae and
Rhinocerotidae Meth/Gly values were within (or close to) the modern range, revealing better preservation than
for Proboscidea, which showed an increasing Meth/Gly ratio going back in time.

3. Conclusions

Despite the slight variations in relative AAs abundance in fossil teeth of different large mammal taxa, the
results seem to indicate the preservation of the intra-crystalline organic fraction in tooth enamel at least up to
48 Ma. This demonstrates that enamel is a robust, highly mineralized and crystalline Ca-phosphate hard tissue
in which potentially endogenous peptides, organic matter and ultimately AAs could be trapped and preserved
at least in Cenozoic fossil mammal teeth and which can be used for paleoproteomics and isotope analyses.
Moreover, it was possible to define a threshold of Meth/Gly derived from modern enamel samples, which can
be used as a first screening tool to assess the degree of AA preservation in enamel of fossil teeth.
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1. Introduction

The effects of chemical and physical pollutants, in addition to bad lifestyles, represent the most important
threat to public health and the dramatic decline in fertility, especially in males. Even if pollution is widespread,
there are areas of the same country or same region with high environmental and health criticalities. The
EcoFoodFertility project is a human biomonitoring study, which started from “Land of Fires”, an area in the
Campania region (ltaly), that has been plagued by significant environmental pollution issues for several
decades. This project has omics multidisciplinary approach involving environment, lifestyle and diet, with two
aims: i) developing a better understanding of the effects of environmental pollutants on human health
considering reproductive biomarkers, especially human semen, as early flags of environmental pressure and
enhanced risk of chronic adverse effects on health; ii) identifying dietary, nutraceutical and/or functional food
approaches to reduce or modulate the effects of pollutants on human health. Currently, the project is in progress
with a nationwide network of action in other environmentally-challenged areas of Italy.

2. Results and Discussion

The overarching aim of the project is to create a new tool for environmental health research to compare and
integrate environmental monitoring, data from questionnaires and recently also using personal devices,
biomonitoring, omics analyses and data science to identify relevant exposures to environmental contaminants
in traditional biological monitoring matrices, blood, urine, and in highly environmental sensitive body fluid,
semen, in order to study the pollutant determinants and elucidate the biological pathways and molecular actions
through which they might contribute to the development of non-communicable diseases and impact on male
gametogenesis. The project relies on a wide series of analyses (contaminants, oxidative, immunological,
genetic, epigenetic, proteomic, lipidomic, metabolomic and other omics biomarkers) in cohorts of healthy
young males homogeneous for lifestyles, living in areas with different environmental pressure on different
biological matrices, identifying, in particular, human semen as an early and sensitive indicator of
environmental exposure and health status (Human Semen “Sentinel” of Environmental and General Health).

STEP1 Fertility biomarkers
identification

major
- Infertility pollutants

.’ — identification

MAN

RECOVERY
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intollerance, chronic stress,
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Outline of the methodological approach applied in the EcoFoodFertility project.

In our biomonitoring studies more significant differences in accumulated pollutants were observed in semen
than in blood, especially in heavy metals and some exogenous and endogenous volatile organic compounds
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(VOCs). In addition, it has been observed a reduced total antioxidant capacity in samples from geographical
areas with a high environmental impact, more evident in seminal plasma than in blood. Moreover, macro and
trace elements in human semen and blood serum in highly polluted areas in Italy underline how semen is more
sensitive than blood to accumulating pollutants. The sperm DNA fragmentation index (DFI) was also found to
be higher in men living in more polluted areas, in the same way an alteration in the length of telomeres was
observed in men living in polluted areas, and these differences appeared more significant in human
spermatozoa rather than in blood lymphocytes. Semen analysis is a crucial tool for assessing male fertility and
reproductive health, and alterations in semen parameters can provide insights into the impact of environmental
pollutants. Research conducted in the Land of Fires and other regions (facing similar pollution issues) has
suggested potential associations between exposure to environmental pollutants and adverse effects on semen
quality. We have also observed a decreased sperm count, reduced sperm motility, abnormal sperm
morphology, increased DNA sperm damage and altered sperm hystone/protamin ratio in men exposed to
environmental pollution. The toxic substances can directly or indirectly affect male reproductive health. For
example, heavy metals such as lead, cadmium, and mercury have been associated with decreased sperm quality
and impaired fertility. These metals can accumulate in the testes and disrupt the normal functioning of sperm
cells. Additionally, exposure to dioxins and furans, which are persistent organic pollutants, has been linked to
reduced sperm quality and altered hormone levels.

Recently, we have also investigated the presence of microplastics in semen and urine samples and obtained
interesting results. These types of pollutants have been gaining increasing interest in the last few years and
deserve further attention.

3. Conclusions

A set of semen biomarkers is described for reproductive health effects in relation to environmental exposure.
Environmental health should consider reproductive health and development, from intrauterine life to childhood
and puberty: these are both vulnerable targets and high-value protection goals, in as much as they represent
the future of our societies. Hence, biomarkers of reproductive health should be exploited as early signals of
environmental pressure and increased risk of adverse chronic health effects so that the use of “human seminal
model” might be the main objective to be considered in the agenda of public prevention policies for early
detection and innovative programs of health surveillance in environmental risk areas.
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1. Introduction

In the last years, the number of studies on microplastic (MP) pollution has grown quickly due to the potential
risks to human health associated with human exposure. The term microplastic is used to indicate plastic
particles with a diameter lower than 5 mm. Based on their origin, microplastics can be classified as primary
(intentionally manufactured particles) or secondary (derived from the deterioration of larger plastics) [1].
Microplastics reach the environment through various routes such as improper disposal of plastic waste,
industrial and domestic discharge, atmospheric transport, wet and dry deposition, use of sewage sludge and
plastic mulching in agricultural land. High microplastic concentrations were detected in all environmental
matrices suggesting issues for human health. The human body's exposure to microplastics occurs through
ingestion (seafood, drinking water and fruits), inhalation and dermal contact [2]. The present work is a
preliminary study to assess the presence of MPs in particular human fluids such as urine and semen and to
understand the evolution of MPs after the intake process and their possible accumulation in the human body.
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Outline of the study.

2. Results and Discussion

Recent studies related to the presence of microplastics in the environment have highlighted the contamination
of water, food, and soil, and, hence, it is not surprising to detect these pollutants in human samples, too. In the
present study, urine and semen samples collected from volunteers coming from different cities in the south of
Italy, have been investigated by Raman Microspectroscopy to highlight the presence of microplastics. In
addition to the above-described semen and urine samples, environmental and procedural blanks were also
analyzed to rule out any possible contamination during the analysis, and no MPs were found. Microplastics in
urine samples ranged from 4 to 15pum, while smaller fragments (2—6 pum) have been found in semen. As regards
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the chemical composition, the most common polymers present in daily life were found, including
polypropylene (PP), polystyrene (PS), polyethylene terephthalate (PET), polyethylene (PE),
polyoxymethylene (POM), polyvinylchloride (PVC), polycarbonate (PC) and polyvinyl alcohol (PVA).
Moreover, we found a small but still noticeable relationship between MPs presence and the semen quality of
participants, though we are aware that a higher sample size needs to be analyzed for a statistical correlation.
Although it is possible to assimilate MPs to other various environmental pollutants and infer their toxicological
impact on male fertility, this is the first study on this topic, so the observation of the relationship between MPs
and sperm quality deserves further investigation.

3. Conclusions

The accumulation of MPs increases stress on human safety and health. In this preliminary study, for the first
time, we assessed the presence of MPs in urine and semen samples collected from volunteers coming from
different cities in the south of Italy. Raman microspectroscopy was efficiently used to identify the polymeric
matrices, allowing the detection of PVA, PVC, PP, and PE fragments (4-15 um) in urine samples and PE, PP,
PS, PET, PVC, PC and POM (2-6 um) in semen samples.

We believe that the scientific research should focus on new methodologies and analytical protocols able to
evaluate the effects of MPs in humans and animals, to better characterize the level of risk and to understand
the possible transportation routes in biological fluids and tissues.
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1. Introduction

Microplastic (MP) pollution is acknowledged as an environmental and social issue. Nowadays an increasingly
large number of studies is focused on detect MPs in environmental matrices, and different analytical techniques
are currently applied and optimized for this purpose. When approaching MP analysis in environmental samples
by analytical pyrolysis-based techniques (pyrolysis-gas chromatography-mass spectrometry, Py-GC-MS),
sample pretreatment is crucial, and it frequently requires time-consuming steps. Sample preparation usually
consists of subsequent purification steps such as physical separation, digestion, removal of organic interferents,
and extraction prior to the actual analysis, with the aim of isolating MPs from the undesired organic and
inorganic fractions of the matrix.

In this work, we evaluated the interference of inorganic and organic matrix components on the quantitation of
synthetic polymers by Py-GC-MS. Marine sediment samples were taken as matrix and subjected to a multi-
step sample preparation procedure which included pre-oxidation with H.O., density separation with aqueous
ZnCls, buffered multi-enzymatic digestion, and catalyzed Fenton oxidation(Figure) [1].

2. Results and Discussion

Marine sediments are very complex environmental matrix, consisting of different organic and inorganic
components that could interfere in the analysis of MPs. Sediments were subjected to the sample preparation
(Figure) and the three fractions obtained (the inorganic fraction, the untreated organic fraction, and the fully
treated organic fraction) were used to evaluate matrix effect in the analysis of MPs. Moreover, two sets of
these fractions were distinguished, by either performing or skipping the initial H-O- pre-oxidation step. All
matrices were obtained in triplicates for a total of eighteen samples. The matrix fractions were then spiked
with six, previously milled, reference polymers: polyethylene (PE), polypropylene (PP), polystyrene (PS),
polyethylene terephthalate (PET), nylon-6,6 (Ny-6,6), and polyurethane (PU). Literature studies have reported
that polycondensation polymers interact with each other during the pyrolysis step [2]. Therefore, in order to
assess and study only the interference coming from the different components of the matrix, not all the polymers
were added together in the same pyrolysis cup prior the actual analysis. In-matrix calibration curves were built
by analysing the samples by Py-GC-MS, selecting a characteristic pyrolysis product for each polymer [3], and
integrating the corresponding peak through the extracted ion chromatogram (EIC) of the chosen m/z. By
definition, matrix effect is a change in the sensitivity of the analytical method, which is represented by the
slope of the calibration curve. Therefore, the slopes of internal calibration curves were compared with the
slopes of external calibration curves by statistical tests to assess the occurrence of matrix effect.

All curves were obtained with good fitting parameters for the majority of the polymers analysed (r2 > 0.87). In
general, polyolefins were less affected by the presence of the matrix fractions compared to polycondensation
polymers. PU and PET underwent quantitative and partial hydrolysis, respectively, when pyrolyzed together
with the matrix. This made it difficult to evaluate the matrix effects, requiring the necessity of choosing, if
possible, different m/z quantification ions, from the ones used in the literature. Another very interesting effect
was not only the confirmation of matrix effect for all the polymers due to the inorganic matrix, but also the
fact that all the internal calibration curves built with the inorganic fractions showed higher slope values
compared to the respective external calibration ones, suggesting some sort of catalytic effect promoted by the
inorganic components of the sediments.
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3. Conclusions

The results of this study helped to evaluate the effect of different steps of the pretreatment, when approaching
MPs analysis of marine sediment samples by Py-GC-MS, and to obtain a better understanding of matrix effects
in different environmental samples. Optimization of such sample pretreatment steps and evaluation of their
actual necessity for the different environmental matrices has great potential to lead to significant improvements
in MP analysis, by reducing the amount of time and reagents required.

This study was supported by the North Atlantic Microplastic Centre (NAMC, https://namc.no/), a research
consortium coordinated by NORCE (Norway) of which the University of Pisa and Aalborg University are

partners.
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Figure. Sample preparation protocol applied to marine sediment samples.
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1. Introduction

The presence and potential risks of nanoplastics (particles with sizes smaller than 1 um) in the environment
have raised serious concerns regarding their transfer from the environment into food webs. However,
accurately measuring nanoplastics in complex matrices such as soil and organisms has been challenging due
to the limitations of existing analytical methods. In this study, we present a novel approach that utilizes rare
elements as tracers to investigate the uptake and biodistribution of nanoplastics in lettuce and their subsequent
transfer to insects and from insect to fish. The objective of this study was to reveal how the variation in the
chemical composition of nanoplastics modulates: (a) the particle uptake by plants from the soil, (b) their
transfer in food chains, and (c) their possible accumulation and biodistribution in predators. We used 250 nm
PVC and PS particles as our model nanoplastics. A rare element, gadolinium (Gd) was entrapped in the matrix
of the nanoplastics and used as a proxy for tackling the challenges associated with tracking and quantification
of particles in organisms' bodies [1].

2. Results and Discussion

Our research findings provide new insights into the impact of chemical composition on the uptake,
biodistribution, and transfer of nanoplastics in lettuce, insects, and fish. We observed that the chemical
composition of the nanoplastics significantly influences their uptake and distribution within lettuce plants, as
well as their subsequent transfer to insects and fish. Interestingly, our results show that regardless of exposure
to clean feed after consuming treated lettuce, nanoplastics tend to accumulate in the digestive systems of
insects. This suggests that once ingested, the nanoplastics persist within the insect's physiological system,
potentially posing long-term risks. Furthermore, we found that the distribution pattern of nanoplastics in fish
is also influenced by their chemical composition, indicating a complex interaction between nanoplastic
properties and biological systems.

Crucially, our study demonstrates that no release of gadolinium (Gd), the tracer element, was observed from
the particles during biotransformation processes that occurred within both plants and insects. This finding
highlights the stability of nanoplastics within the organisms' physiological medium, suggesting that the
particles retain their integrity.

These findings have significant implications for understanding the potential risks associated with nanoplastic
pollution in ecosystems and the subsequent transfer to higher trophic levels, including fish that are part of
human food chains. The stability of nanoplastics within organisms indicates a potential for bioaccumulation,
raising concerns about long-term exposure and potential adverse effects on both wildlife and human health.
Overall, our study underscores the urgent need for further research to assess the broader ecological and human
health impacts of nanoplastic pollution.

3. Conclusions

Our findings indicate that lettuce plants are capable of taking up nanoplastic particles from the soil, which can
subsequently enter the food chain. This highlights a potential health risk to herbivores and humans, assuming
these results are applicable to other plant species, crops, and real-world field conditions. Different types of
plastic exhibit distinct behaviors and fates within organisms and food webs. Consequently, data generated for
one type of nanoplastics, such as PS commonly studied plastic-related research, cannot be directly extrapolated
to other types of plastics. The methodology developed in our study provides a valuable approach for studying
the bioaccumulation and trophic transfer of nanoplastics across different food webs, thereby contributing to a
better understanding of the risks associated with these persistent materials in the environment.
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SEM images showing the presence of PS and PVC nanoplastics in the root and leaves of the lettuces. The red arrows
highlight the positions of some of the particles inside the plants, as examples.
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1. Introduction

Recently, plastics materials have gained a crucial role in the everyday life. Once their life cycle is over, they
are released into the environment, contaminating soil and water. Due to various environmental processes,
plastics can be transformed into smaller sizes. Microplastics (MPs) are tiny particles of plastic with a diameter
of less than 5 mm. Microplastic contamination is common in aquatic ecosystems. MPs can be easily absorbed
by many aquatic species and consequently absorbed by humans along the trophic chain. MPs have been shown
to release toxic monomers and additives, resulting in cancer issues and reproductive abnormalities. From an
environmental point of view, the type of plastic considered most dangerous is polystyrene (PS) due to its
dangerous genotoxicity®. In recent years, electrochemical oxidation (EO), belonging to the class of advanced
oxidation processes (AOPs), has been developed for the degradation of MPs from water2. This process is
environmentally friendly as it could degrade organic contaminants into nontoxic molecules like water (H20)
and carbon dioxide (CO,) without addition of chemicals.

2. Results and Discussion

The effects of several operational parameters, such as electrolyte composition, electrolyte concentration and
current intensity on the EO of a solution of PS (size 1 um) monodispersed in water (25 mg L), were
investigated. The experiments were carried out in lab-scale reactor (250 mL), by means of two BDD electrodes
(100 x 50 mm). Fig. 1A shows the impact of different electrolytes on the degradation of PS in terms of TOC
removal %. As can be seen, a higher PS degradation efficiency (62.2 %) was obtained when Na,SO4 was used,
rather than NaCl and NaNOs. The presence of Na,SO4 as electrolyte can lead to the formation of strong
oxidative species, such as SO4 - and S;0s%*, which are capable to indirectly oxidize the PS molecules in
solution?. Conversely, the use of NaCl leads to the formation of chlorine (Cl,), hypochlorous acid (HCIO),
hypochlorite ion (CIO") which own a lower oxidative power than the sulphate species, results in a lower
percentage of degradation (40.5 %). When NaNOs is present in solution, no oxidizing species can be generated
in solution, involving that the degradation of PS can be ascribed only to direct oxidation (24.8 %).

Fig. 1B depicts the impact of Na2SO4 concentration on the process. The findings clearly indicate that the higher
the salt concentration, the lower the PS removal. As reported previously by several authors, the increase of the
sulphate concentration usually generates a positive effect on the degradation efficiency, but this happens up to
an inhibition point, called optimal dose, starting from which the contaminant removal efficiency decreases. In
fact, operating at high sulphate concentrations, like the experimental conditions investigated, a reduction of
PS removal occurred due to parasitic side reactions and self-combination of radicals®. Moreover, high sulfate
concentrations can block the anode surface, affecting the performances of the process®. The influence of the
applied current intensity on the PS degradation process was shown in Fig. 1C. The PS removal efficiency
increased by increasing the current intensity, in the experimental range between 0.1 and 0.5 A. The increase
of current intensity leads to a greater presence of electrons directly available for anodic oxidation reactions
and this translates into greater degradation efficiency®. Furthermore, the higher current intensity entails to
oxidize more water molecules into OH', enhancing the process. Anyway, it is important to stress that increasing
the applied current intensity also involves an enhancement of side reactions, such as oxygen evolution reactions
(OEP) which could affect the overall process, and drastically raise the treatment costs. For this reason, further
investigations should be conducted to identify better operation conditions.
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3. Conclusions

In the current study the electrochemical oxidation of 1 um PS, considered borderline between micro and
nanoplastics, in aqueous solution has been investigated. The presence of different electrolytes, salt
concentration and current intensity were examined. The results highlighted that the highest PS degradation
efficiency of 62.2% has been registered operating in presence of Naz;SO4 0.02 M with current intensity of
0.5 A. The addition of Na,SO; electrolyte in the process produce the formation of species with high oxidative
power that can oxidize the compound. The EO could constitute a promising technique to face the worldwide
current issue of the MPs in water bodies, but the possible intermediates generation and the high operational
costs must be further evaluated.
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Fig.1: Effect of (A) electrolyte composition, (B) electrolyte concentration, (C) current intensity on the PS removal %
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SURFACE WATERS AND THE ATMOSPHERE

D. Vione*!, M. Minella!, L. Carenal, M. Passananti*
'Department of Chemistry, Universita degli Studi di Torino, Via Pietro Giuria 7, 10125, Torino, ltaly

davide.vione@unito.it

1. Introduction

Micro- and nanoplastic particles are a considerable emerging problem in the environment because their small
size facilitates interaction with living organisms, with harmful effects. Exposure of water-suspended plastics
to sunlight may cause fragmentation, which is a source of microplastics and nanoplastics, but it may also
induce formation of dissolved compounds [1]. The latter phenomenon is interesting because it could end up in
eventual removal of plastic particles from environmental waters, thus its details deserve investigation. We have
previously shown that exposure of polystyrene aqueous suspensions to sunlight produces a range of aromatic
and aliphatic compounds that could derive either from the polymer skeleton, or from additives and plasticisers
[2]. Among such compounds, benzene and acetophenone are semivolatile and could undergo either degradation
in surface waters, or partitioning into the gas phase where they could react with gaseous *OH. This presentation
will introduce an approach to predict the fate of the two compounds, as well as phenol (major benzene
degradation product), using a two-compartment model that considers both surface waters and the atmosphere.

2. Results and Discussion

Acetophenone and benzene are important compounds deriving from the exposure of polystyrene to sunlight
[2]. Experimental findings (irradiation with UV lamps followed by monitoring of the organic substrate by
liquid chromatography) suggest that acetophenone in surface waters would mainly react with "OH and the
carbonate radical (COs™). On the other hand, benzene is well known to react selectively with *OH. On this
basis, the photodegradation kinetics of the two compounds in different surface-water conditions can be
predicted by using the APEX software (Aqueous Photochemistry of Environmentally-occurring Xenobiotics)
[3]. However, as semivolatile molecules, acetophenone and benzene can also undergo gas-phase partitioning
as competitive removal pathway from water. The respective first-order volatilisation rate constants from the
aqueous phase, as well as the second-order reaction rate constants with gas-phase “OH were derived by using
the EPIWEB 4.11 package (US-EPA) [4].

The overall processes involving acetophenone in the two considered environmental compartments (surface
waters and the atmosphere) are depicted in the scheme below. Calculation results show that, for acetophenone,
volatilisation kinetics would prevail over aqueous-phase photodegradation in the vast majority of
environmental conditions. Therefore, with few exceptions, the main pathway to acetophenone removal from
the aqueous environment would be volatilisation followed by reaction with gas-phase "OH.

Benzene is even more volatile than acetophenone, and the two compounds show similar photodegradation
kinetics in the aqueous phase. Therefore, most benzene produced by irradiation of an aqueous suspension of
polystyrene would end up in the gas phase, where it would react with gas-phase *OH. Phenol is the main
product of the reaction between benzene and "OH in both water and air. In water, phenol would mainly react
with the triplet states of chromophoric dissolved organic matter ((CDOM%*) [5]. In the gas phase, the main
removal pathways of phenol would be reaction with *OH in daytime and with the nitrate radical ("NOs) during
the night [4].
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However, gas-phase phenol could also undergo partitioning to atmospheric waters (e.g., cloud water), whence
it could reach back surface-water environments by precipitation. This scenario was modelled by considering
gas-water partitioning equilibrium as described by the Henry’s law constant of phenol (Ky = 1.35x107° on a
mol/mol basis) and the volume fraction of liquid water in the atmosphere (fw = 5x107") [4]. By so doing, it was
possible to model the time evolution of aqueous-phase phenol by considering reaction of benzene + *OH in
water, followed by phenol degradation with *CDOM?* ), as well as phenol formation in the gas phase followed
by liguid-water partitioning and precipitation.

This approach allows for an assessment of the relative contributions of the aqueous-phase and gas-phase
pathways to phenol in surface-water environments. Moreover, it also gives insight into the possible
contributions of polystyrene irradiation to the occurrence of carcinogenic benzene and toxic phenol in
important environmental compartments.

3. Conclusions

Photochemistry plays an important role both in the formation of aromatic compounds from polystyrene in
aqueous suspensions, and in the degradation of such compounds in surface waters and (when applicable) the
atmosphere. Gas-phase partitioning followed by reaction with ‘OHg) is a key pathway in the environmental
fate of semivolatile plastic products such as acetophenone and benzene. In the latter case, phenol is the main
transformation product of the reaction between benzene and "OH in both surface waters and the atmosphere.
Aqgueous-phase phenol can either derive from benzene + “OH in water, or be formed in the atmosphere and
reach the water compartment upon partitioning into cloud water and scavenging by precipitation.
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1. Introduction

It has been estimated that insect pests annually infect up to 40% of global crop production, and more than 30%
of cereals, rice, and legumes, which end up in huge loss of resources and money (each year, plant diseases cost
the global economy over $220 billion)t. To tackle this challenge, the EU funded Horizon 2020 project
SUNSHINE is working on the development of advanced multi component nanomaterials (MCNMSs) to extend
the shelf life of dry food. These MCNMSs consist of either sepiolite or bentonite nanoclays encapsulating an
essential oil (Fig. 1) to be added to a polyethylene film as anti-pest against the beetle within the Tenebrionidae
family. As this MCNM is classified as food contact material (FCM), a complete consumer safety assessment
of this nano-enabled product must be proven before the FCM reach the market, following the European Food
Safety Authority (EFSA) regulations. In this regard, the potential migration of MCNMs or elements which
constitute the MCNMs from the food packaging film was investigated into different food simulants, according
to Regulation (EU) N°10/2011. Moreover, to simulate a natural weathering process, the potential migration of
the same components was also studied after accelerated weathering of food packaging films loaded with
MCNMs.

2. Results and Discussion

Besides a comprehensive physico-chemical characterization of both pristine MCNMs and LDPE films loaded
with the MCNMSs selected, this work focused on the accelerated weathering of these films according to 1SO
4892-2-2/2013 method, already used in the literature? to perform UV weathering of nano-based plastic
materials. After the accelerated weathering step, following the Regulation (EU) N°10/2011: i) the LDPE films,
ii) the LDPE-MCNMs films and iii) the accelerated weathered LDPE-MCNMs films, were completely
immersed into10% EtOH food simulant (i.e., to mimic fruits, vegetables, eggs, meat and fish) for 10 days at
40 °C and the potential release of any fragment (i.e., degraded matrix with embedded MCNMs or agglomerated
MCNMs with some degradation debris attached or occasionally free MCNMSs) was investigated by means of
TEM-EDX, FT-IR and ICP-MS techniques. In general, only very few and only C-based fragments were
observed for each sample investigated. Concerning the LDPE-MCNMs film samples and the corresponding
accelerated weathered films, it seemed a very slightly increase in the degradation of the films after accelerated
weathering. The released results by ICP-MS always showed very low concentrations, except for one LDPE-
MCNMs film and one accelerated weathering LDPE-MCNMs film, for which Al concentration was higher
than 1 mg/kg food simulant, which is the only threshold that should not be exceeded according to the Annex
Il, Table 1, Regulation 1245/2020 on plastic materials and articles intended to come into contact with food.

3. Conclusions

This accelerated weathering study showed no significant changes in the chemical structure of LDPE-MCNMSs
film when exposed to controlled UV light and water spray cycles. Very few fragments as degraded matrix with
embedded MCNM have been observed in a um size range and no free MCNM have been detected. Lastly, the
investigation of inorganic elements migration into the food simulant mimicking fruits, vegetables, eggs, meat
and fish highlighted that the threshold limit was exceeded for alluminum only by two samples, calling for
further experiments to better clarufy the possibility of using this food packaging material in the market.
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Fig. 1. The approach used to develop the multicomponent nanomaterial for food packaging
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1. Introduction

The interest in a wide range of environmental contaminants, both of natural or anthropogenic origin, has raised
in the last decades because of their adverse effects on human and animal health®. Environmental pollutants can
exert their impact on vertebrates in two different ways: the direct exposure pathways, e.g., ingestion of
contaminated water, soil, forage, and preys or by skin uptake subsequently to a spray event and the indirect
effects associated with the loss in preys or through habitat modification?3. Animals are exposed to a variety of
environmental contaminants, and particularly wild mammals are well suited as biological indicators due to
their relatively long lifespan resulting in higher contaminant accumulation compared to livestock *°. The
wildlife populations have been growing, and particularly wild boar and roe deer are among the most common
wild mammal species in Europe, making wild meat increasingly available to consumers®. The accumulation
of persistent, bioaccumulative, toxic substances (PBTSs, e.g., dioxins, pesticides) and of potentially toxic
elements (PTEs; e.g. chromium, cadmium, etc.) in the meat of these animals makes them excellent model
animals for the study of environmental contamination in certain geographical areas.

2. Results and Discussion

The project aims to evaluate the interaction between wildlife and livestock living within the same geographical
area, for the identification of potential chemical hazards induced by the ingestion of contaminated food and
water due to environmental pollution The geographical area of relevance was centered in the northern section
of the Apennine, called “Four Provinces Apennines”, In this area, a well-structured hunting activity is present
and involves particularly wild boars (Sus scrofa) and roe deer (Capreolus capreolus), that present different
feeding habits. In comparison, for livestock local specimens of Sus scrofa domesticus and cattle for meat
production (Bos taurus) coming from grazing and not grazing farms (fed with forages and feeds from the
geographical area) were considered.

Mass spectrometry hyphenated technologies(GC-MS, LC-MS/MS, ICP-MS) were used to investigate the
contaminants’ accumulation in terms of PTEs’ and PBTs’ in different animal matrices. The methods for the
detection and quantification of a large panel of pollutants belonging to different classes was developed
considering the analytical parameters such as the linearity of the method, the intra-assay and inter-assay
variations, the evaluation of the recovery value, the matrix effect, the limit of detection (LOD) and the limit of
guantification (LOQ).

These results constitute the first step to evaluate the level of oral exposure to PBTs, PTEs, and antimicrobials
in the different livestock species according to the content of their diet. Finally, the data from the quantification
of contaminants in the different biological matrices together with the level of exposure of the domestic species,
the productive, reproductive, and health data will be evaluated to study the toxicological implications of the
substances.

3. Conclusions

Since wildlife and livestock are both exposed to different categories of PBTs, PTEs, and drugs depending on
their geographical area and considered the likely correlation of contamination levels in animals that share water
and dietary resources, studying rural ecosystems for identifying the chemicals that circulate into the water-
soil-air-plants-animals system, in terms of a holistic One Health perspective, results particularly important.
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The main goal of this ambitious project is related to providing information on the state of environmental
contamination through the comparative study of the presence of contaminants in wild and farm animals, and
their food, the consumer risk characterization.
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1. Introduction

In the last years, contemporary mural artworks became very relevant as artistic and social expressions in urban
contexts. Municipalities, the population, and Cultural Heritage experts started to care for their state of
conservation and to set up strategies for their safeguard and preservation [1,2]. Within the framework of the
PRIN 2020 SuperStar project [3], and in collaboration with the Municipality of Milan — (Direction of Public
Art), a conservation and protection strategy, based on activities carried out on purposely selected pilot sites,
has been established in order to analyze and monitor the degradation of contemporary muralism. The following
research study focused on the characterization of the painting materials used in the artworks under
investigation, evaluating the aesthetic and chemical alterations after the outdoor natural exposure, and
proposing a testing protocol for the monitoring of selected protective coatings. The latter goal will be
extensively studied in order to understand the protective behaviour and efficacy of each class of materials when
applied in situ, their compatibility with different painting layers, and their durability over time.

2. Results and Discussion
The selected case study is the mural entitled Musica popolare realized by the OrticaNoodles group of artists
in 2016, located in the Ortica neighborhood in Milan. This colourful mural is dedicated to the most prestigious
and well-known performers of the Milanese music of the second half of 20™" century, namely: Ornella Vanoni,
Enzo Jannacci, Dario Fo, Ivan Della Mea, Giorgio Strehler, Giorgio Gaber, and Nanni Svampa [4].
Regarding the characterization of the painting materials and the study of their degradation phenomena and
mechanisms, an initial survey of deterioration patterns has been carried out. Very different degradation
phenomena were highlighted and defined according to the Capus Glossary [5].
It can be assumed that the peculiar location and exposition of the artwork play an important role in the observed
degradation patterns. For this reason, the analysis was based on three portions of the wall with different
environmental conditions (Figure 1): one is south-west-exposed (full sun exposure), one is partially sheltered
by trees (mid-sun exposure), and the third one is located in the adjacent car tunnel, completely sheltered both
from rain and direct solar radiation. As shown in other studies [6,7], the extent of degradation is related to the
level of exposure to atmospheric conditions of walls, the most exposed one shows severe issues of color fading
(whitening), detachments, painting cracks, scaling and flaking phenomena. On the other hand, the state of
conservation of the wall portion located in the car tunnel still presents vivid colors and intact painting layers,
although covered with extensive dust deposit.
From the color palette, the red paint was chosen to study the color fading and micro-sampling was carried out
in the three portions of the wall. The degradation phenomena leading to whitening appearance, was
investigated. The collected samples were characterized by using u-FTIR and p-Raman spectroscopies and by
microscopic techniques to study the painting stratigraphy.
Subsequently, different commercial protective coatings have been applied in the three different wall sections.
Protectives’ performance has been evaluated by visual inspection, digital microscopy, colorimetry, and in-Situ
water absorption tests. The measurements were performed before and after the application of protective
treatments. The assessment of the different properties of the coatings are [8]: protective efficacy from water
action and UV radiation, and color stability.
The selection of the commercial protectives was carried out by interviewing different conservation experts,
researching the available products on the market, and selecting them according to their chemical nature.
Selected classes of protective coatings include acrylates, alkyl alkoxy silanes, fluorine-siloxanes, and siloxanes
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[9]. The monitoring of the pilot site will continue for approximately 2 years starting from June 2023,
performing periodic measurements, and comparing the protective performances.

3. Conclusions

The investigation carried out of the pilot site of the mural Musica popolare in Milan, allowed to in situ evaluate
the conservation state of the painting materials and the protective performance of different selected commercial
protective coatings. Moreover, the results will produce a reliable dataset concerning the behavior and
durability of different classes of protective coatings, in order to define an effective conservation strategy for
the protection of outdoor contemporary murals.

0/‘#?7!\0
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Figure 1: Musica Popolare by OrticaNoodles in Milan. Display of the three areas chosen for conservative strategy: a)
sheltered; b) fully exposure; and ¢) mid-exposure areas.
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1. Introduction

The presence of biofilms on surfaces of cultural interest is a widespread and well-known phenomenon, leading
to biodeterioration, which is a source not only of aesthetic, but also of structural and chemical damages on the
colonized surfaces [1]. Soft matters and PVA-based materials, also thanks to their reversibility and eco-
compatibility, are promising tools for restoration and cleaning purposes [2]. Indeed, between them, there are
High Viscosity Polymeric Dispersions (HVPDs) that already showed to be suitable to confine chelators [3] and
other substances, included natural biodices [4]. In this research it was studied a HVPDs obtained by the
crosslinking reaction between Polyvinyl Alcohol and Borax and loaded with a commercial essential oil (EO) of
Glycyrrhiza glabra L., selected for its biocidal and fungicidal properties [5]. Different formulations were
characterized and tested, in presence and in absence of two concentrations of essential oil: 1.5% w/w e 2.0%
w/w, with a PVA:B=4:1 ratio. Their properties were investigated with NMR relaxometry and molecular
diffusion, MCR 301 rheometer, pH meter, FT-IR ATR, NETZSCH TG 209F3 spectrometer.

2. Results and Discussion

Three types of HVPDs were prepared, with the same ratio of PVA:B=4:1; sample 1 with no EO, sample 2 with
1.5% w/w of E.O, sample 3 with 2% w/w of EO The addition of EO lowers the pH by a few decimal units,
always keeping it at high values, maintaining the basicity of the polymer, in a range between 8.95 and 9.15.
Rheological analyses were performed, at constant temperature, beginning with a strain test, to investigate the
behaviour of samples subjected to a rotational force, and to identify the frequency relative to the breaking point
of each HVPDs; the G' and G" moduli, remain constant during all the experiment, indicating that the obtained
materials are extremely viscous dispersions, with high resistance to deformation and do not present a shear point.
The addition of EO does not change the behaviour of the soft matter. The samples were subjected to analysis of
time sweeps of 1h each, at constant amplitude and frequency, to evaluate the stability of the product over time
and the evaporation of the EO. It was noted that throughout the duration of the experiment, the products confirm
their stability and no solvent evaporation is noted. To measure the viscoelasticity of the material, frequency
sweep analyses were performed, by applying a stimulus whose frequency varies over time, maintaining its
maximum intensity constant. The analyses confirmed the extreme viscosity of the samples. Isothermal
thermogravimetric analyses were conducted with the aim to verify the ability of the product to retain its volatile
fraction. A temperature range between 20°C and 800°C was used; all samples have a first decomposition
temperature at 20°C, probably due to the evaporation of the weakly bound water, that could account for the rapid
drying time of the soft matter; the second decomposition temperature is after 35°C, after which the samples
begin to lose most of their mass due to water evaporation up to around 100 °C; the remaining residue is rather
stable until 200 °C where a further decomposition occurs. FT-IR analyses were performed on Samples 1,2,3,
identifying the classic peaks of a compound containing mostly water (3330 cm™, O-H stretching) and peaks
related to presence of PVA, (3448 cm™?, 2945 cm*, O—H bond stretching and C—H stretching of alkyl groups);
in the region between 1333 cm™ and 1416 cm™! two peaks can be noted, which suggest that two types of
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complexation are formed between hydroxyl groups and borate. Numerous peaks can be noted (2937, 1603,
1513, 1416, 1077 and 1033 cm™*), which confirm the presence of EO.

Diffusion NMR showed aging modality of HVPD which depends on PVA and water relative concentration.
NMR relaxation times T1/T» and diffusion quantified at different diffusion times and different magnetic gradient
strengths showed useful information about the free and weakly bound water behaviour during time from the
synthesis (aging) and during drying time. The peelability of the products was preliminary tested on sandstone
specimens covered by biofilm, applying samples 2 and 3 with the aid of a spatula and removing them by peeling,
as shown in Figure 1, after two drying times: 1h and 24h, to evaluate the ease of removal by peeling in both
cases.

3. Conclusions

A thorough characterization of a HVPD, based on the cross-linking reaction between PVA and Borax and
capable of encapsulating the commercial essential oil of Glycyrrhiza glabra L. has been performed. We
established that the product is extremely viscous, it does not undergo to deformation or evaporation of co-
solvent, thus retaining the essential oil. Moreover, the soft matter loses only the weakly bound water, at room
temperature. Finally, NMR diffusion has proved to be a useful tool for monitoring the characteristics of HVDP
as different parameters (time, drying time, relative percentage of PVA and water) vary. That information is very
important in the field of cleaning porous surfaces, since it reduces the possibility of the product to leave residues,
after an easy peeling action.

Figure 1. High Viscosity Polymer Dispersion: a. Sample 2,b. application of Sample 2,c. removal by peeling of Sample 2.,
d. Sample 3, e. application of Sample 3, f. removal of Sample 3.
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1. Introduction

In this research, polychrome plasters were reproduced according to Hispano-Muslim techniques, made
between the 12th and 15th centuries. The reproductions are made with plaster and tempera colours, using
animal glue or gum arabic as binder. Three different pigments (vermilion, azurite and verdigris) were used for
the color application. Subsequently, repaintings with oil colors were reproduced to simulate the repaintings on
the original works that occurred over the centuries (Garcia, 2015). To evaluate the aging of the polychrome
layers, an innovative aging protocol is proposed, designed according to the climatic conditions in which the
real works are exhibited. It includes three daily phases for three weeks: freezer for 3 hours; humidification
chamber with saline water (35g/l of NaCl in water) for 2 hours; UV lamp for 5 hours. Characterization
measurements were performed by FTIR spectroscopy, GC/MS and colorimetry, before and after aging. For
the cleaning of oily materials, different Agar-based gels have been tested, with the addition of hydrocarbons,
alkalis and surfactants with a buffered aqueous solution at pH 7-7.6.

2. Results and Discussion

The results obtained by means of FTIR spectroscopy show that for animal glue a deterioration and denaturation
of this type of protein binder is observed, due to the components such the amide A, I and Il bands are reduced,
and even the loss of the Amide B component. However, their chemical composition is not changed. For gum
arabic there is also a decrease in the absorbance peaks of its main functional groups such as carboxyl and
carbonyl groups (1600-1640 cm™) and the alkane groups (2900-2935 cm™) (Al-Gaoudi, 2020). The changes
in both binders are more representative when mixed with the pigment verdigris, azurite and vermilion. Finally,
for linseed oil new bands corresponding to the hydroxyl group are observed (3500-3430 cm™?), the alkane
group (2930-2855¢cm/1463-1418cm™) and the significant band of the carbonyl group (1746 cm™) are reduced,
and indeed the most intense characteristic band at ~1737 cm™ is drastically reduced. This changes are observed
specially with the pigments ultramarine blue and titanium white, the ochre pigment is more stable (Tammekivi
etal., 2021).

GC-MS investigations on animal glue showed no changes in amino acid composition. No change in the
composition of the monosaccharides is evident for gum arabic, while for linseed oil a loss of polyunsaturated
fatty acids and the appearance of saturated dicarboxylic acids sebacic, azelaic and suberic (Tammekivi et al.,
2021).

The chromatic variation is evaluated for the the pictorial layer of each probe and their repaints (binder and
pigment) after the accelerated artificial ageing. It shows a yellowing of the arabic gum especially with the
verdigris pigment, while in the case of the oil, a darkening and a yellowing is observed, especially aplicated
with mixed of ultramarine blue and titanium white. In the case of animal glue, it shows a high darkening when
is aplicated with azurite. For pigments, the colorimetric variation shows a photochemical alteration with
darkening due to the UV rays in the case of vermilion applied with the gum arabic. Verdigris tends to turn
yellow and a a more brownish tone in contact with oil colors, which is also caused by the pigment-binder ratio
given thar verdigris has the finest grain size, so the mixture contains more binder than pigment. Azurite in
contact with the oil repaintings layers leads to darkening, especially mixed with animal glue. And for repainted
pigments, ochre is more stable applied mainly on animal glue with the thre original pigments than mixed
ultramarine blue and titanium white.

The cleaning treatments are made to remove the oil painting. Here are proposed the use of 5% Agar gel with
hydrocarbons heptane and acetone (50:50) (test 1); surfactant Triton-X (test 2); heptane and Triton-X (50:50)
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(test 3); NaOH (test 4); Agar gel at 5% made with Polyaminoamide and Glycine (test 5). These five cleanses
are carried out in two phases, the first one of 30 min. and the second of 20 min.. The results obtained show
that for the removal of both oil repaints, test 1 is the most effective on all binders and pigments. However, test
5 is effective for removing ocher overpaintings on vermilion with gum arabic, and on azurite with animal glue.
The same result is obtained on repainting of ultramarine blue on vermilion with animal glue, and verdigris
with gum arabic.

This study shows the importance of characterizing a work before selecting cleaning treatments, especially
when they are repainted and require the removal of this overpainting. The ageing test has made it possible to
study how the original materials and repaints behave. The results obtained showed that the verdigris pigment
and the animal glue binder underwent the greatest changes during aging, as did the oil and ultramarine repaints.
This has allowed the selection of specific treatments, based on rigid Agar gel and various detergents. The most
effective treatment was the use of Agar, according to the protocols of test 1 and test 5.

ORIGINAL POLYCHROMY ALTERATIONS REPAINTINGS AFTER AGEING AFTER CLEANING

Figure 1. A. Top binder arabic gum, lower binder animal glue. B. Ultramarine blue and ochre oil repainiting. C. After
ageing test. D. After cleaning treatments
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1. Introduction

A large part of cultural heritage is wooden made and one of the main causes of wood decay is given by fungal
attack. This research aims to develop a biocidal product to prevent wood biodeterioration by employing
sustainable reagents and harmless synthesis procedures. To this aim, R-(+)-pulegone (Pu), which is a main
component of many essential oils that showed biocidal activities towards several microorganisms [1,2], was
selected to be loaded in chitosan nanoparticles (ChNPs) and tested against Aspergillus niger, considered one
of the main responsible of soft-rot decay [3]. lonic gelation is the method used to obtain the ChNPs and is
based on electrostatic interactions between the positively charged ammino groups of chitosan, a polysaccharide
known for its biocompatibility, biodegradability and biocidal properties, and the negatively charged groups of
sodium tripolyphosphate (TPP) [4]. The ChNPs have been morphologically characterized and their biocidal
potential was evaluated towards A. niger in vitro and on artificially colonized wooden samples.

2. Results and Discussion

In the initial stages of the experiment, ChNPs loaded with Pu (Pu-ChNPs), at four Ch:Pu ratios (1:0; 1:0.25;
1:0.5; 1:1) were prepared following a two-step method for the formation of an oil-in-water emulsion and ionic
gelation of chitosan with TPP.

Dynamic Light Scattering (DLS) allowed to calculate the hydrodynamic diameter (HD) and the polydispersity
index (PDI) of the nano-systems dispersed in aqueous suspensions, confirming the presence of nanoparticles
with different sizes, depending on the concentration of Pu present. According to DLS, the best result was
obtained for Pu-ChNPs with a Ch:Pu ratio 1:0.25 (HD: 198 + 4 nm; PDI: 0.39 + 0.05).

Fourier-transform infrared spectroscopy (FTIR) was used to evaluate the encapsulation efficacy: variations of
the spectral partner were observed and considered indicative of the efficient loading of Pu.

Multiwell Assay (MA) allowed to assess the inhibitory effect of Pu, chitosan and the four Pu-ChNPs systems
at six concentrations (from 3 to 0.093 mg/mL) towards A. niger. The biological assays gave encouraging
results, since the treatments based on Pu-ChNPs resulted more effective at lower concentrations than the ones
obtained by employing the substances alone, active at higher concentrations.

Comparing the results from DLS and MA (inhibition at 0.75 mg/mL), the Pu-ChNPs system with a Ch:Pu ratio
1:0.25 was considered the best candidate for the following experimental steps.

In this regard, the synthesis protocol of the NPs was optimized considering a) the initial concentration of
chitosan, b) the molar ratio between chitosan and TPP, c) the stirring speed during the ionic gelation and d)
the pH conditions. The new systems gained better results, as confirmed by the DLS where NPs with smaller
sizes (HD: 73.73 = 0.10 nm) and lower PDI (0.31 £ 0.04) were obtained. The morphology of the NPs was
observed by Scanning Electron Microscope (SEM) imaging, where the NPs appeared to be regularly
distributed, well-separated and spherically shaped.

Two parallel experiments involved the treatment of wooden samples from three species (Quercus petraea,
Abies alba and Fagus sylvatica) with an aqueous suspension of Pu-ChNPs (0.75 mg/mL), applied via spray.
In the first case, the samples were preliminary treated with the solution and then inoculated with A.niger in
laboratory conditions for two weeks. The treatments visually reduced the growth of the fungus, especially in
the samples from F. sylvatica.
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In the second experiment, the same treatment was applied on wooden samples previously subjected to a natural
biocolonization. A colorimetric monitoring confirmed the progressive toning of the samples towards their
original color after the treatment with the NPs. This result can be considered an indicator of the biocidal effect
of the treatments, as a further confirmation of the potential of Pu-ChNPs for future applications.

3. Conclusions

R-(+)-pulegone was successfully loaded in chitosan spherical shaped NPs. The enhanced biocidal effects
associated to the combination of chitosan and Pu towards A. niger could be explained taking into account that
nano-encapsulation protects Pu from evaporation and oxidation, fostering its controlled release and improving
its stability [5]. In this scenario, the promising results obtained suggest that such systems can represent a
possible sustainable alternative to classical chemical biocides considered harmful for the environment and
human health. Future applications will evaluate the combined biocidal and consolidant properties of Pu-

ChNPs, in virtue of the recent applications of chitosan as a consolidant for archeological and waterlogged
wood [6].

Untreated

Treated

F.sylvatica treated (a and b) and untreated (c and d) with Pu-ChNPs after inoculation with A. niger.
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1. Introduction

In recent years, the use of laser technology has increased significantly as a valid solution and alternative to
traditional cleaning methods in the conservation of the cultural heritage, allowing to overcome some limits of
the other cleaning methodologies. Despite the growing diffusion of laser systems and their use in very
diversified contexts, there are objective difficulties in mastering the different modes of action and the settings
of the many laser parameters. It is therefore very important to define protocols that allow for an accurate
evaluation of the action of laser technology applied to cultural heritage. In this contribution, contemporary
muralism was considered as case study, and especially the cleaning of wall surfaces painted with synthetic
materials and later overpainted with vandalistic writing or drawings, made with the same graphic tools (e.g.
spray cans) of the original paint layer.

2. Results and Discussion

Model samples of cement mortar were made on which: (1) two layers of paint were spread, (11) three types of
paints were selected, namely an acrylic spray, an alkyd spray and an acrylic-styrene water-based paint to be
applied by brush or roller, and (I11) three colours, namely yellow, blue and fluorescent blue. The products to
be used were selected following an accurate initial characterisation, excluding mixed binders, in order to better
correlate the action of the laser to the type of binder. One set of specimens was used as it was, after at least
one month of drying, while a second set with a single layer of paint was aged with artificial solar light. After
1000 hours of aging, a second layer of paint was applied on the samples. The cleaning tests, aiming to remove
the overlying paint layer, were carried out using different types of lasers, on both sets of model samples, in
order to evaluate the effectiveness of the treatment both in the case of a freshly made mural and in the case of
a more dated one.

The effectiveness of the cleaning tests was first evaluated by constructing radar diagrams which represent the
results of empirical evaluations of some particularly significant parameters for cleaning monitoring. In a
subsequent phase, the same parameters were evaluated analytically through specific techniques whose
instrumental responses made it possible to validate or not the initial empirical evaluations. In particular, we
focused on the following parameters: presence of paint residues, surface roughness (topography integrity),
color changes, cleaning evenness, cleaning effectiveness, pigment pickup during laser cleaning, UV
fluorescence changes (if possible).

The analytical evaluation of the effectiveness of laser cleaning was carried out by adapting previously tested
analytical protocols for both the use of lasers and gels [1]. These protocols are based on optical microscopy
and SEM measurements, spectrophotometric analyses, FTIR and GC/MS, and aim not only to evaluate the
ability of the laser to selectively remove the second layer of spray paint, but also to identify any processes and
products of alteration due to the surface-laser interaction.

3. Conclusions

The research carried out so far constitutes the first part of a larger work which aims at identifying sustainable
cleaning methods for contemporary muralism [2], and it also represents a starting point for a more ambitious
project which aims at defining and standardizing the operative laser parameters in order to operate safely on a
wider range of materials.
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Left: Mock-up with a yellow alkyd paint at the bottom and a blue alkyd paint at the top. Right: Pigment pick-up during
laser cleaning.
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1. Introduction

Stone artifacts represent an important part of our cultural patrimony, and they are continually subject to
deterioration due to physical, chemical, biological, and air pollution factors [1]. Due to the ongoing threat of
degradation of artifacts, the conservation aspects have recently gained prominence on a global scale. Finding
suitable preservation products, assessment of their performance, including durability, and development of
correct application techniques still represents crucially important research topics. Cleaning of artifacts from
any undesired matter, such as decayed materials resulting from previous treatments, is a particularly delicate
step of the conservation process. In fact, highly selective techniques must be applied, which should preserve
the original nature and properties of the substrates [1,2]. Synthetic polymers have been largely employed in
the traditional restoration practice as adhesives and conservation agents [1]. The removal of aged polymeric
materials from the surface of artifacts is becoming a quite common cleaning operation in the conservation
field. Hence, our research study was mainly focused on studying the removing process of decayed polymer
coatings from stone surface by different cleaning tools. For instance, the removal of an acrylic polymer
(Paraloid B-72) applied on two different porous stone substrates was investigated after application of nano-
structured emulsions (NSE) supported on gels.

2. Results and Discussion

Different kinds of gel materials have been examined to find out the appropriate tool for removing aged polymer
coatings from the considered stone substrates. For this purpose, three different gel materials were synthesized
in the laboratory: (i) synthetic hydrogel obtained from HEMA-MBA (2-hydroxyethyl methacrylate/N, N-
methylenebisacrylamide) copolymer and PVP; (ii) bio-degradable gel obtained from konjac glucomannan with
sodium borate (KG+SB); and (iii) a new bio-degradable gel material prepared by modifying the natural konjac-
based material with two different synthetic polymers (Polyvinyl alcohol and Polyvinylpyrrolidone,
KG+PVA+PVP+SB). All the considered gel materials were characterized using different techniques to
comparatively assess their properties that are relevant for cleaning purpose: gel content, equilibrium water
content, retention capability, morphology, and durability [3]. The result indicated that both gels prepared by
natural polymer (KG) have higher equilibrium water content (EWC ~96%) than the synthetic gel (HEMA-
MBA/PVP, EWC ~81%). Consequently, the retention capacity has the same trend. Gels were loaded with
appropriate amounts of nano-structured emulsions (NSE) containing cleaning agent (eco-friendly surfactant
and/or organic solvents) and their performances tested after application on the surface of highly porous stone
substrates Lecce stone (LS) and Arenaria stone (AS) used in historical buildings in Pavia and surroundings.
Different analytical techniques were used to investigate the performances of the cleaning tools: chromatic
variations and contact angle measurements, optical microscopy, iodine vapour staining test, SEM-EDS, FTIR
and micro-FTIR (in ATR mode). As shown in the SEM images taken on LS specimens (Figure 1), NSE-loaded
synthetic gel (HEMA-MBA/PVP) was able to completely remove the aged polymer coating from the stone
surface. Moreover, it needs only one cleaning step, while newly synthesized gel material (KG+PVA+PVP+SB)
needs three cleaning steps for the same purpose. The gel prepared by KG with SB showed incomplete removing
of aged polymer coating (after three cleaning steps) from the stone surface (Figure 1). The cleaning efficiency
of different gel materials was quite similar (as Lecce stone) in the case of Arenaria stone, indicating that those
cleaning tools can be used in both types of stones.
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3. Conclusions

The experimental results suggested that NSE-loaded synthetic and modified natural gel materials can be used
as promising cleaning tools for removing aged polymer coating from the stone artifacts. The synthetic gel
(HEMA-MBA/PVP) showed the best performance in removing aged coatings from the surface of both LS and
AS. The newly synthesized gel (KG+PVA+PVP+SB) also provided satisfactory cleaning results, although it
requires more application cycles. Considering the sustainability of the conservation process, the bio-degradable
konjac-based material should be considered, after all, more affordable for cleaning applications.

Before cleaning HEMA-MBA/PVP

Figure 1. SEM images of Lecce stone before and after cleaning by different gel materials
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1. Introduction

Nowadays, Pickering emulsions are extensively employed in various applications due to their numerous
advantages over surfactant stabilized droplets, such as low or no toxicity, ease of storage, low production costs,
etc. In this regard, particles obtained from eco-sustainable sources have been employed for their design to
satisfy the need for environmentally friendly materials. Among them, halloysite clay nanotubes can act as
interracially active inorganic particles, and we recently proposed a protocol for the preparation of
wax/halloysite based Pickering emulsions that can be used in a wide range of applications.

2. Results and Discussion

Microwax particles obtained from Pickering emulsions were embedded in halloysite-based geopolymers
developing a new hybrid material with heat storage capacity and enhanced flexural performances [1,2]. The
incorporation of microwax into the geopolymers was confirmed using various techniques, including thermal
analyses, spectroscopies, microscopies, and contact angle experiments. The homogeneous dispersion within
the geopolymeric network improved again the coating’s physico-chemical properties by increasing the
hydrophobicity. Furthermore, the Pickering emulsions were employed for the treatment of waterlogged
wooden samples [2]. Compared to archaeological woods treated only with wax, the inclusion of nanotubes led
to a notable enhancement in mechanical properties such as stiffness and flexural strength.

3. Conclusions
The discussed approaches suggest the development of wax/halloysite Pickering emulsions with versatile
functions for both eco-friendly coatings and materials.
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1. Introduction

The thermal properties and rheology of Funori, the polysaccharide derived from red algae Gloiopeltis, were
investigated in this study. This polysaccharide is considerably used as an adhesive or thickening agent in
several applications, especially in Japan, including the field of conservation of cultural heritage. It has been
demonstrated how metal ions enhance funoran gelation with Ba?* ions having a clearly higher gel-inducing
effect [1]. For this reason, the aim of this work is to study the effects of the addition of BaCl. solutions at
different molarities on 1% w/w Funori solutions studying the process of gelling kinetic at different
temperatures, highly dependent both from the number of cations contained and cooling processes.

2.Results and Discussion

The samples were characterized by differential scanning calorimetry, dynamic rheometry and dynamic light
scattering at different temperatures. BaCl: solutions exhibited a strong effect on the gelling formation: with
enhancing salt concentration, storage modulus (G’) and loss modulus (G’’) increased in the selected
concentration range (up to 0.2 M), but then gradually decreased with new additions in the salt content. Funori
gelling kinetics at different molarities (0.05 M, 0.1 M, 0.2 M, 0.3 M, 0.5 M) were measured at several
temperatures (10, 12.5, 15, 20, 25 °C) for two hours: the gelling point is directly dependent by both
concentration and temperature, reaching it first in time with enhancing concentration and decreasing
temperature.

3. Conclusions

The addition of BaCl: and its relative sulfation remarkably affects Funori rheological properties. It does not
gel without added ions, but it is able to form strong gels with a relatively high amount of inorganic cations.
Decreasing temperature and enhancing concentration a strong gel is obtained. The good ability to form
transparent and strong gels makes Funori a promising hydrocolloid for cultural heritage surface cleaning,
especially in those cases where high temperatures must be avoided.
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Figure 1. Gelling kinetics at different temperatures and concentrations
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1. Introduction

Synthetic dyes have raised environmental concerns because of their contamination of water and soil, their
toxicity and poor degradability. Azo dyes constitute about half of the dyestuff produced annually; due to their
complex structures, they are recalcitrant to conventional wastewater treatment based on biological processes
[1]. Acid Orange 7 (AO7) can be considered as a model molecule of many azo dyes. Zero valent iron (Fe°) is
an effective reducing reagent used for the treatment of several water pollutants, and its capability of removing
AO7 molecules has been proved [1,2]. However, corrosion and loss of reactivity over time strongly reduce the
practical use of Fe® in remediation processes. To overcome these limits, recently Fe® has been paired with a
suitable semiconductor (ZnS), with high positive redox potential: when irradiated with UV light, ZnS provides
electrons to reduce Fe** back to Fe®, limiting the Fe° corrosion [3]. In this work, the removal of AO7 from
water solutions using a Fe®/ZnS composite was investigated. Additionally, ecotoxicity test was carried out on
samples after the treatment, using Artemia franciscana as the target species.

2. Results and Discussion

For degradation experiments, 100 mL of AO7 solutions (20 mg/L) with a given amount of Fe%ZnS (0.25, 0.5,
1 or 2 g/L) were used. Suspensions were inserted in a 250 mL beaker and stirred for the entire duration of the
test (160 minutes); samples were collected at regular intervals. The suspension was either irradiated with UV-
A lights (365 nm) or kept under dark condition. Samples collected were centrifuged and AO7 residual
concentration in the supernatant was monitored through UV-Vis spectroscopy, by following the intensity of
its characteristic peak at 484 nm.

During the first minutes of the reaction, a rapid decolorization can be noted both under irradiated and non-
irradiated condition, reaching a minimum after = 10 minutes. During this phase, the Fe° causes the destruction
of the azo dye chromophore through the cleavage of the -N=N- bond, and the subsequent decolorization [2].
The AO7 degradation improved with the increase of Fe®’ZnS dosage, resulting equal to 55% (0.25 g/L), 85%
(0.5¢/L), and 97% (1 g/L and 2 g/L) in irradiated condition, and 65% (0.25 g/L), 72% (0.5 g/L), 84% (1 g/L),
and 97% (2 g/L) in dark condition, after 10 minutes of treatment (Figure 1A). Increasing the reaction time up
to 160 minutes, a reduction of process efficiency could be observed for all catalyst concentrations except for
2 g/L. The overall degradation performance after 80 minutes is 24% (0.25 g/L), 49% (0.5 g/L), 90% (1 g/L)
and 95% (2 g/L) in irradiated condition, and 28% (0.25 g/L), 35% (0.5 g/L), 68% (1 g/L) and 97% (2 g/L) in
dark condition, reaching a plateau up to 160 minutes. Several explanation were proposed: (1) the first step of
the reaction of AO7 with Fe® is reversible, and some of the unstable transitional compound returns to AO7 [2];
(11) the products of the AO7 degradation reacts together to form an imino compound similar in nature to AO7
[4]; (IIT) the further oxidation of the surface iron to Fe** causes the desorption of AO7 [5]. For all Fe®ZnS
concentrations, irradiated conditions allow to achieve a more efficient degradation of the dye especially when
longer times are considered, because of the ability of ZnS in the limitation of Fe® corrosion phenomena.
Ecotoxicity tests were carried out on samples from the experiments in irradiated condition collected after 10
or 160 minutes from the start of the tests, to monitor the toxicity of the sample after the treatment. The tests
were carried out on Artemia franciscana nauplii, metanauplii, juvenile and adult according to standard methods
[6] for assessing the mortality.
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AO7 solution (20 mg/L) caused mortality (about 20-30%) in all life stages already at 6.25%, that was
statistically significant respecting to control and all other concentrations. The mortality in all life stages at
100% solution involved all organisms. The treatment greatly reduces the toxicity of the starting AO7 solution
for all Artemia stages, and in most cases, it can be considered residual toxicity due to the presence of Fe%/ZnS
(Figure 1B). However, it has been observed that the toxicity effect observed after 10 minutes of treatment is
lower than the value after 160 minutes, considering the same concentrations of Fe%ZnS; thus, it can be
concluded that the toxicity detected after 160 minutes of treatment was only partially related to due to the
residual presence of Fe%ZnS.

3. Conclusions

The degradation of AO7 using a Fe%ZnS catalyst was investigated. A comparison between the results obtained
under UV-A irradiated and dark conditions was carried out. Variable concentrations of Fe®/ZnS (from 0.25 g/L
to 2 g/L) allowed to reach a removal up to 97% of a AO7 solution of 20 mg/L, after 10 minutes of treatment.
When longer treatment times were considered (up to 160 minutes), a reduction of process efficiency could be
observed for all catalyst concentrations except for 2 g/L. UV-A processes allowed to achieve a more efficient
degradation. Ecotoxicity test were also carried out to monitor the toxicity of the sample after the treatment, on
A. franciscana specimens at various life stages. It was observed that the treatment greatly reduced the toxicity
of the starting AO7 solution.
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Figure 1 — A) Trend of AO7 concentration B) A. franciscana mortality in control and treated samples.
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1. Introduction

Global water scarcity and increasing demand for freshwater have fuelled research into wastewater treatment
for reuse®. Greywater (GW), from sources like showers and sinks, includes light (LGW) and dark (DGW)
types, with lower contamination than municipal wastewater. GW composition varies by source, leading to
differences in COD, BODs, total nitrogen (TN), total phosphorus (TP), and microbial content. Anionic
surfactants, challenging to remove, pose environmental risks. Despite regulations, GW aligns with Agenda
2030's global wastewater reuse goals, requiring effective treatment methods?.

Advanced oxidation processes (AOPs) like H,0./Fe?*, UV/H,0,, UV/TiO2/H,0,/Fe?*, and persulfate anion
(S206%) show promise for organic and bacterial removal®®. This study investigates real LGW treatment using
foam fractionation (FF) as a primary method, with post-treatment Fenton processes (Fe?*/H.0, and Fe?*/S,0s?)
to optimize contaminant removal for reuse. Factorial design and response surface methodology (RSM) were
used to optimize parameters, ensuring efficient COD, surfactant, and bacteria removal.

2. Results and Discussion

In this study, the Fe?*/H,O, and Fe?*/S,0s> Fenton processes were optimized for LGW treatment using RSM
analysis. Initially, the FF process was applied to synthetic LGW, showing significant removal of COD and
TSU. Subsequently, Fenton processes were optimized through RSM to meet LGW reuse standards. ANOVA
results validated the model assumptions, with perturbation plots revealing the effects of iron and oxidant
concentrations and treatment time on COD and TSU removal. Fe?* dosage had varying effects depending on
the oxidant used, with Fe?* positively influencing COD removal in the Fe?*/H,0, system but negatively in the
Fe?*/S,08% system. Three-dimensional response surfaces illustrated variable interactions.

The Fe?*/H,0, system achieved maximum removal efficiencies of approximately 72% for COD and 88% for
TSU, while the Fe?*/S,0¢> system achieved about 77% COD removal and 97% TSU removal. S,0s*
demonstrated higher removal rates than H,O, for both COD and TSU. The optimal conditions were identified:
for Fe?*/H,02, 50 mg/L Fe?*, 157.6 mg/L H,0-, and 30 minutes of treatment; for Fe?*/S,0s%, 12.5 mg/L Fe?",
185.6 mg/L S;0s%, and 30 minutes of treatment.

These conditions were applied to real LGW, resulting in slightly reduced COD and TSU concentrations. COD
removal efficiencies decreased from 93% to 89% for Fe**/S,0s* and from 88% to 78% for Fe?*/H,O,, while
TSU removal changed from 97.1% to 99.7% for Fe?*/S,0g%* and from 88.2% to 96.6% for Fe?*/H,0,.

The transition from synthetic to real LGW resulted in a slight decrease in COD and TSU concentrations. The
COD removal efficiency decreased from 93% to 89% for Fe?*/S,0s* and from 88% to 78% for Fe?*/H,0x.
TSU removal changed from 97.1% to 99.7% for Fe?*/S,0g%* and from 88.2% to 96.6% for Fe?*/H,0,.

The optimized Fenton processes also achieved significant removals of BODs, TN, and TP. Fe?*/H,0; reached
removals of 82% for BOD5, 86% for TN, and 80% for TP, while Fe?*/S,0s* reached removals of 93% for
BODs, 79% for TN, and 70% for TP.

Sludge production was higher in the Fe?*/H,O, process (1.9 + 0.3 mL/L) compared to the Fe?*/S,0s* process
(0.4 £ 0.2 mL/L) due to different Fe?* dosages. The Fe?*/S,0s% process showed higher removal efficiencies
for organic matter and surfactants without significantly affecting sludge production.
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For bacterial disinfection, the FF process achieved a bacterial removal of approximately 3 Log units for Total
coliforms (TC), E. coli, and P. aeruginosa. Fe?*/H,O, achieved complete inactivation of TC, E. coli, and P.
aeruginosa within 15 minutes, while Fe?*/S;0s%* achieved complete inactivation within 10 minutes. Some
bacterial regrowth was observed after FF, with minor regrowth between 24 and 72 hours. Fe?*/H,O, showed
no regrowth for E. coli, minor regrowth of TC after 72 hours, and regrowth of P. aeruginosa at 48 and 72 hours.
Fe?*/S;04% also showed no regrowth for E. coli, minor regrowth of TC after 72 hours, and regrowth of P.
aeruginosa at 48 and 72 hours.

Overall, the optimized Fe?*/S,0s> process demonstrated faster bacterial removal and disinfection kinetics
compared to the Fe?*/H,O, process, with lower Fe2+ concentrations. Fe?*/S;0s> process shows promise for
GW disinfection due to the effective activation of S;0s> and generation of SO, " radicals, even in the presence
of organic matter, although further research is needed.

3. Conclusions

This study combines FF and Fe?*/S,0s% processes for efficient real GW treatment, achieving significant COD,
TSU, and bacterial (E. coli, P. aeruginosa, TC) removals. FF attains 60-76% COD and TSU removal and over
50% bacterial reduction in 120 minutes. Fe?*/S;0s% outperforms Fe*/H,O, with lower Fe?* and higher
removals, meeting strict reuse regulations and generating less sludge. Radical scavenging tests confirm "OH
and SO, radicals. A kinetic model fits data well. This sustainable technology has global potential but should
address emerging contaminants and antibiotic-resistant bacteria for safe reuse.

Response plots for COD removal with H,0; (a) and S;0s% (b) as oxidant and TSU removal with H,0; (c)
and S,0g? (d) as oxidant in 30 min of treatment time
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1. Introduction

Trimethoprim (TMP) is among the most widely used antibiotics worldwide. TMP is widely employed as feed
additive in livestock industry. Since humans and animals can only metabolize about 20 % of TMP after
ingestion, high amounts of this drug are excreted and detected in the aquatic ecosystems. Recently, various
methods have been considered to treat TPM from water, including biodegradation, nanofiltration, reverse
osmosis, adsorption, and advanced oxidation processes (AOPs), among others. Although these techniques have
shown promising TMP removal efficiencies, some challenges still exist to select the best one, since all of them
show both advantages and limitations. In this study we compared two of the most promising TMP removal
techniques, such as adsorption and electrochemical oxidation (EO). The adsorption process of TMP was
examined by investigating the use of two different adsorbents, such as a commercial activated carbon (F400)
and a natural zeolite (NYT), and the impact of adsorbent dosage. For EO, the impacts of current density,
electrolyte composition and concentration on the TMP removal were examined. Finally, the two techniques
were compared in terms of treatment cost.

2. Results and Discussion

Fig. 1A shows that the rise in F400 initial dose consistently increased the TMP removal efficiency, achieving
the highest value of 70.6 % when 50 mg of F400 were added. This result may be due to the microporous
characteristics and the high surface area of F400 which implies the existence of a high number of available
adsorption sites on the adsorbent, However, the adsorption capacity decreased from 14.2 to 6.38 mg g by
increasing the adsorbent dosage. The outcome is likely due to phenomena of aggregation or overlapping of the
adsorbent that occur at high F400 dosage, resulting in a reduction of the surface area available for TMP
adsorption. Conversely, the NYT dosage displayed a less pronounced effect on the TMP removal. As
illustrated in Fig. 1B, raising the initial amount of NYT a slight increase of TMP removal occurred. The
adsorption capacity slightly decreased. This result may be ascribed to the low CEC of the NYT (1.90 meq g
1), as well as to the weak electrostatic interaction between the negatively charged NYT-surface and the TMP
moleculest. In aqueous media TMP is a weak base (pKa of 7.3). Since the adsorption tests were carried out at
pH of about 7, the TMP molecules are closed to their neutral form, so they cannot be strongly adsorbed to the
negatively charged sites of NYT surface.

About EO, the degradation was higher operating with NaCl, rather than NaNOs (Fig. 2A). As broadly reported,
the presence of CI" in solution leads to the formation of strong chlorine reactive species (CRS) on the anode
surface, which can degrade the TMP molecules through indirect EO Bl. As can be seen in Fig. 2B, the rate of
TMP removal decreased as the concentration of NaCl increased from 0.04 M to 0.08 M. A rise of the electrolyte
concentration, at constant current density, results in a decrease of the applied voltage. Thus, a corresponding
drop in the anode potential may have caused a lower generation of CRS. Increasing the ionic strength of the
solution may favor aggregation of antibiotics molecules, resulting in a lower sensitivity of the contaminants to
EO. Moreover, high concentration of cations may substitute the H* of the acidic groups in organic
contaminants, decreasing the effective hydrophobic surface area 1. Fig. 2C exhibits that increasing current
density from 40 to 120 A m a significant rise of TMP removal was observed, likely because higher amounts
of OH™ and CRS species were generated in the system. Acting at 200 A m™ no further increase in TMP removall
was achieved, revealing a transition to mass transport-limited conditions, and a possible enhancement of
parasitic reactions.
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As shown in Fig. 3, the treatment cost of EO performed at 40 A m2 with NaCl 0.04 M is comparable with the
treatment cost of adsorption. EO operating costs are strongly influenced by configuration and scale of the
reactor. For this reason, much attention and future investigations must be done to identify better operative
conditions which can lead to more cost-effectively treatments. Although adsorption process demonstrated to
successfully remove TMP, it simultaneously generates concentrated waste streams that need to be disposed of.
Conversely, EO technology can mineralize the organic contaminants, producing H-O and CO., which could
be dispersed in atmosphere or capture and converted in valuable products [,

3. Conclusions

Adsorption and EO were compared for TMP removal from water. The outcomes showed that the adsorption
process using F400 produced better results than the use of zeolite. EO demonstrated to be also effective to
remove TMP, and if Cl is present in decent concentrations it represents an energy and cost-saving strategy.
Cost analysis indicates that adsorption is comparable with EO if the latter process is performed under low
current density. In this case, EO is worth due to it does not produce any waste to dispose of. But EO may
produce undesirable oxidation by-products that may have to be managed. In conclusion, the choice of right
method will depend on a variety of factors, including the conditions of the wastewater, the desired level of
TMP removal, the cost and availability of resources.

Fig.3
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1. Introduction

Landfills have become a prevalent method for municipal waste disposal despite increasing recycling efforts.
However, the generation of landfill leachate (LL) is concerning due to its potential to contaminate water
sources. LL comprises wastewater from landfill moisture and rainwater. Its composition varies based on
landfill factors like type, age, and temperature’. LL treatment involves physical-chemical, biological, and
combined methods. Advanced oxidation processes (AOPS), generating highly reactive hydroxyl radicals
(*OH), show promise in LL treatment*. The Fenton process uses H,O, and Fe?* to produce *OH but requires
optimization for LL treatment®®, This study focuses on optimizing Fenton treatment for mature LL to enhance
pollutant removal, improve ratios like BODs: TN: TP, and reduce sludge production. The research employs a
factorial design with response surface methodology to optimize H.O, and Fe?* doses while assessing key
indicators like sludge-to-iron ratio (SIR) and organic removal-to-sludge ratio (ORSR). Overall, this study aims
to refine the Fenton process for mature LL treatment, making it more efficient and environmentally friendly.

2. Results and Discussion

In this study, RSM coupled with a two-level factorial design was employed to optimize the operating
conditions for the Fenton process. The perturbation plots and response surface plots revealed the effects of
varying Fe** and H.O, concentrations on the removal efficiencies of these parameters.

For COD removal, Fe** concentration had a slight positive effect, while H.O, concentration had a strong
negative effect. The oxidation effect generated by H.O, seemed to prevail over the coagulation effect of Fe?*.
The maximum COD removal achieved was 72% at a Fe?* concentration of 5000 mg/L and H,O- concentration
of 5000 mg/L. Similarly, BODs removal was influenced by Fe?* and H,O. concentrations, with a maximum
removal efficiency of 64% observed under the same conditions as COD removal.

Total nitrogen (TN) and total phosphorus (TP) removal efficiencies were also optimized using RSM. Fe?*
concentration showed a slight negative effect on TN removal, while H,O, concentration had a positive effect.
The maximum TN removal achieved was 98% at a Fe?* concentration of 7000 mg/L and H.O, concentration
of 7000 mg/L. For TP removal, Fe?* concentration had a strong negative effect until the midpoint, beyond
which removal efficiencies worsened. H.O, concentration had a strong positive effect, and the maximum TP
removal achieved was 97% at a Fe?* concentration of 3500 mg/L and H,O- concentration of 7000 mg/L.

The effects of Fe?* and H,O, concentrations on sludge formation and organic matter removal were evaluated
using the SIR and the ORSR. Both Fe?* and H,O. concentrations had negative effects on SIR, indicating
reduced sludge formation at lower reagent concentration. Fe?* and H,O- concentrations had positive effects on
ORSR, indicating enhanced organic matter removal at higher reagent doses. The optimization of the Fenton
process showed that the highest removal efficiency and the lowest sludge generation were achieved in the same
region, adjacent to the mid-levels of the factors.

According to RSM analysis, the optimized conditions for effective LL treatment using the Fenton process were
Fe?* concentration of 4262 mg/L and H,O concentration of 5104 mg/L (H.O2/Fe?* molar ratio = 2). Three
additional experiments were conducted to validate the models and optimization method. The optimized process
achieved an average COD reduction of 70 + 6% (final concentration: 1507 + 112 mg/L) and an average BODs
reduction of 68 + 8% (final concentration: 1047 + 115 mg/L). The H.O, consumption during the process was
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97 + 2%. Second-order kinetic models provided good fit for COD and BODs reduction. TN and TP removal
results confirmed oxidation followed by coagulation, with final concentration of TN equal to 61 + 1 mg/L and
TP equal to 12 £ 1 mg/L. The optimized process also achieved the desired BODs: TN: TP ratio for biological
post-treatment (100:6:1). Fenton oxidation effectively reduced COD and BODs before biological treatment.
The process resulted in low sludge formation and high organic matter removal (SIR = 1.147 £ 0.06 L/mol,
ORSR =33.79 £ 2.2 g/L). The cost analysis showed that Fenton reagents accounted for the main costs, with
total costs of $22.22/m? of treated LL and $6.39/kg of COD removed. Acidification and neutralization costs
were relatively low. The results were comparable to other studies, emphasizing the importance of optimizing
the Fenton process and minimizing sludge production to reduce overall costs.

3. Conclusions

This study evaluated the Fenton process for real LL treatment, focusing on organic matter and nutrient removal.
It explored Fenton as a pre-treatment for biological processes. RSM analyzed H,O, and Fe?* dosages' effects
on COD, BODs, TN, TP, SIR, and ORSR removal. Optimized conditions enhanced removal efficiencies and
the BODs: TN:TP ratio, while minimizing sludge production. Ideal conditions were Fe?* concentration of 4262
mg/L, H.02 concentration of 5104 mg/L, and an H.O,/Fe?* molar ratio of 2. This study showcases RSM's
effectiveness in optimizing Fenton treatment, benefiting LL treatment economically and environmentally.
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1. Introduction

Recently, the huge population growth resulted in a higher worldwide food requirement. To address this need
the number of livestock farms is drastically increased, causing water consumption and wastewater generation
warming. These wastewater contain several contaminants, including high amount of nitrogen compounds, thus
appropriate treatments are required before their discharge in water bodies. Excess of nitrogen in water causes
environmental/health/social riskst*? such as eutrophication, risks of blood methemoglobinemia, and depletion
of water quality, among others. So far various technigques have been developed to remove nitrogen compounds
from wastewater such as physical, biological and chemical oxidation methods. Electrochemical oxidation
(EO), belonging to the class of AOPs, is an innovative and promising method to treat nitrogen-impacted
wastewatertl,

In this preliminary study, EO was used to remove total nitrogen (Ntor) from a livestock wastewater (LWW)
sampled in a farm located in Campania region. First, the effect of different electrode materials on Ntor removal
% was investigated by treating a synthetic sample. The optimized condition was adopted to treat the LWW.

2. Results and Discussion

EO experiments of the synthetic wastewater were performed at 25 °C in a lab-scale batch reactor of 0.250 L,
by treating a 50 mg/L NH.CI solution, which contained an initial Ntor concentration of 15 mg/L. The net
treated working volume was 250 mL. The baseline experimental conditions were previously optimized by
lovino et al®. The electrochemical apparatus consisted of two electrodes, with an active area of 50 cm?for each
one and a gap of 1 cm. The electrodes were connected to a DC power supply BPS-305 (Lavolta, London, UK),
allowing it to operate in amperostatic conditions. The effect of different type of anodes on the Ntor removal
% was investigated by operating with: 1) platinum coated titanium (Ti/Pt), 2) iridium/ ruthenium coated
titanium (Ti/Ru-Ir), and 3) boron doped diamond (BDD). Consequently, the best anode type was used to
perform a fourth EO by means of a stainless steel (SSL) cathode. NaCl with a concentration of 250 mg/L was
used as electrolyte. The applied current intensity was 0.15 A and treatment time was 180 minutes. During, the
second step, the optimized operative conditions, in terms of electrode materials, were adopted to treat the
LWW. This real sample was collected from livestock farm located in Villa di Briano, CE, Campania, Italy
(Fig.1a).

Fig. 1b shows the impact of the application of different electrode materials on the Ntor removal efficiencies.
As can be seen, the Ntor degradation efficiency was roughly 0% (grey points), 64% (blue points), 79% (light-
blue points), 96% (orange points), by operating with a pair of Ti/Pt, a pair of BDD, a pair of Ti/Ru-Ir, and with
Ti/Ru-Ir as anode and SSL as cathode, respectively. Considering the first three experiments, the higher
performances shown by the pair of Ti/Ru-Ir with respect to the pair of Ti/Pt and BDD is even clearer after only
60 min of treatment, where the maximum Nror removal was already reached. Although the mechanism of EO
of nitrogen compounds removal from wastewater is complex, many researchers stated that the process takes
place mainly through indirect oxidation by means of electrogenerated chlorine reactive species (CRS), in acidic
conditions®. When NaCl is used as electrolyte, the generation of CRS (HCIO, OCI-, Cl,) on the anode surface
is obvious. The lower Nror degradation efficiency shown by BDD was due to the lower intrinsic capacity of
non-active materials to generate in-situ CRS. The unexpected Ti/Pt inefficiency may be attributed to adsorption
competition reactions between the nitrogen species, and oxidizing species on the anode surface, resulting in
blocking effect of the active sites and hindering the oxidation efficiency of the anode. Finally, the highest Ntot
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removal achieved using Ti/Ru-Ir as anode and SSL as cathode may be ascribed to the high ability of SSL to
produce H,0-, a weak oxidant that can be involved in the Ntor degradation. Moreover, the SSL cathode allows
to operate at lower applied voltages with respect to Ti/Ru-Ir, involving less undesirable side reactions and
increasing the process efficiency.

Fig. 1C depict the results of the EO treatment performed on the LWW, by means of the optimized electrode
configuration reported above. After 3 hours of treatment, about 67% of Ntor degradation was obtained,
implying the effectiveness of the technique in treating the real sample.

3. Conclusions

EQO is an efficient process to remove nitrogen compound from wastewater. This study pointed out that the Ntor
removal is strongly affected by the material of the electrodes used. Ti/Ru-Ir, belonging to the class of non-
active anodes, showed the highest Ntor removal %, with respect to BDD and Ti/Pt electrodes. Indirect EO
mediated by CRS may be the main degradation mechanism involved in the process. The soaring price of
iridium hampers the spread of practical application of this material. So, the use of SSL as cathode material is
a cost-friendly strategy, which allows to achieve even higher Nror degradation. Efficient treatments of

livestock LWW constitutes crucial strategies to restore and reuse water in agriculture: a good circular economy
practice.
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Fig. 1: a) LWW Sampling point; b) Effect of different electrodes materials on the Ntor degradation; ¢) Ntor Removal
from the LWW using Ti/Ru-Ir anode and SSL cathode.
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1. Introduction

Surfactants are widely used in detergent formulations for personal care, household cleaning products, and in
different types of industries such as textile, polymers, cosmetics, pharmaceuticals, and oil recovery. The
removal of surfactants from urban and industrial effluents is essential because they would cause severe issues
to the environment, including foam formation, eutrophication, and toxicity towards some aquatic organisms?.
However, surfactants are very difficult to be removed using conventional treatment methods. Due to their
persistence and their harmful effects, they have been classified as CECs (Contaminants of Emerging Concern)?.
To remove ubiquitous CECs, in recent years advanced oxidation processes (AOPs) have drawn much attention.
Among AOPs, photo-Fenton process (UV/H202/Fe**) can be considered the most promising technology.
Despite its efficiency, however, the high energy consumption and the need to reach strongly acidic pH have
limited its feasibility on most wastewater treatment plants so far. For this reason, researchers have been
working on the development of new catalysts capable of activating H-O: in photo-Fenton processes even at
circumneutral pH3.

2. Results and Discussion

Thus, in this study a new, green, and fully biodegradable complex, ferric iminodisucinate (Fe-1DS), has been
tested for the first time herein as catalyst in (photo) Fenton-like processes for the degradation of surfactants
belonging to different classes. Fe-IDS catalyst proved to be effective in the degradation of each tested
surfactants (>75% COD removed). Given those results, the TOF* of Fe-IDS catalyst have been calculated.
Furthermore, the faith of the catalyst has been investigated within the photo Fenton-like process. Moreover,
Fe-IDS-supported photo Fenton-like processes were performed also under visible light irradiation, to evaluate
the possibility to replace the more energy-demanding UV-C irradiation source for the degradation of Sodium
Dodecyl Sulphate (SDS).

3. Conclusions

Fe-IDS catalyst proved to be effective in the activation of H.0O2 in photo-Fenton processes at neutral pH for
the degradation of each targeted surfactant. Even under visible irradiation a high degradation of SDS (85% in
5 hours) was achieved at expense of a slower kinetics compared to UV-C irradiation (>95% in 2 hours).

The catalyst itself has been proved that it undergoes to complete mineralization within the photo Fenton-like
process.
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1. Introduction

Phthalic acid esters (PAES) represent a growing threat to human health and ecosystems due to their ability to
bioaccumulate in the tissues of living organisms, resulting in several detrimental effects (e.g., hormone balance
disorders) [1]. Despite restrictions to the use of PAEs as additives, their concentration in environmental and
food matrices will certainly continue to increase due to the use of plastic materials which contain this class of
compounds.

In this regard, monitoring of the distribution of PAEs along the trophic chains is needed, together with the
identification and optimization of innovative and eco-sustainable processes for their removal from
environmental matrices.

Based on previous studies of other persistent organic pollutants, seaweed-mediated phytoconcentration could
represent a sustainable bioremediation solution [2]. Ulva lactuca’s ability to uptake PAEs over time has been
assessed by exposure to different concentrations of contaminated sediments under controlled conditions for 31
days. Once the uptake from contaminated sediments was verified, the efficacy of the photoinduced degradation
of the PAEs accumulated in algal matrices was evaluated.

2. Results and Discussion

The experiment lasted 31 days and matrices of interest were analyzed at 5, 12 and 31 days. The analyses of the
phthalic esters in both treated and control samples were carried out by gas chromatography coupled with mass
spectrometry (GC-MS). Surprisingly, the highest concentrations of PAEs were found in algae exposed to
sediments with the lowest analytes concentration. The control sediment also contained PAESs. During the
experiments, the concentration of PAESs in the sediments showed a 95% decrease, whereas it showed a 14-fold
increase in U. lactuca. Furthermore, this experiment recorded the highest values of the biota-sediment
accumulation factor (logi10BSAF). Similarly, the total PAEs in the sediments of the experiment at 5 ppm and
10 ppm showed a decrease of 53% and 64%, respectively. A high uptake rate by U. lactuca was recorded
between the first and second day of sampling in microcosms where sediments were prepared at concentrations
of 50 and 100 ppm. Instead, at the third sampling time, no increase in the concentrations of the six PAEs was
observed in the algae. Indeed, between the second and third day of sampling, the total PAEs in the sediments
did not change significantly for the experiment at 50 ppm, while they increased in the experiment at 100 ppm,
probably due to the release of contaminants from the algal matrix to the sediments. It should be noted that in
both microcosms all algal matrices died between the 2nd and 3rd day of sampling.

The danger of phthalates derives from their ability to interact with the organic components of cell membranes,
depending on PAEs octanol-water partition coefficient (log Kow) values. Consequently, algal matrices were
richer in PAEs with the highest values of log Kow and molecular weights (DEHP and DNOP). Considering the
significant uptake of PAEs by algae, as recorded for all exposure levels, the first sampling point was chosen
to perform photodegradation tests at different concentrations of PAEs (0, 10 and 100 ppm). In the control
microcosms’ seaweed, degradation of the six PAEs reached 26% after 30 minutes, 56% after 1.5 hours, and
75% after 8 hours of irradiation. In a similar manner, algae treated with 10 ppm showed increased degradation
after 30 minutes, with total PAEs removal of 28%, while this percentage increased to 63% at 1.5 hours, and
79% after 8 h of irradiation. Algal matrices exposed to 100 ppm showed lower rates of PAE removal upon
photodegradation. After 0.5 hours the total PAEs removal was 22%, reaching 55% at 1.5 hours and finally,
after 8 hours of exposure to UV rays, 68%. In general, it was observed that a lower concentration of PAE in
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U. lactuca corresponded to a higher efficiency of both accumulation (indicated by logi0BSAF) and
photodegradation (more than 70% removal of all phthalates in 8 hours).

3. Conclusions

These results, demonstrate the effective uptake capacity of U. lactuca, and related high rates of
photodegradation at low PAEs concentrations (close to environmental ones). These results pave the way to
future research in the development and optimization of environment-scale bioremediation processes.
Furthermore, they suggest a potential use of algal matrices to mitigate the impact of ubiquitous pollutants such
as PAEs and all those easily adsorbed and/or photosensitive. This approach could also form the basis of a
virtuous cycle of reuse of algal biomass, where scientific research, development of green technologies and
good practices in managing natural services play a fundamental role.
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Ulva lactuca highlights its potential application in environmental bioremediation.
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1. Introduction

Cr(VI) is known to be a highly toxic, carcinogenic and non-biodegradable pollutant, that is massively used in
different industrial processes and can be commonly found in industrial effluents. Different technologies have
been investigated for Cr(VI) remediation and, in the last years, large interest has been demonstrated towards
the photoreduction/photocatalysis of Cr(VI) species to environmentally friendly Cr(Ill) ions due to its
efficiency, low cost and no dangerous chemicals production?.

In this context, microbial biosynthesis processes constitute a cost effective and environmentally friendly
alternative to produce biomolecules of technological interest?2,

This work shows new insight about UV-light driven photochemical degradation of fluorescent pigments
produced by an Antarctic bacterium that, under UV-irradiation, was able to photo-reduce Cr(VI) to Cr(ll1),
which is less toxic and easier to remove by precipitation. These pigments have been spectroscopically
characterized and identified by HPLC-DAD-FLD and HPLC-MS-MS analyses. The Cr(VI) photoreduction
and the pigments photo-oxidation were investigated by UV-Vis and photoluminescence spectroscopy,
respectively.

2. Results and Discussion
A mix of fluorescent pigments, biosynthesized by an Antarctic salt tolerant Pseudomonas bacterium, were
characterized as siderophores, that are typical bacterial metabolites produced during iron deficiency, due to
their strong ability to chelate iron*. These biosynthesized pigments, in aqueous solution, showed a pale-yellow
color and the pH was at around 6. The characterization by UV-Vis measurements showed the typical features
of pyoverdine compounds with different spectral changes as function of the pH that can be attributed to the
protonation and deprotonation of -OH groups of the dicarboxylic acid, and of the catecholate group present in
the di-hydroxyquinoline structure, the fluorescent chromophore*®. The fluorescence of the pigments solution
changed as function of the pH showing different emission behavior at acidic, neutral and basic pHs.
Specific HPLC-DAD-FLD and HPLC-MS-MS methods were developed, and the best separation of the
compounds was achieved by using the mobile phase: 90% (H2O, 0.1% Formic acid) and 10% (MeOH, 0,1%
Formic acid) with C-18 column; the DAD wavelengths were set at 306, 366 and 374 nm. The DAD
chromatogram showed two main peaks at around 12 and 14 min, while the signal in FLD evidenced the high
fluorescence of the compounds. The HPLC-MS/MS analysis allowed to detect the presence of three different
pyoverdine molecules in the sample, in fact two pyoverdine coelute together, but by MS-spectrometer can be
easily detected.
The properties of these pigments were therefore largely examined; in particular, the siderophores solutions
were irradiated under UV-light and sunlight, and the ability to absorb photon was largely investigated and
confirmed by UV-Vis spectral changes, demonstrating the photooxidation resulting in a fast degradation of the
molecules.
The important perspective of the present finding was to use these pigments as potential photo-reducing
molecules for the Cr(V1) under the presence of UV light. In that case, the mix of these pyoverdines was added
to a synthetic contaminated Cr(\V1) aqueous solution (15 ppm) and irradiated by UV-light (365nm). In these
experimental conditions, Cr(V1) was present as HCrO4 as the predominant form; a decrease in absorbance in
the range between 350 and 400 nm during time, combined with diphenylcarbazide test® for the Cr(VI)
detection, demonstrated the photodegradation/oxidation of the pyoverdines and the consequent reduction of
Cr(VI) to Cr(l11), confirming the ability of these molecules to photo-reduce the hexavalent form of chromium.
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In addition, the further decrease of fluorescence demonstrated the pigment’s photooxidation; similar results
were obtained when the same procedure was performed under natural sunlight exposure.

3. Conclusions

The present study investigated the features of a mix of bacterial pigments. A newer and green perspective has
been reported regarding the use of these compounds that are able to perform the photoreduction of toxic Cr(VI)
to Cr(111), with their complete photodegradation under UV-light or solar irradiation.

In fact, under UV-radiation or natural sunlight, a simple photocatalytic experiment revealed that very small
guantities of these pigments are highly efficient for the quantitative reduction of Cr(VI) to Cr(lll) in synthetic
contaminated water containing 15 ppm of Cr(VI).

These results highlight the remarkable performance of these natural compounds and therefore represent a
promising potential for purifying contaminated water resources.
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1. Introduction

Earthen building materials have been used in various parts of the world throughout history. However, they are
inherently vulnerable to degradation owing to environmental factors, and, therefore, the structural integrity
and long-term durability of earthen structures are often compromised. This project investigated the
effectiveness of silicate-based consolidants, specifically a nano-silica-based product, potassium silicate, and
lithium silicates. Mock-ups miming an archaeological sample were subjected to treatment and comprehensive
assessments. The effects due to the application of the consolidants were assessed considering possible chemical
interactions with the clays (X-ray, ATR-FTIR, and Raman analyses) and the enhancement of the physical-
mechanical properties. The latter were evaluated through water absorption measurements, surface abrasion
and micro-drilling tests, and scratch tests. Furthermore, a preliminary sustainability assessment using open
LCA software was conducted to assess the environmental impact and sustainable attributes of the consolidation
materials.

2. Results and Discussion

The compositional analysis of the archaeological sample revealed its primary components as clay (70%), then
sand (19%), straw (7.4%), and calcium carbonate (3.5%). Montmorillonite was identified as the predominant
clay mineral present [1], and two sets of mock-ups were prepared using bentonite and sepiolite in addition to
calcium carbonate, sand and straw in the same percentage present in the archaeological sample.

A commercial nano-silica-based consolidant (Nano Estel, CTS Italy), potassium silicate, and lithium silicate
were applied with a SiO, concentration of 15% for the three consolidants. The study of a possible chemical
reactivity of the consolidants with the earthen samples was initially performed by adding to the different clays
(sepiolite and bentonite) the consolidants and comparing the XRD, ATR-FTIR and Raman spectra of the
mixture with those of the single compounds. The X-ray diffraction showed slight variations in the clay,
possibly related to changes in the silica patterns of the mixture, along with the formation of different silica
phases following the curing period [2]. ATR-FTIR and Raman analysis indicated intensity and shape variations
in different regions associated with stretching Si-O-Si and OH groups among the three products.
Colourimetric analysis, quantified through AE values before and after treatment, indicated noticeable
chromatic modifications, detectable by the human eye (AE > 5), except for lithium silicates on sepiolite. A
general increase in L* and b* values indicated a lighting and yellowing effect after treatment [3].

Abrasion tests were conducted to evaluate the hardness of the post-treatment surface compared to untreated
samples. Weight loss measurements were recorded at one-minute intervals over three total minutes.
Nanosilica-based consolidant and lithium silicate exhibited lower weight losses compared to potassium silicate
in bentonite, with losses of 0.8%, 0.9%, and 2%, respectively. Similar trends were observed with sepiolite
samples, with weight losses of 0.4% for nano-silica, 0.8% for lithium silicate, and 0.3% for potassium silicate.
Furthermore, the abrasion test, combined with the results obtained from the drilling test, provided insights into
the ability of the consolidants to penetrate and homogenously distribute inside the samples. Capillary
absorption tests demonstrated a moderate reduction in absorption for all the treated samples, resulting from
decreased open porosity. The results were compared to the values of the untreated samples for accurate
assessment [4].

The results were also evaluated alongside the findings obtained from the open Life Cycle Assessment (LCA)
software to recommend the most ecologically sustainable product before and after application.

XX Congresso della Divisione di Chimica dell’Ambiente e dei Beni Culturali, 28 Settembre-01 Ottobre, 2023. Ischia. 111


mailto:elizen@unive.it

“@\ OoP47

Divisione di Chimica
Ambiente e Beni Culfurali

3. Conclusions

Nano-silica, potassium silicate, and lithium silicate as consolidants for earthen artifacts were investigated on
laboratory specimens reproducing the composition of an archaeological sample, made of clay, sand, straw, and
calcium carbonate, with montmorillonite as the primary clay mineral. Modifications on the treated samples
were observed through XRD, ATR-FTIR, and Raman analysis with the use of silicate products and they
suggest a chemical interaction with the sample materials. Noticeable chromatic changes were detected by
colorimetric analysis, while abrasion and capillary absorption tests demonstrated better nano-silica-based
consolidant and lithium silicate performance. The study provides valuable insights into the conservation and
damage preservation of earthen heritage buildings.
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1. Introduction

The degradation process of artwork on cultural heritage can be caused by environmental conditions,
temperature, UV rays, and humidity, that accelerate the aging process by changing their chemical structure
and starting biological attack, alteration, chemical modification, material loss, and interaction between
different materials.

2. Results and Discussion

New sustainable material made with natural halloysite nanotubes and Keratin was studied for the protection
and consolidation of artwork. This innovative green nanocomposite material was tested as a coating layer for
the treatment of wool samples, keratin-based on cultural heritage. SEM and optical microscope analysis
showed that treated samples were covered without creating any significant variations in the structural shape of
the wool. The consolidation % effect of Hal/Keratin treatment was investigated by comparing treated samples
at different concentrations of nanotubes with untreated samples. The amino acid cysteine, content on keratin,
interacts with wool keratin and cross-links through disulphide bonds restoring wool degradation. After UV
exposure of treated and untreated wool samples, the protective efficacy of Hal/Keratin treatment was
investigated by mechanical analysis, and it was demonstrated an improvement of stress at breaking (average
ca. 30%) and Young Modulus (average of ca. 58%) for treated samples related to the untreated wool sample.
Hal/Keratin treatment (R na:k=0.5) was applied to a wool historical yarn sample from a Flemish tapestry of
the XVI century and analysing tensile properties of treated historical yarn compared to untreated sample,
historical yarn acquired mechanical resistance after Hal/K treatment.

3. Conclusions

In conclusion, the application of Hal/Keratin dispersion on historical wool confirmed that is a promising
consolidation and protective coating for wool samples. Keratin dispersion allows to create a film as a
reinforcing coating for wool damaged, and halloysite nanotubes to enhance the mechanical resistance of wool
sample.
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1. Introduction

The PROCRAFT European project aims at developing conservation procedures for historical aircraft. In this
framework, 3-mercapto-propyl-trimethoxysilane (PropS-SH) and Cutin coatings were tested as green
alternatives to Paraloid B72 (PB72).

Two historical Al alloy (ca. 4 Cu, 0.6 Mg, 0.2 Si, wt.%) components were sampled: (i) One rolled fuselage
plate retaining original paint with Zn and Ti pigments, and (ii) a wrought propeller blade with marine corrosion.
Coupons from each one were investigated in uncoated, PB72-coated (benchmark), Cutin- or PropS-SH-coated
conditions.

After documentation, the samples were artificially aged for a 20 days total under runoff conditions with
synthetic acid rain (AR), to be followed by 14 days of climatic chamber ageing in the dark and under UV-A.
Documentation included weighting, profilometry, colorimetry, professional photography, 3-D digital
microscopy, scanning electron microscopy coupled with energy dispersive spectroscopy (SEM-EDS),
attenuated total reflectance Fourier transform infrared (ATR-FTIR) and Raman spectroscopies.

AR was analyzed by atomic emission spectroscopy (MP-AES) to measure metal release (Al for corroded and
Zn for painted samples).

2. Results and Discussion

As regards metal release from corroded samples of the propeller blade, PB72 coating seems to lower the release
of Al by almost an order of magnitude in respect to uncoated samples. Measuring Zn release from the painted
samples proved less diagnostic, as Zn release from unprotected painted samples decreased and disappeared
after the first dripping phases due to fast depletion by leaching.

Therefore, more attention was given to surface modifications in terms of chemical, topographic and mass
changes. SEM-EDS proved particularly diagnostic: Unprotected corroded samples showed an increase in Al
and Cu concentration, and a decrease in Ca, pointing to concretion dissolution. When these samples were
protected with PB72, in addition to the C and O signals coming from the coating, low signals of Ca and Si
from surface concretions were detected, as well as low Al signals coming from the substrate.

For unprotected painted samples, ageing led to an increase in Ti and Fe contribution on the surface, and a
decrease in Zn (due to the higher solubility of Zn pigments). Instead, after ageing PB72-coated painted
samples, the initial C and O signals coming from PB72 were modified by a higher contribution of Zn followed
by Tiand S, pointing to the higher solubility of Zn compounds, and revealed the apparition of bubbling defects
in the PB72 coating.

The aesthetic impact of the color change caused by coating and ageing was assessed by colorimetry and by
processing professional registry images in ImageJ, considering only color changes above the relative standard
deviation. For the corroded and painted uncoated samples, ageing caused a total color variation (AE) between
3and 3.5.

Regarding PB72, coating created no significant difference in corroded and painted samples, as neither did
PropS-SH coating on painted samples (AE < 1.7). Even after ageing, these samples showed negligible color
variations (AE < 3).
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Cutin application caused yellowing for both corroded and painted samples. Such color changes might be due
to carotenoid impurities from the tomato source material for Cutin production. However, after ageing, samples
coated with Cutin showed color variation always well within the acceptable threshold (AE <5), especially for
painted samples.

Runoff ageing and testing is underway for samples coated with Cutin and PropS-SH, together with climatic
chamber ageing of all samples. Metal release, SEM-EDS, color and mass variation evaluations, will allow to
better understand the advantages and limitations of each protective coating.

3. Conclusions

Thus far, PropS-SH seems a good alternative to Paraloid B72. Cutin, due to its yellowish color contribution,
does not seem recommendable yet for cultural heritage protection applications on white/silver metallic
surfaces. Future improvements for the production of less-colored cutin polymer could solve this issue and
enable its use as a naturally-sourced, non-hazardous alternative for heritage aluminium substrates, particularly
when dark, heterogenous or exposed under irregular illumination conditions.

Accelerated ageing scheme

Runoff Climatic Chamber
T, RH%, UV-A cycles
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surface
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Fig 1.Artificial ageing scheme
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1. Introduction

Matte and weakly bound paint layers represent nowadays a very difficult conservation challenge. These are
typically found in modern and contemporary art since artists have used industrial paint formulations rich in
additives and not conceived to last long. Paintings can exhibit fragile or powdering surfaces even before natural
aging takes its course. Commonly used conservation practices lack satisfactory consolidants to target such
demanding challenges. Traditionally, conservators apply natural and synthetic organic adhesives to re-adhere
the powdering painted layers and strengthen the paint layers but these approaches prove detrimental as such
materials can modify significantly the optical properties of the treated surfaces.

Alternatively, the development of tailored consolidants for art objects starting from renewable natural sources
appears as a sustainable route, provided the new materials cope with specific requirements.

2. Results and Discussion

Starch is a promising candidate, being low-cost, renewable, and non-toxic. However, we expected that its
effectiveness and applicability would be boosted if starch nanoparticles (SNPs), rather than the bulk polymer,
were used. The reduced size of SNPs should allow efficient penetration inside the porous paint layers, avoiding
the formation of thick surface coatings that provide only superficial consolidation and can alter the paintings’
appearance. Upon solvent evaporation, the particles are expected to form a homogeneous network through the
paint section, and micro-junctions that strengthen the weak paint layers. The high surface-to-volume ratio of
the SNPs is also expected to enhance the adhesivity of starch to the pigments, thanks to the great number of
surface interactions via hydroxyl groups.

Acid hydrolysis is commonly used to obtain starch nanoparticles, as it removes the amorphous portion of the
polymer ‘but this method was not suitable for our purposes due to the high volumes of concentrated acid
required, the low yield of the process (below 1 %), long preparation time (ca. 1 week), and high polydispersity
of the obtained particles. Alternatively, a bottom-up method based on the dissolution of starch in alkali and the
precipitation of the gelatinized polymer in a non-solvent (ethanol), was considered a promising approach being
simple, robust, time-effective, and able to produce nanoparticles with desired size. Here, we changed and
optimized this method, and selected “Jin Shofu” (an easily accessible gluten-removed and purified wheat
starch) as the starting bulk material. The dry Jin Shofu Starch NanoParticles (SNPs) were analyzed by means
of FTIR, XRD and DSC, hefore their re-dispersion and application. The obtained dispersions were also
investigated to determine their stability. Ethanol was also considered, blended with water, to redisperse the
SNPs. Even though its non-solvent character towards starch promotes some aggregation of the particles, the
presence of ethanol in the dispersing medium favours the possibility to apply SNPs onto water-sensitive paint
layers, which are frequently found in art conservation. Besides, this solvent is a good choice as a particle
carrier, as it provides a good balance between surface wettability, volatility and low toxicity.

The amount of pigment removal from the mock-up surface, before and after the application of the SNPs
dispersions, was determined. This value was semi-quantitatively measured by using an in-house micro-
sampling protocol based on the controlled-contact and pigment-sampling by using a fiberglass filter (1 cm?),
that allowed us overcoming the limitations of traditional scotch tape and cotton swab tests. When no
consolidation treatment is carried out on the paint, the average pigment coverage of the filter is ca. 44%, which
is cut down to 1.5-3% when the paint layer is strengthened with the SNPs. This indicates that the starch
particles effectively provided re-cohesion of the loose pigment grains, as both the water-ethanol and water
dispersions proved highly beneficial; the latter is even more effective, consistently with the more complete
particles’ penetration observed through the paint cross-sections.
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3. Conclusions

Jin Shofu starch nanoparticles (SNPs) were obtained through an optimized bottom-up approach based on alkali
dissolution and non-solvent precipitation. This method was applied, to our knowledge, for the first time for the
consolidation of fragile, poorly bound paint layers. Our synthetic approach is robust and reliable (yield > 97%),
does not use additives potentially harmful to the paints, and can be tuned to obtain globular particles with
different size distributions.

Testing of the newly developed formulation was applied to fragile, matte ultramarine blue paint layers,
simulating the commonly found conservation issues of Edward Munch’s works, which suffer from an extreme
deterioration because of artistic experimentation and debatable handling and storage habits of the artist.

BULK STARCH

JIN SHOFU

SNPS
JIN SHOFU

SNPs nanoprecipitation in ethanol
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1. Introduction

Bronze outdoor statues are usually perceived covered by a patina resulting from their exposition to the
environment. This patina has an important aesthetic and passivation role on the surface; however, it does not
hamper the degradation processes promoted by external agents such as pollution, UV rays and relative
humidity.[1] In these circumstances, it is important to find a suitable method to slow down these unwanted
processes. The most employed protection methods are coatings. The most used ones, as waxes and Incralac®,
have significant drawbacks: waxes’ lifetime is short and their application is not reversible, while Incralac® is
formulated with benzotriazole that is suspect of being cancerogenic. [2][3] Here it is described a multi-
analytical study of the intrinsic properties of new types of coatings containing a combination of a corrosion
inhibitor, a light stabiliser and an acrylic resin applied in solution with a non-toxic solvent. The approach we
have used in this research is meant to identify the most light-stable coatings and then proceed in a subsequent
phase to an in-depth study of their inhibition efficiency by applying them on the surface of patinated bronze
mock ups.

2. Results and Discussion

This research focused on the study of several coating formulations composed of Paraloid® B44, (ethyl
acrylate/methyl methacrylate copolymer) with different percentages of corrosion inhibitors, AEDTA (2-
amino-5-ethyl 1,3,4 thiadiazole) and MPT (5-mercapto-1-phenyltetrazole), light stabilisers Tinuvin®312 and
Tinuvin®5050, in solution with a green solvent, 1-methoxy-2-propanol. The obtained solutions were first
applied on inert supports to study the coatings’ light stability. They were artificially aged in a UV chamber for
one thousand hours and they were regularly monitored by means of FTIR analyses in ATR mode and
colorimetric measurements. At the beginning and at the end of the ageing process DSC analyses, double-shot
py-GC/MS and determination of the insoluble fraction were performed. The multi-analytical approach allowed
the study of the intrinsic properties of the coatings and of their single components: the outcomes suggested
that AEDTA, MPT and the light stabilisers have a different behaviour under UV stressing. For what concerns
corrosion inhibitors, the coatings containing AEDTA do not change colour over time whereas the ones with
MPT yellows at the very beginning of the artificial ageing. Photostability was studied by means of FTIR and
py-GC/MS analyses in double-shot mode. By monitoring the characteristic IR absorption peaks of both
corrosion inhibitors, it was outlined that they do not last over time inside the coatings; however, py-GC/MS
analyses pointed out a different behaviour: AEDTA is stable as its structure is unaltered after UV exposure
while MPT showed degradation products after 1000h of ageing. The difference of glass transition temperature
between unaged and aged samples highlighted that both the corrosion inhibitors are prone to embrittle the
coating but with the addition of light stabilisers this drawback is reduced. The insoluble fraction is decreased
as well by the addition of the two light stabilizers. This suggested that UV stabilizers are needed also to improve
mechanical properties of the coatings. As a matter of fact, py-GC/MS unveiled that Tinuvin ® 312 is more
stable than Tinuvin ® 5050: after ageing, the structure of the first one is unaltered while the latter is not present
anymore. To further study the permanence of corrosion inhibitors in the coating during ageing, bronze mock
ups were employed. Four types of coatings were selected and applied by brush. In addition to the all-in-one
monolayer coatings, multilayer coatings were also prepared by dipping bronze mock ups in a solution of
corrosion inhibitors and subsequently applying a film of Paraloid ® B44 by brush. They were aged at the same
conditions of the previous samples and monitored through PUFTIR in reflection mode and colorimetry; py-
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GC/MS analyses were performed at time zero and after 1000h of ageing. Considering AEDTA, the two-step
application gave worse results both from the photostability and from the colorimetric points of view; moreover,
the inhibitor was clearly unevenly distributed. Even though MPT did not leave the coating and was
homogeneously distributed, the change of colour was unacceptable. The all-in-one coatings containing
AEDTA provided better results in terms of AEDTA distribution and permanence in the coating.

3. Conclusions

This research highlighted the major advantages and the drawbacks of multicomponent coatings and their single
components, together with the most appropriate type of application. It was found out that AEDTA performs
better than MPT: it does not change colour over time, it interacts preferably with the bronze surface and it is
photochemically stable even if FTIR analyses show that is partially lost over time. It was demonstrated that
the light stabilisers are needed for improving the mechanical properties of coatings, however Tinuvin ® 5050
is not stable after ageing, so Tinuvin ® 312 is the preferred one. Considering all the results and the application
on bronze mock ups, a type of coating containing AEDTA and Tinuvin ® 312 was selected for further studies
on anti-corrosive properties.
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Fig.1 Composition of the formulated coatings
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1. Introduction

Motion picture films made of cellulose triacetate (CTA) are subjected to chemical degradation mainly due to
the “vinegar syndrome”. It concerns the cleavage of the ester bonds between the acetate group and the cellulose
chain through ester hydrolysis (deacetylation), with the formation of hydroxyl groups and the release of acetic
acid [1,2]. It is strictly influenced by temperature, moisture and acidity: the released acetic acid acts as a
catalyst for the reaction and induces an autocatalytic process. By-products of deacetylation can promote, also,
the hydrolysis of the glycosidic bonds of the cellulosic backbone [3]. In addition to the smell, the deformation
of the support and the detachment of the emulsion layer are the main macroscopic symptoms of this
phenomenon and can strictly compromise the usability of the films [3,4]. On these bases, reducing
environmental moisture and removing alteration by-products from the storing environment is mandatory to
limit this degradation process. The most important goal of this project is to set-up up an innovative chemical
approach to inhibit and/or prevent the vinegar syndrome through the use of soft matter and nanotechnologies.

2. Results and Discussion

The efficacy of various treatments based on sponge-like systems and metal oxide nanoparticles are evaluated
by characterizing samples of motion picture films made of cellulose acetate on which the vinegar syndrome
has been artificially induced. The idea was to set up systems able to neutralize acetic acid, which acts as a
catalyst for the deacetylation reaction, and also as an alkaline reserve to prevent further degradation

Samples have been characterized before and after the aging, within and without the treatment, by different
techniques. The decrease in the acetyl content has been monitored by Fourier Transform Infrared - Attenuated
Total Reflected Spectroscopy (FTIR-ATR) in a non-destructive and non-invasive way: the ratio between the
intensity of a peak associated with the acetyl group and the intensity of a reference peak, assuming that it does
not vary during the aging, was calculated [5,6]. These data are validated by titration and free acidity tests [7].
In addition, the variation in mechanical and thermal properties was evaluated by Tensile Tests and
Thermogravimetric Analysis (TGA).

In artificially aged samples, it has been possible to appreciate a decrease in the acetyl content, confirmed by
both the titration tests and the spectroscopic data, an increase of the free acidity (which corresponds to the non-
esterified acetic acid produced and adsorbed by the CTA film). These results prove that the deacetylation
process has been induced on untreated cellulose acetate-based films. On the other hand, treaded samples
showed an important slowdown in deacetylation, probably due to the neutralization of acetic acid due to the
treatment: deacetylation content did not sensibly vary and the free acidity decreased during the aging.

Tensile strength measurements showed a decrease in Young's modulus up to the breaking in most degraded
samples, compared to the starting polymer. This behavior may be due to various factors, such as the lowering
of the average molecular weight of the polymer chains and the loss of plasticizers. By comparing the data
obtained from untreated samples with those from treated samples, the decrease in Young’s Modulus appears
less pronounced in the latter.

Also, from the DTG measurements, it is possible to observe a decrease in the pyrolysis temperature and a
widening of this peak in the most aged, untreated samples [8]. On the contrary, in the treated samples, the

XX Congresso della Divisione di Chimica dell’Ambiente e dei Beni Culturali, 28 Settembre-01 Ottobre, 2023. Ischia. 121



“@\ OP52

Divisione di Chimica
Ambiente e Beni Culfurali

temperature of degradation does not significantly change during aging. Therefore, is possible to hypothesize
that, in the treated samples, the depolymerization process does not significantly occur.

3. Conclusions

In conclusion, through the use of a multi-analytical protocol, it has been possible to evaluate the efficacy of
some treatments based on nanotechnologies and soft matter for the inhibition of the vinegar syndrome, which
has been artificially induced on cellulose acetate-based motion picture films.
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1. Introduction

During the last decades, the field of conservation faced the instance of finding alternative product and solution
that are non-toxic and eco-friendly both for environment and human health with particular attention on product
extracted from natural substrates [1].

In this paper we will discuss the properties of NYMPHA [2], a new polysaccharide product extracted from
microalgae, to preliminarily evaluate its consolidating properties both for degraded paper supports and for
fragile pictorial films on paper support. Two types of paper were used as test: a commercial type and a pure
cellulose (whatman®), both in baseline condition and artificially aged by nitric acid immersion to provoke
depolymerisation. Further samples of strongly unbound pigment layers were prepared for film consolidation
tests with different pigments and binders.

Samples have been investigated by color measurements (spectrocolorimetry), microscope observation,
scanning electron microscope (SEM-EDS) analysis and measurement of mechanical strength.

Results has been compared to those obtained with traditional consolidant products used in paper conservation
such as crystalline nanocellulose (CNC), Klucel G and Funori.

2. Results and Discussion

Inspired from the experience with Funori [3], a product from seaweed that has been widely used by restores in
consolidation practices for degraded paper and pictorial films, the project NYMPHA (Natural polysaccharides
from Microalgae for the Protection of Cultural Heritage[4]) tested a new polysaccharide extract from
microalgae. This work provides preliminarily results on the use of NYMPHA as consolidant in paper
conservation issues and it is part of a bigger research project that involved several partners (Sapienza
University of Rome, CNR crystallography institute and ICR) and it investigates properties of NYMPHA for
the conservation and protection of different materials (paper, wood, stone). In this work we will discuss the
consolidating capacity of NYMPHA on paper itself as well as on painting layers applied on paper.

To test paper consolidating properties, two different types of paper were investigated and the samples were
obtained from commercial paper (plain paper, 100g) and pure cellulose paper (whatman®). First, the samples
of paper underneath to a depolymerisation process by immersion in nitric acid to induce a hard- ageing artificial
process. In order to establish the proper time of immersion we decided to conduct a series of preliminarily test
to gain a reduction about 50% in mechanical strength. Results showed 6 days as minimum time required.
After that, the samples were treated with solutions of Klucel G 1% (w/V) in water, crystalline nanocellulose
(CNC) 1 % (w/V) in hydro-alcoholic solution and NYMPHA 1% (w/V) in water.

Spectrocolorimetric measurements showed that AE values measured on the surfaces, before and after treatment
with of all the product tested, were in the 0,7-1,7 range for the industrial paper and 0,2-0,7 range for whatman®
paper so we can affirm that none of the product seemed to significantly alter the superficial color of the
surfaces.

Scanning electron microscope (SEM_EDS) observation of samples before and after treatment, showed that
CNC formed a superficial thin film that partially covered the fiber texture, which does not occur in samples
treated with NYMPHA.

Mechanical strength increased more remarkably in depolymerized industrial paper samples treated with
NYMPHA compared to CNC treated ones; industrial paper samples treated with Klucel G showed not
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completely clear results. Regarding whatman® paper samples mechanical strength, further investigation must
be done due to controversial results obtained.

As far as the study of consolidating properties of loose paint layers, test samples were prepared with a white
and a black paint film in a very diluted binder (rabbit glue and gauche binds). Before and after treatment with
NYMPHA and other products tested, to evaluate consolidating properties a mechanical swab test was applied
on black paint film, with a low-medium pressure, to evaluate the pigment loss. Test revealed interesting result
on NYMPHA that showed a good consolidating capacity compared to common product used in painting on
paper conservation treatment (fish glue, Klucel G, Funori). The AE values has been evaluated before and after
application and they were largely below (ranging 0,8-1,6) the critical parameter (~5) so the product didn’t
affect significantly the color of the surfaces.

3. Conclusions

The results obtained on NYMPHA are encouraging: this product does not interfere with superficial color, it
increases the mechanical properties of paper but does not form a thick layer on the surface that could interfere
with the appearance of the artwork. NYMPHA also provided satisfactory results on consolidating properties
on unbound painting layers on paper. In addition, it is completely safe both for the environment and the
operator. While further investigation are necessary, this research provided promising results and set the stage
for the evaluation of the new NYMPHA product for both paper substrate and painting layers consolidation.
Further investigation on polysaccharide properties of NYMPHA will be included in Changes PNRR project
activities as subject of main interest.

Rabbit glue and ivory black

W i

Untreated sample Treated Untreated sample Treated
with fish glue 1% with NYMPHA 1%
g .
" ". B . ‘r'.{ .‘- .
Untreated sample Treated Untreated sample ~ Treated with

with Klucel G 1% Funori 1%

Mechanical swab test results on rabbit glue and ivory black samples.
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1. Introduction

This research aims to evaluate the consolidating capacity of crystalline nanocellulose, in comparison with a
commercial product already used in the restoration of cellulosic materials, in order to apply it on the hemp
strings of the work "La Torre". The work, the subject of a vast restoration project, is a multi-material
assemblage created by the artist Maria Lai, dated 1971-2002, which was kept until 2020 in the underground
rooms of the Musma of Matera. The products selected for the consolidation of the fibers were Klucel G, which
has already been used in the field of restoration due to its versatility and compatibility with cellulosic materials,
and crystalline nanocellulose (CNC) whose physical-chemical characteristics are still under evaluation, but it
is already used in other fields and is now being tested in the restoration of artworks of different nature both in
wood and paper and also for other cellulosic supports.}®* CNC, in addition to the excellent optical and
mechanical qualities and its close affinity with cellulosic materials, is also a non-toxic product, fully falling
within the idea of eco-sustainable restoration.

2. Results and Discussion

The research, developed in a ICR thesis 4, included a phase of preliminary tests on the original pieces of string
that could not be relocated, on which any dimensional and optical changes were investigated, through
observations under the microscope, also repeated as a result of thermo-hygrometric stresses induced in a
climatic chamber. Preliminary tests have made it possible to understand the applicability of the products at
different concentrations and the way in which to carry out the consolidating treatment on such a non-
homogeneous and hygroscopic material as twine. A hydroalcoholic mixture was chosen, given that the
presence of ethanol favors faster evaporation, leaving the fibers moist for a shorter time and makes it easier
for the consolidant to penetrate the twine. To facilitate penetration into the fibers, low percentages have been
tested, starting from a minimum of 0.5% to reach deep into the depolymerized twines, restoring the twisting
of the fibers, but also leaving the possibility of subsequent applications. Through SEM analyzes and EDS
maps, the penetration capacity of the CNC was also ascertained, which inserts itself into the fibers of the
original strings.

Samples prepared in new twine were subjected to optical evaluations and resistance tests, to a depolymerization
process in nitric acid and to an artificially induced aging process, to compare the capabilities of the
experimental CNC bioconsolidant with those of the commercial product Klucel G.

Analyzing the two consolidants, it can be said that satisfactory results were mostly found in the specimens
treated with CNC, both in those subjected and not subjected to thermo-hygrometric stress. The effectiveness
of CNC varies according to the concentration but compared with Klucel G, used under the same conditions
(concentration, solvent mixture, application methodology and quantity), its superior consolidating capacity can
be noted. This result is probably related to the compatibility of the CNC with the cellulosic material and also
to its nanometric dimensions. However, as expected, neither of the two consolidants confers a mechanical
strength comparable to that of the new material, i.e. undepolymerized, untreated and unaged string specimens.
However, during the tensile tests, it was observed that for all the twine specimens treated with both
consolidants, no clear breakage ever occurred. In fact, despite the dynamometer registering a decrease in
resistance, the specimens inserted in the test bench seemed intact. The actual breakage of the external part of
the string was found only following the release of the specimens from the clamps of the bench and subsequent
traction exerted manually by pulling the two opposite ends. This aspect can therefore be reasonably interpreted
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as indication of an improvement in the mechanical strength conferred on the material by the two consolidating
products, which led to the observation of only a partial yielding and not a total breakage.

Following the positive results obtained from the tests, it was decided to use CNC for the consolidation of some
samples of twine from the work “La Torre”. The bioconsolidant was applied with a pipette, following the
established operating procedure and tested with positive results.

3. Conclusions

CNC hydroalcoholic suspensions were used as consolidant in the restoration of the hemp strings of the work
"La Torre" by Maria Lai.

In the experiment, both the effectiveness in the structural reinforcement of new depolymerized cellulosic
material and the optical properties of the material following the application of the bioconsolidant were
evaluated. The effectiveness of CNC has been compared with that of the commercial product Klucel G
resulting superior. The consolidating capacity of CNC was also evaluated by analyzing its degree of
penetration into the internal structure of the fibers.

La Torre by Maria Lai (left), detail of the hemp strings of the work (right)
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1. Introduction

The negative effects of chemical pollution on the environment and human health have long been established,
but only more recently has the need for integrated strategies and solutions for the simultaneous management
of multiple stressors been widely recognized. In fact, one of the main challenges in assessing the impact of
anthropogenic stressors on the environment, and especially on aquatic ecosystems, is to estimate the exposure
to these contaminants while also keeping track of their origin, in particular when multiple sources of chemical
pollution are considered. In this context, fate and transport modelling offers an effective way to estimate the
contribution of emissions from various sources to the overall exposure to chemicals in transitional, coastal,
and marine waters. In particular, in this work we will present the features of the Lagrangian model
ChemicalDrift, a newly developed module of the OpenDrift suite (Aghito et al., 2023), and its application to
investigate the impact of shipping in the Northern Adriatic Sea.

2. Results and Discussion

The chemical processes simulated in ChemicalDrift include degradation, volatilization, and partitioning
between the different phases in the aquatic environment, (e.g. dissolved, bound to suspended particles, or
deposited to the seabed sediments).

The dependencies of the chemical processes on changes in temperature, salinity, and particle concentration are
formulated and implemented. Furthermore, chemical-fate modelling can be combined with a wide range of
hydrodynamic data and information through the integration into the Lagrangian framework, which provides
advection by ocean currents, diffusion, wind-induced turbulent mixing, and Stokes drift generated by waves.
This tool is also easily adaptable to different spatio-temporal scales and areas with complex geometries such
as coasts, lagoons and archipelagos.

The ChemicalDrift model was applied to investigate the contribution of shipping to the benzo-a-pyrene (BaP)
and fluoranthene (FI) pollution in the Northern Adriatic Sea. Shipping-related emissions of pollutants were
simulated with the STEAM (Ship Traffic Emission Assessment Model) model (Jalkanen et al., 2020), based
on Automatic Identification System data, while land-based emissions were quantified by combining daily river
flow measurements with water chemical concentrations from routinely monitoring. The ChemicalDrift model
was applied using 2018 data. The forcing data for the case study area were obtained from the SHYFEM model
(ocean currents, temperature, and salinity) (Ferrarin et al., 2019) and Copernicus Marine Services (mixed layer
depth and winds).

3. Conclusions

Preliminary results showed that shipping emissions can contribute significantly to the exposure to the selected
contaminants, especially during the summer period when water flow from the tributaries reaches its minimum
values and ship traffic increases.

The new Lagrangian model proved effective in simulating the environmental fate of different classes of
chemicals and will be further tested on contaminants of emerging concern such as pesticides and
pharmaceuticals.
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1. Introduction

The different categories of waste delivered to the eco-centers are collected into containers according to the
material type, waiting for the subsequent recovery or disposal steps. One of the main critical issues relating to
the waste storage regards the potential release of contaminants from the containers exposed to atmosheric
phenomena. Rainwater could potentially produce leachate from the stored waste that will consequently
accumulate in various receptor bodies (i.e. surface waters, sewage systems, soils), specific for each eco-center.
These runoffs, before being discharged into the eco-center's receiving body, are conveyed via drains towards
an oil separator for the removal of sludge, oil and fat, and then disposed as wastewater according to legislative
decree 152/2006.

In this context, this work aims at identifying the most critical types of waste - in terms of hazardous substances
potentially released from the containers - in order to avoid exceeding the limits set by the legislative decrees
and improve i) the sustainable management of the investigated eco-centers, and ii) the quality of the
wastewater.

2. Results and Discussion

The study was initially carried out in different eco-centers located in the province of Treviso (North-East of
Italy) in order to select the parameters to be investigated, to set-up the best conditions for the sampling
procedure, and to choose target eco-centers. Two eco-centers were selected for the study, the first one was
chosen among the newest eco-centers and the other among the oldest ones in term of construction age and
technology used. COD, metals (Fe, Al, Zn, Cn, Pb, Cd, Cr, As, Ni, Mn and Sn), and surfactants (anionic,
cationic and non-ionic) were selected as the main parameters/pollutants to be initially investigated.

As far as the sampling procedure is concerned, two different ways of sampling were followed (by means of a
bucket or portable autosampler) and the results obtained from mass spectrometry and spectrophotometry
analyses were compared to select the best option. The sampling was performed both in the containers and in
the manholes below each container after meteoric events. Due to the complexity of the systems and the
difficulties in interpreting the obtained data, experiments at lab scale have been performed by simulating the
container use to store the small appliance of electric and electronic equipment (e-waste).

The preliminary results showed that the higher concentration of metals have been obtained between the 24 and
48 hours and that the more released ones are Zn, Sr, Al and Fe. Further studies are needed to ascertain that
other typology wastes show the same behavior.

3. Conclusions

In this work, it is proposed a sampling methodology for the evaluation of the potential release of pollutants
from different category of wastes when exposed to rainfall events. Compared to the periodic analyses required
by the Legislative Decree 152/2006 in the Article 101 paragraph 3, which evaluate an average composite value
of the pollutants contained on the wastewaters upstream at the entrance of the receptor body, this approach
allows to obtain information on the leachate of the individual categories of waste collected by the eco-centers
for a more sustainable management

XX Congresso della Divisione di Chimica dell’Ambiente e dei Beni Culturali, 28 Settembre-01 Ottobre, 2023. Ischia. 129


mailto:vanessa.canaletti@unive.it

A\

Societd Chimica taliana OP56

Divisione di Chimica

Ambiente e Beni Culfurali

CONTAINER FOR THE
WASTE STORAGE

LEACHATE 006

NESEEN

OfL SEPARATOR

Figure 1 Schematic representation of the pollutant leaching process
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1. Introduction

The emergence and spread of Anti-Microbic Resistance (AMR) in bacterial population is a relevant issue for
health management [WHO, 2022] highlighting connection between human health, environmental quality, and
animal health. Waste water treatment plants (WWTPs), beside intensive farming facilities, are potentially
critical nodes for magnification of AMR genes [Ju, 20219], but their impact is not quantified yet. Attention is
brought to the WWTP of the city of Trieste on the NE Adriatic sea, and a multidisciplinary task force has been
established, for setting workflows producing data aiming at providing an assessment of pressures, state and
impacts of antibiotic presence in treated urban wastewaters discharging in a low-depth coastal waters.

2. Results and Discussion

Databases collecting data on prescribed antibiotics for both non-hospitalized and hospitalized patients in the
area served by the WWTP of Trieste (190000 equivalent inhabitants) from January 2022 to May 2023 have
been retrieved from the Health Direction of Regional Administration of Friuli Venezia Giulia. allowing to
guantify entity (as Defined Daily Doses and mass) and temporal variability of pressure from human antibiotics
to the untreated waters, Analytical methods for both supervised screening of antibiotics considered in the
national AR-1SS surveillance protocol [Istituto Superiore di Sanita, 2022] and unsupervised assessment of
pharmaceuticals in wastewaters via LC-Orbitap technology have been developed by the regional EPA,
allowing to distinguish among antibiotics that are present in free form from those that should be considered
also in conjugate form. Preliminar I/O antibiotic concentration ratios in the considered WWT technology train
have been identified. A procedure for extraction of adequate amount of genetic material from bacteria present
in wastewaters has been set up, and bacterial DNA has been sent to NGS sequencing service. First results
shows wide presence of genes associated to resistance to macrolides and in a lesser extent to tetraciclynes.
There is evidence of abatement of AMR genes in treated waters. Presence of bacteria in aerosols of the aeration
tanks has been also considered and a procedure for bioaerosol sampling and 16S rRNA gene metabarcoding
have been developed, not allowing metagenomic sequencing, due to low DNA concentrations in air.

3. Conclusions

A multidisciplinary set of workflows related to (i) monitoring of antibiotic consumption, (ii) analytical
detection of pharmaceuticals, as well as (iii) metagenomic identification of AMR genes from bacteria, sampled
in untreated and treated wastewaters, has been set up and it is available for deploying sound environmental
assessment and relevance of AMR in wastewaters of a coastal city. Correlation among presence of antibiotics
and AMR genes from water samples is currently addressed.
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1. Introduction

Seawater intrusion is a major problem which regards the coastal fresh groundwater and makes it unusable for
human purpose. It has been established that intensive anthropogenic activities (such as overpumping or
agricultural processes) usually, increase the risk of groundwater quality degradation. The principal aim of this
study is to characterize the hydrochemistry of groundwater in Salento Peninsula, identifying the main processes
that occur in three different areas (Adriatic, Inland and lonian) and to determine the potential extent of marine
intrusion in the aquifer. Hydrochemical investigations were carried out from 2016 to 2019 in groundwater
samples collected by The Regional Environmental Protection Agency (ARPA Puglia, Dap of Lecce) in
different wells of Salento Peninsula, in order to analyze the groundwater—seawater interactions.

2. Results and Discussion

In this study different techniques including Principal Components Analysis (PCA), tracers of SWI, ionic ratios,
Seawater Mixing Index (SMI), Piper plot and Hydrochemical Facies Evaluation Diagram were applied to better
understand the saline intrusion process. The Na/Cl molar ratio shows average values of 0.84, 0.83 and 0.85 in
Adriatic, Inland and lonian area, respectively. Furthermore the major parameters listed under PC1 (EC, Na*,
Cl, K*, SO and Mg?*) contribute for 54,41% of the total variance (85,69%), showing the influence of
“seawater intrusion factor”. The SMI indices have been calculated for all the wells in order to know the average
contribution of the mixing between saltwater- freshwater on each of the three analyzed areas (Adriatic, Inland
and lonian), comparing the values obtained with other models. Definitive results, shown by HFE-D plot than
the Piper plot, indicate that of the 34 wells analyzed in the Salento Peninsula, 20 out of 34 (58.8%) are
characterized by groundwater in freshening phase, while the remaining 14 wells are characterized by saline
intrusion processes (41,2%).

3. Conclusions
The results found explain the impact of seawater mixing with fresh groundwater in a large part of Salento
Peninsula.
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1. Introduction

Understanding and managing water quality under global changes requires a nexus approach that integrates
various interconnected components of the water-energy-food-environment system (Hoff, 2011). This approach
recognizes that water quality is influenced by a complex web of interactions among various processes,
including physical, chemical, biological, ecological processes and human activities. Climate change can impact
these components individually and interactively, leading to cascading effects. Only by considering the whole
system, including both natural and human factors, we can capture complexity understanding multiple stressors
and feedback loops that affect water quality (Sperotto et al., 2019).

One of the major challenges of adopting a system wise approach for water quality assessment is primarily
represented by the need to access and combine data and model from many different scientific domains which
often remains compartmentalized in silos, to pre-defined scales and fields, into a single, logically consistent
integrated framework of analysis. Integrative technology such as Artificial Intelligence can offer a path forward
to foster this integration permitting to maximize the value of available information.

2. Results and Discussion

A systemic integrated model for the assessment of climate change and anthropogenic activities conjoined
impacts on water quality and related-Ecosystem Services supporting multiple sectors is currently under
development and testing at the river basin scale in two case studies in Italy (i.e. Secchia river basin, Adige
river basin).

The model is developed using ARIES (Atrtificial Intelligence for Environment and Sustainability), an open-
source Artificial Intelligence modeler https://aries.integratedmodelling.org/. ARIES uses Aurtificial
Intelligence, and in particular semantics and machine reasoning, allowing models and data developed by
independent researchers, hosted on a network, to be integrated and automatically assembled into workflows
running at the scale most appropriated for the context of analysis (Balbi et al. 2022, Villa et al. 2017).
Specifically, multiple type of data and models to describe different component and processes impacting water
quality and related Ecosystem Services are derived from the context of interests. Climatic and hydrological
model outputs, monitored data and EO (e.g. from Copernicus Data StoreCDS) are used to characterize
changing conditions which could affect water yield and quality, while socio-economic census data, territorial
information and sectoral models (i.e. type of land use, agricultural production data, environmental indicators)
are used to disentangle the synergies and trade-offs between specific socio-economic activities and water and
environmental quality.

All models and data are annotated semantically providing a standardized and structured representation of the
domain knowledge, which facilitate the harmonization, integration and rescaling of diverse datasets.
Ontologies are used to define the concepts, relationships, and attributes within each domain involved, enabling
seamless integration and interoperability of available data across the system.

Once validated the model permits to simulate i) the impact of different climate change and land use scenarios
of water and environmental quality indicators (e.g. nutrient loadings from different sources, water yield, water
temperature, carbon stored in vegetation, soil retention); ii) spatially-temporally explicitly measure how such
changes affects Ecosystem Services supporting key economic sectors; iii) test best practices permitting to
reduce trade-offs between economic activities and ecosystem health.
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3. Conclusions

The approach and preliminary results derived from two pilot case studies will be presented in light of
discussing how Al-driven approaches can maximize data and model reusability and interoperability when
assessing environmental quality problems and, more generally, in modelling complex anthropic and
environmental interactions and their consequences.

Overall the outputs of the analysis will provide an actionable knowledge base to support policy making
processes and enhance cooperation between sectoral policies to achieve EU targets related to the Water
Framework Directive, the greener CAP (Common Agricultural Policy) and Green Deal ambitions.
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1. Introduction

In the context of ecological risk assessments, it is now well-established that ecosystem health status should be
assessed on a broad range of indicators by bringing together different types of evidence via, for example, a
guantitative Weight of Evidence (QWOoE) approach. This holds also true in the sustainable management of
dredged sediment, for which a thorough characterization is desirable so that neither the dredged area nor the
destination site would result impaired.

To expand the existing knowledge on the quality of bed sediment from a canal subject to future dredging in
the Venice Lagoon, a series of experimental investigations were carried out. Data from the chemical
characterization of inorganic and organic contaminants in one-metre sediment cores converged into a line of
evidence (LoE). Sampled sediment provided the exposure matrix for a battery of ecotoxicological bioassays,
bioaccumulation tests, and biomarker analyses, constituting three more LoEs. With the intent of reaching a
better-supported risk characterization, the QWoE methodology (Regoli et al., 2019) was extended to include
analyses of transcriptional alterations, now forming a new LoE (Cecchetto et al., 2023).

2. Results and Discussion
Results refer to the experimental investigation that comprises five sites along the Vittorio Emanuele 111 Canal
(labelled consecutively with roman numbers from the historic centre of Venice to the industrial area of Porto
Marghera, see figure below) at two different times, i.e. November 2020 and March 2021. A sixth site, far from
pollution sources, was selected as a reference site based on previous evidence of its sediment good quality
status.
For each of the five LoE, a set of algorithms helped in summarizing high dimensional data into synthetic hazard
quotients with a relative class of hazard (from absent to severe), which are then aggregated to quantitatively
infer the level of risk. The total hazard was finally expressed on a 0-100 scale, and associated class of hazard,
by pondering on the relevance and reliability of each type of evidence.
Evaluation of the chemical hazard, by comparison of the measured concentrations with sediment quality
standard values, revealed a worsening in sediment quality from the historic centre of Venice to the industrial
area of Porto Marghera. This trend found confirmation in the hazard investigated via a battery of ecotoxicity
tests, where the class is more often represented by a major hazard with no remarkable differences
characterizing the two campaigns. Evidence gathered from the biological analyses (bioassays,
bioaccumulation, biomarkers and transcriptomics) highlighted a potential hazardous situation at the organism
level for site | (closer to the historic centre of Venice), especially in the first campaign, that the chemistry LoE
did not reveal. Contaminants not measured in the analysis of sediment or the texture of sediment itself might
have caused the observed discrepancy.
From the evidence integration, results confirmed the good quality status of the reference site. With regard to
sites along Vittorio Emanuele 111 Canal, the integration of five types of evidence resulted in an overall hazard
ranging from slight to major, with a quality worsening for sediment sampled closer to the industrial area. A
slight difference characterized the hazard in the two campaigns, which likely stems from the higher
concentrations of trace metals measured in the second sampling time, even if concentrations were within the
variability range observed in the Venice lagoon sediments.
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This stresses the importance of going back to the single evidence as an opportunity to better comprehend the
driving factors of the overall hazard results. To this attempt, the figure below illustrates the contribution of
each LoE to the overall hazard for all sites in the first campaign. This contribution depends on the hazard class
estimated for each LoE, weighted according to the relevance and reliability attributed to that LoE.
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Summary of the WoE-based evaluation of sediment quality along Vittorio Emanuele Il channel in the first campaign.

3. Conclusions

The QWOoE approach acted as an effective method to summarize and quantitatively integrate large and complex
amounts of data and was flexible enough to include an additional line associated with transcriptional data, even
if further testing is desirable. In the attempt of overcoming the “pass-to-fail” approach, where a single
parameter could be responsible for the classification of the sediment, this approach promoted the evaluation
and the interpretation of chemical data in the light of several biological types of evidence. The WoE
methodology should also help assessors trace back to the linkages between data and the final hazard, to elicit
possible causes and main driving factors of adverse effects to the ecosystem.
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