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Martedì 16 giugno 
Facoltà Teologica di Sicilia 
Via Vittorio Emanuele, 463 

10.00-12.00 Registrazione 

10.30-12.30 Visita Sociale: 

Ufficio di Boris Giuliano e Chiostro della Questura di Palermo 
P.za della Vittoria, 8 

14.00-14.30 
Aula Magna  

Saluti Istituzionali e Premiazioni 

14.30-15.00 

Aula Magna  

Chair: Zendri 

Medaglia “D.H. Meadows & R.L. Feller”: Nadia Marchettini 
A systemic view of the planet 

15.00-15.30 

Aula Magna  

Chair: Zendri 

Medaglia “Mario Molina” 2026: Raffaele Cucciniello 
Green Chemistry for Sustainability 

15.30-16.30 S-AMB_1 / Aula Magna 

Chair: Marcomini 

 

15.30-15.45 – Calgaro 
An integrated modelling and monitoring study on the 
sources, pathways, and environmental fate of active 
pharmaceutical ingredients in the northern Adriatic Sea 

15.45-16.00 – Vione 
Photochemical production of carbon dioxide in lake water 

16.00-16.15 – Del Bubba  
Wastewater quaternary treatment using biochar from 
sewage sludge for the removal of contaminants of 
emerging concern 

16.15-16.30 – Arduini 
Analysis of atmospheric greenhouse gases over the 
Mediterranean basin: new insight from the WMO/GAW 
Capo Granitola station in South Italy. 

 

S-BC_1 / Aula Russo 

Chair: Saladino 

 

15.30-15.45 – Tornari 
Monitoring cultural heritage conservation environments: 
a case study at the ‘collezioni di studio’ museum 
repository 

15.45-16.00 – Cannizzaro  
Assessment of airborne pollutants and microclimatic 
conditions in St John’s Co-Cathedral (La Valletta, Malta) 

16.00-16.15 – Gnemmi 
Urban green infrastructure: a shield or a source? 
Assessing organic pollutant deposition on historic 
buildings in a changing climate 

16.15-16.30 – Catrambone   
From Display Cases to Atmosphere: Acetic Acid as a 
Multiscale Risk for Cultural Heritage 

 



 

 

16.30-16.50 Coffee break 

16.50-17.20 

Aula Magna  

Chair: Malagodi 

Invited Speaker: Pilar Ortiz Calderon 
Environmental Challenges in the Conservation of Cultural Heritage: Emerging Risks in a Changing Climate 

17.20-18.20 S-AMB_2 / Aula Magna 

Chair: Vione 

17.20 -17.35 – Barbieri 
Critical interactions in the air: studies on environmental 
and technological determinants for a risk assessment of 
inhalation of airborne pathogens 

17.35 -17.50 – Bastianoni 
Leveraging GHG Accounting to Support Community 
Engagement in Decarbonization Policy Co-Design 

17.50 -18.05 – Esposito  
Chemical Characterization and Seasonal Variability of the 
Ionic Fraction: the case study of Pomigliano d’Arco (South 
Italy) 

18.05 -18.20 – La Nasa 
Exploring the potential of one-pot microwave-assisted 
pretreatments coupled with PY-GC-MS for the 
quantification of MPs and associated contaminants 

 

 

S-BC_2 / Aula Russo 

Chair: Fiocco 

17.20 -17.35 – Verni 
Inside the historical varnishes: multi-analytical 
characterisation of heat-treated colophony 

17.35 -17.50 – Vergara 
Insights into mixed carbon-iron gall ink and its degradation 
in eighteenth-century manuscripts 

17.50 -18.05 – Casaletto 
A research methodological approach for testing marine 
outdoor bronze protective coatings 

18.05 -18.20 – Bosi 
Detecting Wine and Dairy Residues in Faliscan Vessels: A 
Multivariate Study 

 

18.20-19.30 
Aula Magna  

Riunione docenti CHEM-01/B 

Aula Russo  

Assemblea Gruppo Giovani 

19.30-21.30 
Aperitivo di benvenuto 

Facoltà Teologica di Sicilia 
Via Vittorio Emanuele, 463 



 

 

 

 

Mercoledì 17 giugno 
Viale delle Scienze, Edificio 19 

8.30-9.00 Registrazione 

9.00-9.30 

Aula 11 

Chair: Marchese 

Invited Speaker: Elza Bontempi 
Enhancing critical raw materials recovery through microwave-based processes 

9.30-9.45 PROFILOCOLORE 

9.45-11.15 S-LCA1 / Aula 11 

Chair: Passarini 

9.45 - 10.00 – Prete 
Bridging Catalytic Activity and Environmental Footprint: 
Sustainability Benchmarking of Fe3+-Based Catalysts in 
Photo Fenton-like Processes 

10.00 - 10.15 – Sparascio 
Life Cycle Assessment of a Hydrometallurgical Process for 
Rare Earth Recovery from End-of-Life NdFeB Magnets 

10.15 - 10.30 – Martinini 
Life cycle assessment of furfuryl alcohol valorization to γ-
valerolactone, with bi-functional aquivion/zirconia catalyst 

10.30 - 10.45 – Raccuia 
Waste-derived biosorbents for Recovery from aqueous 
systems 

10.45 – 11.00 – Rosa 
Life cycle assessment for green electronics: a case study on 
flexible temperature sensors 

11.00 - 11.15 – Brenda 
Environmental impacts of electronic devices: a statistical 
and chemometric investigation 

 

S-BC_3 / Aula 12 

Chair: Giorgi 

9.45 - 10.00 – Mangone 
Technological innovation in the surface treatment of 
medieval glazed ceramics 

10.00 - 10.15 – Cimino 
Evaluation of mechanical behaviour of historical 
paintings to improve consolidation treatments 

10.15 - 10.30 – Giuffrida 
The Addaura Caves (Palermo, Italy): analytical and 
digital methods for conservation assessment and 
accessibility 

10.30 - 10.45 – Tirone 
Volatile organic compounds and microclimatic 
variables in museum showcases: evidence from the 
museo nazionale del cinema 

10.45 -11.00 – Tomiato 
Anti-stain coatings for carbonate stone: testing 
through multi-material accelerated aging tests 

11.00 - 11.15 – Pellis 
Tracking Volatile Emissions from Protective Coatings 
and Biocides for Outdoor Heritage 

 

11.15-11.35 Coffee break 

11.35-13.05 S-LCA2 / Aula 11 

Chair: Rossi 

11.35 - 11.50 – Di Florio 
Application of the Circular Footprint Formula (CFF) of the 
Product Environmental Footprint Method to Hydrogen 
Storage Systems as a Metric towards Materials’ Circularity 

11.50 – 12.05 – Sessa 
Environmental performance of Glycerol Carbonate 
industrial-scale production following a prospective LCA 
approach  

S-BC_4 / Aula 12 

Chair: Chiavari 

11.35 - 11.50 –Cofini 
The BIO-COATCH project: BIOactive COATings to 
preserve metal surfaces in Cultural heritage and 
Healthcare 

11.50 – 12.05 – Carretti 
Proposal for a method to remediate “vinegar 
syndrome” in cellulose acetate motion picture films 

 



 

 

12.05 – 12.20 – Trevisan 
Environmental impacts of glycerine: a comparison between 
bio-based and fossil-based production through Life Cycle 
Assessment (LCA) 
 
12.20 – 12.35 – Caro 
Assessing the carbon footprint of Metabolic Food Waste in 
Italy 

12.35 – 12.50 – Niccolucci 
Developing and Testing a Digital Tool for Scope 1 and 2 
Greenhouse Gas Emissions in agrifood SMEs 

12.50 – 13.05 – Sellitri 
A methodology for assessing sustainability and circularity in 
remediation planning: A case study application 

 

 

12.05 – 12.20 – Di Cara 
From waste to art: versatile pullulan electrospun 
nonwovens for sustainable varnish removal 

12.20 – 12.35 – Ferretti 
Alginate-based gels for the removal of copper stain 
and oxidation products 

12.35 – 12.50 – Lunghi 
Substainable cellulose aerogels for the prevention of 
microbiological contamination of photographic 
objects 

12.50 – 13.05 – Guglielmotti 
Enhancing stability of cellulose-based materials for 
cultural heritage: the protective role of 
nanodiamonds against biodegradation and oxidative 
aging 

13.05-14.05 Pranzo 

14.05-14.35 

Aula 11 

Chair: Chianese 

Invited Speaker: Elena Semenzin 
Methods and Tools Supporting the Implementation of the Safe and Sustainable by Design Framework for 

Chemicals and Materials 

14.35-16.05 Aula 11 

Tavola Rotonda “La sostenibilità nel mondo della ricerca, formazione e industria” 

16.05-16.25 Coffee break 

16.25-18.25 S-LCA3 / Aula 11 

Chair: Cespi, Brondi 

16.25 – 16.40 - Ruini 
Implementation of Dose-Response functions for Cultural Heritage Damage in Life Cycle Assessment studies 

16.40 – 16.55 – Margheri 
Results’ variability in non-ferrous metal recycling life cycle assessment: study on waste-specific impacts and 
allocation methods 

16.55 – 17.10 – Rossi 
Comparative Life Cycle Assessment of Cutin-based Coatings versus Traditional Fossil-based Systems for Heritage 
Conservation 

17.10 – 17.25 – Maranghi 
Product Environmental Footprint Category Rules of Fuel Cell and Hydrogen products 

17.25 – 17.40 – Zaratti 
Environmental Trade-Offs Between Essential Oil and Quaternary Ammonium Biocides in Cultural Heritage 
Conservation 

17.40 – 17.55 – Righi 
Early-Stage Life Cycle Assessment of Two PHA Production Routes from Food Waste 

17.55 – 18.10 – Dal Pozzo 
Towards sustainable conservation of stone heritage: an ex-ante LCA of multifunctional protective coatings for the 
prevention of stone biodeterioration 



 

 

 

 

Giovedì 18 giugno 
Viale delle Scienze, Edificio 19 

8.30-9.00 Registrazione 

9.00-9.30 

Aula 11 

Chair: Prati 

Invited Speaker: Claudia Conti 
Technological and Methodological Advances in Raman Spectroscopy and their Cross-Fertilization between 

Heritage Science and other Scientific Domains  

9.30-11.00 S-AMB_3 / Aula 11 

Chair: Bastianoni 

9.30 – 9.45 – Doldi 
Performance evaluation and calibration of a low-cost NO2 
sensor in an exposure chamber 

9.45 – 10.00 – Di Bonito 
Chemometrically assisted development of an SPME–
GC/MS method for monitoring endocrine disruptors in 
wastewaters and irrigation waters in the context of 
ecosystem services 

10.00 – 10.15 – Marcomini 
Groundwater Contamination by PFAS in the Veneto 
Region: From a Retrospective to A Perspective 
Assessment 

10.15 – 10.30 – Trabucco 
Accelerated Ageing Assessment of an Innovative 
Anticorrosive Coating for Offshore Applications within the 
Safe and Sustainable-by-Design (SSbD) Framework 

10.30 – 10.45 – Badetti 
Development of a qualitative screening tool for early-stage 
SSbD assessment of advanced materials 

10.45 – 11.00 – Calvino 
Self-standing Chitosan/Halloysite biohybrid xerogels for 
environmental applications 

S-BC_5 / Aula 12 

Chair: Conti  

9.30 – 9.45 – Pizzo 
Treatment of waterlogged archaeological wood using 
pullulan 

9.45 – 10.00 – Scipioni 
An Organic–Inorganic Hybrid System (OIHM) for the 
Single-Step Deacidification and Reinforcement of 
Historical Paper 

10.00 – 10.15 – Morelli 
Development of new biocides for cultural heritage 
application 

10.15 – 10.30 – Weththimuni 
Assessing the efficacy of macrocyclic copper 
complexes in wood protection 

10.30 – 10.45 – D’Agostino 
Synergistic action of Beauveria bassiana and Funori gel 
for enhanced copper corrosion stabilization 

18.10 – 18.25 – Arfelli 
Comparative LCA of six synthetic routes to 1-hydroxycyclohexyl phenyl ketone for copolymer photoinitiation 

 

17:00-18.00 

Visita Sociale: 

Fossa della Garofala  
Tour guidato dal Prof. Arch. Manfredi Leone (Vicepresidente del Sistema Museale di Ateneo) 

Viale delle Scienze, Edificio 4  
 

18.25-19.25 
Assemblea ABC 

Aula Capitò, Viale delle Scienze, Edificio 7 

20.30-23.00 
Cena Gruppo Giovani 

I Corrieri - P.zza Cattolica, 5 



 

 

 
 

11.00-11.20 Coffee break 

11.20-13.05 S-AMB_4 / Aula 11 

Chair: Rivoira 

 
11.20 – 11.35 – Stevanin 
Dynamic adsorption of cations onto waste-derived 
geopolymers in fixed-bed systems 

11.35 – 11.50 – Faggiano 
Hydrothermal vs. pyrolytic sludge-derived carbons: 
multivariate optimization of biochar and hydrochar for 
Fenton-like removal of levofloxacin and caffeine 
 
11.50 – 12.05 – Moftakharianasorimovahed 
Developing and Testing of a Pilot Scale Plant for Ammonia 
and PFAS Removal from Landfill Leachate 

12.05 – 12.20 – Galoppo 
From waste to resource: electrochemical treatment for 
sustainable livestock wastewater management 

12.20 – 12.35 – Pellizzaro 
Determination of per- and polyfluoroalkyl substances in 
drinking water 

12.35 – 12.50 – Lascari 
Prunus dulcis hull: a by-product of the agri-food industry 
as an adsorbent of Pb2+ ion in water 

12.50 – 13.05 – Inaudi 
Development of a voltammetric method for monitoring 
and speciation of arsenic in aquatic systems: applications 
to real samples and on-site analysis 

 

S-BC_6 / Aula 12 

Chair: Zendri 

 
11.20 – 11.35 – Giorgi 
Novel colorimetric–fluorescent gel chemosensors for 
rapid and non-invasive early-detection of degradation 
in the 20th century built Heritage 

11.35 – 11.50 – Ebbreo 
Hybrid Pickering Emulsion–Hydrogel Systems for the 
Controlled Release of Essential Oils in Sustainable 
Cultural Heritage Conservation 

11.50 – 12.05 – Gasperuzzo 
Evaluating Microalgae-Derived Polysaccharides as a 
new material for the conservation of paper-based 
heritage 

12.05 – 12.20 – Agostino 
Antifungal Activity of Nanostructured MgB₂ for the 
Conservation of Archival and Library Materials 

12.20 – 12.35 – Armetta 
Archaeometric Analysis of the Biblioteca Lucchesiana 
Electrotypes: Connecting Agrigento and the British 
Museum 

12.35 – 12.50 – Cavallaro 
Historical collection of chemistry at University of 
Palermo: education, reseach and public engagment 
 

13.05- 14.05 Pranzo 

13.50-14.20 
Visita Sociale: 

Museo della Chimica 

14.20-14.50 

Aula 11 

Chair: Saladino 

Invited Speaker: Silvia Prati 
Teaching and Learning in the Age of Generative AI: Opportunities, Challenges, and Practices 

14.50-15.50 
Aula 11 

Tavola Rotonda “AI e Didattica” 

15.50-16.10 Coffee break 



 

 

16.10-17.25 

 

S-AMB_5 / Aula 11 

Chair: Pettignano 

16.10 – 16.25 – Minella 
Better together than apart: degradation of emerging 
contaminants in concentrated streams using 
UV/sulphite(/iodide) and UV/hydrogen peroxide treatment 
trains 

16.25 – 16.40 – Mondino 
Environmental-like degradation of microplastic rubber 
from a playground: release of nanoplastics and organic 
compounds 
 
16.40 – 16.55 – Barboro 
Mechanistic insights into the formation of highly 
oxygenated molecules from oh-initiated isoprene 
oxidation 

16.55 – 17.10 – Marussi 
Assessment of vineyard-derived biochar for the 
immobilisation of Pb, Tl AND Zn in freshwater systems 

17.10-17.25 – Falco  
Grape stalk-derived steam-activated hydrochar: 
synthesis, characterization and application as a 
sustainable adsorbent for water treatment 

S-AMB_6 / Aula 12 

Chair: Marchettini 

16.10 – 16.25 – Capucciati 
Bioinspired Melanin Adsorbents for Efficient Removal 
of Emerging Contaminants in Water 

16.25 – 16.40 – Bruschi 
Trace elements uptake and translocation in 
Phragmites australis along a contaminated river 
system 

16.40 – 16.55 – Cappelletti 
Seasonal variation of PFAS in PM10 sampled (2018-
2021) at the EMEP site in Monte Martano: implications 
for sources, transport, and photochemical processes 

16.55 – 17.10– Moggio 
Microplastics in sea urchin gonads: a bioindicator of 
marine plastic pollution 

17.10-17.25 – Malandrino 
Rare Earth Elements in urban areas: an emerging 
concern for soil (and human) health? 

 

17.25-18.25 Aperiposter 

19.30-20.30 

Visita Sociale:  

Museo del Risorgimento "Vittorio Emanuele Orlando" 
Società Siciliana per la Storia Patria 

Piazza S. Domenico, 1 

20.30-23.00 
Cena Sociale 

Palazzo Francavilla - V. Ruggero Settimo, 8 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 

Venerdì 19 giugno 
Viale delle Scienze, Edificio 19 

9.00-9.30 

Aula 11 

Chair: Cucciniello  

Medaglia “Mario Molina” 2025: Luca Carena 
Photodegradation of contaminants in environmental waters: from lakes to snowflakes 

9.30-10.30 S-AMB_7 / Aula 11 

Chair: Carena 

9.30 – 9.45 – Minolfi 
Regional risk assessment for diffuse soil contamination 
and potentially contaminated sites 

9.45 – 10.00 – Tasinato 
Revised halocarbons climate metrics including low-
frequency contributions by radiative transfer and quantum 
chemical calculations 

10.00 – 10.15 – Savoca 
Cenchrus setaceus as a Roadside Passive Collector of 
PAHs and Trace Elements 

10.15 – 10.30 – Conte 
Human biomonitoring for environmental risk assessment 
in areas of high anthropogenic pressure: an exposome-
based approach 

 

S-BC_7 / Aula 12 

Chair: Carretti 

9.30 – 9.45 – Gugliuzza 
How do membranes enable preventive conservation 
for cultural heritage assets? 

9.45 – 10.00 – Molinaro 
Confocal microscopy combined with perovskite/m-
SiO2 composites for high-resolution imaging of 
ancient glass alteration 

10.00 – 10.15 – Negozio 
DESperate for Proteins: a Deep Eutectic Solvent-based 
Approach for Enhanced Recovery in Paleoproteomics 

 

 

10.30-10.50 Coffee break 

10.50-12.20 

 

S-AMB_8 / Aula 11 

Chair: Lazzara 

10.50 – 11.05 – Vllahu 
From Sodium Aluminate Waste to functional Layered 
Double Hydroxides for Wastewater Treatment 

11.05 – 11.20 – Meroni 
Sustainable halloysite-based hybrid beads for VOC 
removal and low-energy regeneration 

11.20 – 11.35 – Lo Coco 
Nitrogen recovery from anaerobic reject water via an open-
closed loop hydrophobic membrane contactor 

11.35 – 11.50 – Genga 
Identification of Ultrafine Particle Sources Using High-
Resolution Particle Number Concentration Measurements 
and PMF Analysis at an Industrial–Port Site 

11.50 – 12.05 – Morari 
Sustainable chemical activation of biomasses and derived 
hydrochar for the production of ultra porous carbons 

12.05 – 12.20 – Cescon 
Waste-to-resource: hydroxyapatite adsorbents for 
remediation of metal-contaminated waters 

S-AMB_9 / Aula 12 

Chair: Semenzin 

10.50 – 11.05 – Marchesi 
High-efficiency arsenate removal from contaminated 
water using hydrotalcite and silica supported 
hydrotalcite composites 

11.05 – 11.20 – Calore 
PFAS in wines from a contaminated area 

11.20 – 11.35– Begni 
Activated carbons from plastic waste for organic 
aromatic pollutant removal from acqueous solutions 

11.35 – 11.50 – Fantasia 
A high-performance Fe(II)-MOF for efficient cadmium 
removal from aqueous systems 

11.50 – 12.05 – Mameli 
Sensing adsorbate-adsorbent interactions at the 
surface of akaganeite arsenic-nanosorbents by dc 
magnetometry 

12.05 – 12.20 – Marchese 
The Research and Development Center for 
Environmental Remediation and Protection (RisPA 
Center) 
 



 

 

12.20-12.30 Chiusura dei lavori 

12.30-13.20 Pranzo 

13.30-19.00 
Escursione 

Stagnone di Marsala e Mozia 

  



 

 

POSTER 

• L. M. Ruggeri 
P1_ Comparative study on the biosorption potential of macroalgal biomasses from the Strait of Messina for the removal of heavy metals 
from aqueous matrices    

• C. Cucolo  
P2_ Rare Earth Elements and Heavy Metals in Wheat: Geochemical Traceability and AI-Based Predictive Models  

• S. Irrera  
P3_ Ad opera teaching project: first step on the “Vele” from Palazzo Altoviti  

• F. Armetta  
P4_ Archaeometric Analysis of the Biblioteca Lucchesiana Electrotypes: Connecting Agrigento and the British Museum 

• G. Di Cara 
P5_ Tuning solvent release in cleaning systems through nanostructured additives: functionalized graphene oxide nanosheets and 
halloysite clay nanotubes 

• E. Chianese 
P6_ Trace element in hair samples, analysis and exposure factors 

• L. Carena 
P7_ Self-decontamination ability of quarry lakes as a potential nature-based solution for water-reuse practices: the SCAVIS project on 
quarry lakes of Piedmont 

• F. Passarini  
P8_ Life Cycle Assessment (LCA) of the most common metals supply chains 

• M. Gnemmi 
P9_ AN INNOVATIVE HIGH-SPATIAL AND CHEMICAL RESOLUTION IMAGING APPROACH TO ASSESS ION MIGRATION MECHANISMS IN 
OIL PAINT FILMS  

• M.L. Saladino 
P10_ Reading the Unreadable: Integrated Imaging and Chemical Analysis of Roman Writing Tablets from the Marausa Shipwreck  

• F. Palumbo  
P11_ Characterisation of pigments at Selinunte during 6th century BC 

• E. Papa  
P12_ in silico tools in the safe and sustainable by design era: the QSAR-ME Profiler 2025 

• F. M. Pulselli  
P13_ A Decision-Oriented Framework for Local Greenhouse Gas Inventory and Climate Action Planning 

• A. Mazzini  
P14_ Multi-tissue elemental profiling of Atlantic bluefin tuna across temporal scales reveals shifts in environmental exposure 

• I. Vassura 
P15_ Synthetic atmospheric particulate mixture for corrosion studies: implementation and validation of an artificial ageing methodology
  
• A. Mangone 
P16_ Composition and solubility of PM₂.₅: chemical characterization and tracers in the tox-in-air project 

• E. Balliana  
P17_ Identification strategies for textile based on non-invasive analysis for the application on historical museum artworks 

• A. Brunelli  
P18_ Advanced TiO2-based UV filters for sunscreens: balancing performance and safety 

 



 

 

• M. Menegaldo  
P19_ Towards More Comprehensive Environmental Sustainability Assessment: Integrating Life Cycle Assessment and Energy Accounting 

• L. Lisuzzo  
P20_ Halloysite Supported Gold Nanocatalyst for Biomass Valorization 

• A. Angeleri  
P21_ DHN-Melanin Filters for Sustainable In-Flow Removal of Emerging and Persistent Water Contaminants 

• A. Manco  
P22_ Urban vegetation as a biomonitoring tool for atmospheric particulate matter: preliminary results in an urban and suburban context in 
the Mediterranean area of Salento (LE, Italy) 

• J. Lucejko  
P23_ Assessing the preservation of medieval waterlogged wood: the case of the Łekno wooden road (Poland)  

• M. Malandrino 
P24_ Chitosan, gelatine, and cellulose based hydrogels for the removal of potentially toxic elements from aquaculture water 

• A. Casarotto 
P25_ Developing a Life Cycle Assessment Framework for Disaster Response Tools 

• N. Muratore  
P26_ Removal of methotrexate and capecitabine from aqueous solutions using activated biochar derived from Posidonia Oceanica 

• G. Paul  
P27_ Decarbonization strategies for the global cement industry: Role of CO2 capture by clinker 

• A. Alfano 
P28_ Bio-Fenton Based Treatment for the Removal of Organic Micropollutants from Wastewater 

• L. Mazzoni  
P29_ Voltammetric methods for emerging contaminants: paracetamol and ciprofloxacin  

• M. Allegra 
P30_ Enhanced removal of glyphosate via adsorption–photodegradation on functionalized MOFs  

• E. A. Passerini 
P31_ In Situ Application of Essential Oil-Loaded Mesoporous Silica Nanoparticles on the Monumental Fountain of Santa Maria di Gesù 
Cloister (Palermo, Italy) 

• S. Molinaro  
P32_ Protection treatment for glass surfaces based on amine-functionalised dendritic mesoporous silica nanoparticles 

• I. Lunghi  
P33_ Assessing the cleaning efficacy on dry plate negatives via a multi-analytical optical approach 

• E. Carretti  
P34_ Next-generation customizable organogels: a solution for controlled solvent cleaning in modern art preservation 

• S. Vllahu 
P35_ ALTEREGO: New future scenario for saw valorization 

• P. Barbieri 
P36_ Environmental Chemistry at PNRR integrated North East Innovation Ecosystem, iNEST Spoke 8 “Marine, maritime and inland water 
technologies: towards a digital twin of Upper Adriatic Sea” 
 
 

 



  

 
 

XXII Congresso Nazionale della Divisione di Chimica dell'Ambiente e dei Beni Culturali 
Palermo, 16-19 Giugno 2026 

Invited Speaker 

Methods and Tools Supporting the Implementation of the Safe and Sustainable by Design 

Framework for Chemicals and Materials 

E. Semenzin1 

1 Ca’ Foscari University of Venice, Department of Environmental Sciences, Informatics and Statistics, Scientific Campus, via Torino 155, 

30172 Mestre, VE, Italy  

semenzin@unive.it 

The transition towards a sustainable and circular economy requires a fundamental shift in the design 

and assessment of chemicals, materials and products. The European Safe and Sustainable by Design 

(SSbD) Framework constitutes a key operational approach to support this transition, by integrating 

safety and sustainability considerations at early stages of innovation [1]. Developed in the context of 

the EU Chemicals Strategy for Sustainability, SSbD provides a voluntary, pre-market approach aimed 

at guiding the development of solutions that minimise risks to human health and the environment 

while ensuring adequate environmental performance along the life cycle. 

The consolidated version of the SSbD Framework, formalised in the Commission Recommendation 

(EU) 2026/510 [2], further strengthens its role as a structured decision-support tool, aligning with 

broader EU policy instruments, including the Ecodesign for Sustainable Products Regulation (ESPR) 

[3]. Within this context, the operationalisation of SSbD relies on integrating complementary 

assessment domains, notably Risk Assessment (RA) and Life Cycle Sustainability Assessment 

(LCSA).  

These assessment domains enable the characterisation of impacts from different perspectives, 

supporting the identification of trade-offs, hotspots and potential burden shifting along the value 

chain. 

The talk will examine the current implementation of the SSbD Framework, with a critical focus on 

the complementary role of safety and sustainability assessments. 

It will also address the potential contribution of the Environmental Chemistry and Cultural Heritage 

Division in supporting the transition towards the development and uptake of safe and sustainable 

chemicals, materials and products. 

The discussion will be grounded in ongoing European research projects focusing on bio-based 

materials and formulations, including BioSusTex, SurfToGreen and GREENDIGO, in which the 

SSbD Framework is actively implemented to support the design, screening and full evaluation of 

alternative solutions. These projects represent relevant case studies to explore the practical application 

of SSbD across different stages of innovation, particularly in the context of bio-based systems 

proposed as substitutes for fossil-based chemicals and materials.  
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These projects provide an opportunity to assess how safety and sustainability aspects can be 

operationalised in practice, and to identify methodological limitations, data gaps and trade-offs 

associated with the development of bio-based innovative systems. 
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Cultural heritage is a strategic resource for sustainable development, social cohesion, and collective 

identity. However, both movable and immovable heritage assets are facing environmental pressures 

derived from climate change, extreme weather events, pollution, and growing human-induced risks. 

These challenges require a shift from traditional conservation approaches toward integrated risk 

management models capable of anticipating threats, assessing vulnerabilities, and improving 

resilience. Heritage conservation should be based on the identification and evaluation of the hazards, 

the vulnerabilities that increase their susceptibility to damage, and the capacities available to mitigate 

or respond to adverse events. 

Current environmental challenges affecting cultural heritage are closely linked to climate change. 

Rising temperatures, prolonged droughts, floods, storms, wildfires, and sea-level rise are increasing 

both the frequency and intensity of damaging events. Historic buildings, archaeological sites, museum 

collections, archives, and cultural landscapes are particularly vulnerable because many were not 

designed to withstand contemporary environmental conditions. In addition, other hazards, urban 

pollution, salt crystallization, biological colonization, and changes in humidity patterns continue to 

accelerate material deterioration, and increase the vulnerability. 

In this conditions, risk assessment models must provide a systematic framework for understanding 

these threats. Their approach integrates hazard analysis, vulnerability assessment, exposure 

evaluation, and resilience indicators. Rather than focusing exclusively on the probability of a disaster, 

these models must examine how environmental, social, organizational, and technical factors interact 

to determine potential impacts. This holistic perspective allows heritage managers to prioritize 

interventions and allocate resources more effectively. 

A significant contribution of these methodologies is the incorporation of preventive conservation 

principles and interdisciplinary and participatory approaches. The integration of geographic 

information systems (GIS), remote sensing technologies, environmental monitoring, artificial 

intelligence, and digital documentation tools has greatly improved the capacity to detect 

vulnerabilities and support decision-making. Digital twins, predictive models, and satellite-based 

monitoring systems are increasingly being used to assess exposure to floods, wildfires, landslides, 

and coastal erosion. Finally, another emerging trend is the incorporation of citizen participation into 

risk management processes. Community-based approaches allow local knowledge to complement 

scientific assessments and strengthen preparedness measures. The involvement of citizens, cultural 

organizations, emergency services, and non-governmental institutions contributes to a more 

comprehensive understanding of heritage values and risk perceptions. These collaborative models 

have proven particularly useful during emergency planning and post-disaster recovery processes. 
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Looking toward the future, several priorities emerge. 1) climate adaptation strategies must become 

an integral part of heritage management policies, 2) risk assessment methodologies should continue 

incorporating technological innovations, and 3) greater emphasis should be placed on social 

vulnerability, governance capacity, and community engagement, recognizing that heritage resilience 

depends not only on physical conservation but also on institutional and societal preparedness. 
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Recent technological and methodological advances in Raman spectroscopy aimed at overcoming 

long-standing challenges, such as fluorescence and spectral background, limited spatial resolution, 

and imaging performance, will be discussed from the perspective of heritage science. 

Developments such as dual-wavelength excitation strategies (e.g., SERDS), wavelength tuning via 

temperature modulation of diode lasers (e.g., SSRS), modified CCD architectures (such as charge-

shifting detection [1]), and time-gated approaches employing SPAD detectors [2] are opening new 

perspectives for fluorescence reduction or suppression and for mitigating both static and dynamic 

background contributions. 

In parallel, the possibility of selecting CCD pixels spatially offset from the confocal detection 

position, as well as configurations in which excitation occurs at a point while Raman scattering is 

collected along a line and spatial offset information is preserved on the detector, enables spatially 

resolved measurements within the broader framework of deep Raman approaches (e.g., SORS). 

Current developments addressing these challenges emerge within a highly interconnected scientific 

landscape, where methodological and technological innovations originating in one domain can 

significantly influence research directions in others. Raman spectroscopy represents a clear example 

of this dynamic exchange, thus this contribution also highlights the role of cross-fertilization between 

the art field and other scientific domains, briefly touching upon recent developments in machine 

learning/AI [3]. 

The discussion will be framed through research activities carried out over the past decade by the ISPC 

Raman Spectroscopy Laboratory and through its collaborations both within and beyond the cultural 

heritage domain. 
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After about 30 years since the definition of the 12 principles by Paul Anastas and John Warner in 

1998, green chemistry stands out as one of the most investigated research areas worldwide. Since its 

first definition, its essential bond with the environment has emerged clearly and, specifically, the 

pivotal role of a chemistry able to act while preserving the environment [1]. 

 

Starting from this foundational concept, and following the lessons learned, this presentation will 

describe my journey within the green chemistry community, “starting from a small room in a small 

village of Southern Italy” up to enthusiastic collaborations, friendships, and fruitful human and 

scientific relationships developed over the last ten years. 

 

Relevant green chemistry fields, such as the use of biomasses and waste, the benign-by-design 

approach for degradation and recycling, the use of alternative solvents, and new green methods for 

accurate measurements, will be discussed through relevant examples [2–3]. These outcomes have 

recently been implemented in the new declaration of the academic sector Chemistry for the 

Environment and Cultural Heritage (SSD CHEM-01/B), as clear evidence of the central role of green 

chemistry in this context. The link with sustainability will also be presented as a concrete present and 

future need. 

 

Last but not least, personal experiences will be integrated as the basis of a professional growth 

process, as a sincere thank you to all those who have contributed to these achievements and to all 

those who are happy for this recognition. 
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A multitude of contaminants, including those of emerging concern such as pesticides and 

pharmaceuticals, are emitted in the environment by anthropogenic activities. Once released, these 

compounds can be transported far from their sources by air and/or ocean currents and can reach rural 

and remote areas, which are consequently not free from contamination. Regions of the Earth’s 

cryosphere are usually considered as cold traps for contaminants, because low temperatures favor 

deposition processes on ice and snowpacks, where these compounds get eventually trapped [1]. The 

widespread occurrence of contaminants in the environment is concerning, because they can have 

negative effects on ecosystems and human health.  

Besides monitoring their sources and concentrations, it is necessary to study the fate of contaminants 

and their transformation mechanisms in different environmental compartments. This presentation will 

focus on the photodegradation of contaminants in sunlit water bodies, such as lakes and rivers, and 

in ice and snow. Key differences between photoreactions in liquid water and those occurring in ice 

and snow will be highlighted, and the possibility to predict the lifetime of contaminants in these 

matrices will be addressed [2,3]. The study of the photodegradation of contaminants in natural waters 

is of paramount importance to understand the environmental fate of these compounds and their impact 

on ecosystems.  
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The global energy system is shifting toward renewables, with clean energy sources surpassing 40% 

of global electricity generation in 2024 and solar power leading growth for the past two decades. This 

transition is expected to lower the environmental impact of energy-intensive sectors by reducing 

electricity carbon intensity and avoiding fossil fuel losses. However, for mining and primary raw 

material processing, these benefits may be partly offset by declining ore grades and the need to exploit 

deeper or more remote deposits, which increase the carbon footprint of extraction [1]. 

Within this framework, the recovery of critical raw materials from waste and industrial by-products 

is not only a strategic choice but also an environmental priority. In particular, this contribution 

presents the development of innovative microwave-based technologies capable of increasing the 

efficiency of extraction and recovery processes [2]. Microwave heating enables rapid, volumetric, 

and selective energy transfer, offering potential advantages in terms of reduced treatment times, lower 

energy consumption, and decreased environmental impact compared to conventional approaches.  
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This contribution explores the opportunities, challenges, and emerging practices associated with the 

integration of Generative AI into higher education, with particular attention to STEM disciplines. 

Recent reports from international organizations and institutional bodies highlight a rapid growth in 

AI adoption by enterprises, accompanied by an increasing demand for graduates capable of 

interacting effectively, critically, and ethically with AI systems. 

At the same time, a significant proportion of organizations are still reluctant to adopt AI technologies, 

primarily because of a shortage of adequately trained personnel and due to the lack of appropriate 

competencies. This skills gap emphasizes the strategic role of higher education institutions in 

preparing students for a rapidly evolving technological landscape. 

In response to these developments, universities have begun to explore how GenAI can be effectively 

integrated into teaching and learning processes. From a pedagogical perspective, GenAI offers 

significant opportunities, including personalized learning pathways, intelligent tutoring support, 

content generation, and enhanced accessibility for diverse student populations. However, its adoption 

also raises important concerns related to overreliance on AI tools, possible reduced engagement in 

higher-order cognitive processes, hallucination, misinformation, and algorithmic bias. 

Consequently, higher education institutions are increasingly called upon to develop teaching 

strategies and assessment approaches that foster critical thinking, problem-solving skills, disciplinary 

reasoning, and evidence-based decision-making. More broadly, a reflection on the new competencies 

that universities should cultivate has become a priority since preparing students to work effectively 

and responsibly with AI systems may become one of the defining missions of higher education in the 

coming decade. 

 

[1] World Economic Forum, 2025, The Future of Jobs Report 2025, 
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The contribution regards the scientific journey developed at the intersection of environmental 

chemistry, sustainability science, and complex systems theory, headed toward exploring how 

chemistry can contribute to a broader understanding of planetary dynamics. Starting from early 

research on the application of Nuclear Magnetic Resonance (NMR) spectroscopy to biological 

systems and biofuel production, the research progressively evolved toward the study of complex 

environmental systems characterized by nonlinearity, feedback mechanisms, interdependence, and 

dynamic interactions between natural and anthropogenic components. 

Along this path, particular attention is devoted to the conceptual evolution of sustainability science 

and to the development of quantitative approaches capable of assessing human pressure on 

ecosystems. Sustainability is interpreted not as a static feature, but as a dynamic equilibrium 

constrained by thermodynamic principles, material and energy flows, ecological thresholds, and 

temporal scales. Drawing from the reflections first developed in Che cos’è lo sviluppo sostenibile and 

later expanded in The Road to Sustainability, it is underlined how systemic thinking can provide 

robust scientific foundations for interpreting the limits to growth and the biophysical boundaries of 

human activities. 

Another topic addressed is the development and application of sustainability indicators and 

environmental footprint methodologies (i.e. ecological, carbon, water, nitrogen, and phosphorus 

footprints) as integrated tools for linking chemical processes, environmental impacts, and social 

choices. These methodologies help to reveal the ‘hidden’ exchanges between human systems and the 

biosphere, making visible the metabolic dimension of modern societies and providing metrics capable 

of supporting environmental assessment, resource management, and policy design. Emphasis is 

placed on the need to move beyond reductionist indicators toward multidimensional and 

interconnected evaluation frameworks able to capture the complexity of socio-environmental 

systems. 

The central role of chemistry in understanding global environmental change, highlights how 

molecular-level transformations are deeply connected with large-scale ecological and climatic 

dynamics. In this perspective, chemistry is not confined to the analysis of isolated reactions or 

substances but becomes a bridge capable of connecting microscopic processes with systemic 

macroscopic planetary phenomena. 
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The development of durable protective treatments for stone and metal substrates in outdoor cultural 

heritage contexts requires robust, sensitive, and preferably non-invasive analytical methodologies 

capable of monitoring volatile emissions and the long-term stability of additives. In this framework, 

the present study highlights the results obtained from headspace solid-phase microextraction coupled 

with gas chromatography–mass spectrometry (HS-SPME-GC/MS) and thermal desorption GC/MS 

(TD-GC/MS) for investigating the retention of functional additives in protective coatings and biocide 

emissions from stone surfaces. 

In particular, the permanence of corrosion inhibitors in protective coatings for outdoor metal artworks 

was studied, comparing the performances of different inhibitors. In addition, the possibility of 

slowing down the release of the inhibitor from the coating by encapsulating it in nanocontainers was 

evaluated. The results show that using this strategy, the stability and retention of the inhibitor over 

time can be improved [1].   

Later, the same approach was extended to the issue of the permanence of biocides applied to stone 

materials. Mortar mock-ups were treated with three biocides commonly used to limit biological 

growth and then exposed outdoors in Pompeii. The mock-ups were placed in hermetically closed 

Tedlar® bags [2] and conditioned at 80 °C for 30 min prior SPME-GC/MS analysis. Micro-samples 

were also taken with a scalpel for analysis by TD-GC/MS, and the results obtained with the two 

techniques were compared.  

Overall, the combined use of HS-SPME-GC/MS and TD-GC/MS provides a comprehensive strategy 

for evaluating VOC emissions, degradation mechanisms, and additive retention in conservation 

materials. 
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Sludge-derived carbon materials are emerging as sustainable catalysts for advanced oxidation 

processes, yet the influence of synthesis route on catalytic performance remains poorly understood 

[1]. In this work, sewage-sludge-derived biochar (BC-SEW450) produced by pyrolysis at 450 °C and 

hydrochar (HC-SEW) obtained via hydrothermal carbonization were comparatively investigated as 

heterogeneous Fenton-like catalysts for the removal of levofloxacin (LFX) and caffeine (CAF) from 

water [2]. Both pristine and Fe-functionalized materials were evaluated and optimized through a 

multivariate Response Surface Methodology (RSM), considering hydrogen peroxide concentration, 

catalyst dosage, and catalyst type as independent variables [3]. The multivariate analysis revealed a 

clear performance hierarchy among the tested materials. Pristine hydrochar and biochar showed 

limited catalytic activity, with residual concentrations typically above 3–8 ng mL-1. In contrast, iron-

functionalized carbons exhibited a dramatic enhancement in oxidation efficiency. Among them, BC-

Fe-SEW450 demonstrated the highest performance, achieving residual concentrations of 0.158 ng 

mL-1 (LFX) and 0.176 ng mL-1 (CAF) under optimized conditions ([H2O2] = 4.70 mM; catalyst = 

3.87 g L-1). The Fe-functionalized hydrochar (HC-Fe-SEW) also showed strong catalytic activity, 

though slightly lower, with optimized residual concentrations of 0.425 ng mL-1 (LFX) and 0.313 ng 

mL-1 (CAF). RSM identified catalyst type as the dominant factor controlling removal efficiency, 

followed by oxidant concentration, while catalyst dosage showed a non-linear effect. The superior 

activity of BC-Fe-SEW450 is attributed to the combined effect of higher structural stability, improved 

Fe accessibility, and favorable mineral-carbon interfaces generated during pyrolysis. Overall, this 

study demonstrates that synthesis route strongly controls the catalytic behavior of sludge-derived 

carbons and highlights Fe-functionalized biochar produced at moderate temperature as a highly 

efficient material for heterogeneous Fenton-like removal of pharmaceutical contaminants from water. 
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The growing demand for sustainable aluminum production has intensified interest in secondary 

sources and waste valorization, yet aluminum-rich effluents from industrial pickling processes remain 

largely unexploited. Sodium aluminate waste (SAW) streams contain high concentrations of soluble 

aluminum as aluminate species [Al(OH)4]
- but are typically managed as hazardous alkaline waste, 

representing both an environmental burden and a missed resource opportunity [1]. This work 

proposes an integrated approach to close this gap, transforming industrial aluminum waste into 

advanced functional materials for water remediation. 

This valorization strategy involved the recovery of aluminum in the form of aluminum hydroxide 

through controlled acid-induced precipitation from SAW solutions. The obtained Al(OH)₃ was 

directly employed as a secondary raw material for the hydrothermal synthesis of magnesium-

aluminum layered double hydroxides (LDHs), lamellar materials with positively charged layers and 

exchangeable interlayer anions [2]. Owing to their ability to interact with anionic species, waste-

derived LDHs were tested as adsorbents for the removal of organic contaminants from aqueous 

solutions, using methyl orange (MO) as a model dye [3]. 

A systematic study was conducted to optimize adsorption performance. Key investigated variables 

included the Mg/Al molar ratio (1-3), interlayer anion (Cl-, Br-, I-), pH, MO concentration and the 

presence of competing anions. Under optimized conditions, the LDH with Mg/Al ratio of 1 

demonstrated superior efficiency, achieving 99.5% dye removal within 20 minutes, outperforming 

materials with higher Mg/Al ratios. This behavior was attributed to greater interlayer accessibility 

and anion exchange capability. 

The optimized procedure was successfully validated on real water matrices, confirming the 

applicability beyond synthetic systems. Our findings demonstrate a circular economy-oriented 

approach, combining industrial waste management and water treatment challenges through the 

valorization of aluminum-containing effluents into high-performance adsorbent materials. 

The authors sincerely thank the Italian Ministry of University and research (MUR) for FISA-2023- 

00132 project “ALTEREGO - ALuminum wasTEs recYcling and valoRisation for Environmentally 

friendly GOals” - Area “Advanced Materials” (CUP D43C23004630001).  
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One of the most promising Advanced Oxidation Processes (AOP) is the (photo) Fenton-like process 

in which Fe-polyaminocarboxylic acids (Fe-APCA) complexes are employed as catalysts. The most 

investigated ligands belonging to the APCA class are ethylenediaminetetracetate (EDTA), 

ethylenediaminedisuccinate (EDDS) and iminodisuccinate (IDS). However, the environmental 

impacts associated with both the synthesis and application of Fe-APCAs has remained unexplored. 

This study discloses the first systematic comparison of the synthesis and application of these 

complexes, namely Fe-EDTA, Fe-EDDS and Fe-IDS, in (photo) Fenton-like processes for phenol 

degradation. The comparison presented in this study encompasses the evaluation of catalytic activities 

through Turnover Frequencies (TOF) determination [1] along with environmental sustainability 

considerations of their synthesis (cradle-to-gate) and application in photo Fenton-like (cradle-to-

grave) using the Life Cycle Assessment (LCA) methodology. According to the calculated TOF values, 

Fe-EDDS catalyst resulted the most active (33.08 h-1), followed by Fe-IDS (32.44 h-1) and Fe-EDTA 

(23.83 h-1) under optimized conditions. However, the results from comparative LCA showed an 

opposite trend, with Fe-EDDS having the highest impacts, whereas Fe-IDS represents the most 

environmentally sustainable system regarding both its synthesis and application (single scores of 

100.5 mPts and 0.160 mPts respectively), thus providing a desirable trade-off between the catalytic 

activity and environmental burdens [2].  

 

 

References 

[1] P. Prete, A. Fiorentino, L. Rizzo, A. Proto, R. Cucciniello, 2023, Catalysis Today, 

https://doi.org/10.1016/j.cattod.2022.08.006. 

[2] D. Cespi, I. Esposito, R. Cucciniello, P.T. Anastas, 2020, Current Research in Green and 

Sustainable Chemistry, https://doi.org/10.1016/j.crgsc.2020.100028. 

 

 

 



  

 
 

XXII Congresso Nazionale della Divisione di Chimica dell'Ambiente e dei Beni Culturali 
Palermo, 16-19 Giugno 2026 

ORAL 

Life Cycle Assessment of a Hydrometallurgical Process for Rare Earth Recovery from End-of-

Life NdFeB Magnets 

L. Sparascio1*, G. Torta1, D. Cespi1,2, I. Vassura1,2, V. Prakash3 and F. Passarini1,2  

1Department of Industrial Chemistry “Toso Montanari”, University of Bologna, Via Gobetti, 85, 40129 Bologna, Italy 
2Interdepartmental Centre of Industrial Research “Renewable Resources, Environment, Sea and Energy”, University of 

Bologna, Via Dario Campana, 71, 47922 Rimini, Italy 
3Department of Materials Engineering, Synthesis and Recycling (4MAT), Université Libre de Bruxelles, 50 Avenue FD 

Roosevelt, CP165/63, 1050 Brussels, Belgium 

* leonardo.sparascio2@unibo.it 

NdFeB magnets are critical materials for the energy transition, particularly due to their application in 

electric motors and wind turbines. Their high content of rare earth elements (REEs) makes end-of-

life magnets a strategic secondary resource, especially in a European context characterized by strong 

dependence on primary supply from China. Among the available recycling routes, hydrometallurgical 

processes represent a promising option for the recovery of rare earth oxides from spent magnets. 

This work presents a Life Cycle Assessment (LCA) of a hydrometallurgical process developed at the 

University of Bologna for the recovery of rare earth oxides from end-of-life NdFeB magnets. The 

environmental performance of the process was evaluated according to a cradle-to-gate approach, with 

the aim of identifying the main environmental hotspots along the process chain. Particular attention 

was paid to reagent consumption, energy demand, and waste generation. 

In addition, the process was modelled under a hypothetical scale-up scenario to assess how an 

increase in operational scale could affect its overall environmental impacts. The results highlight the 

most critical stages of the process and provide insights into potential improvement strategies, 

supporting the optimization of rare earth recycling routes and their future industrial implementation. 
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Figure 1 Scheme of the hydrometallurgical method for recovering Rare Earth Oxides (REOs) 
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Cultural heritage is increasingly threatened by climate change and atmospheric pollution. In this 

context, degradation mechanisms are described through specific dose-response functions (DRFs), 

which relate climatic data and pollutant concentrations to material damage [1].  

This study proposes, for the first time, the integration of selected DRFs into the LCA framework, 

connecting deterioration models based on climatic data with environmental impact assessment.  

Three equations were implemented in the LCA model: the surface recession functions (e.g., the 

Lipfert [2] and Kucera [3] ones), estimating annual material loss due to climatic parameters and 

atmospheric pollutants uch as SO2, O3, HNO3, PM10, and the biomass accumulation function [4], 

quantifying annual biological growth as a function of temperature and precipitation. Both surface 

recession equations were applied to two case studies: a restoration intervention in Oviedo (Spain) and 

conservation activities performed in the Perillos village (France). The annual material loss estimated 

by the equations was modelled in LCA as an emission flow, enabling the quantification of the 

environmental impacts associated with degradation processes. Restoration activities were then 

functionalized according to the calculated material loss, allowing the assessment of the environmental 

burdens required to maintain the cultural heritage building. The Lipfert equation was then modified 

to consider only the rainfall parameter and was applied to a third case study, the restoration of part of 

the archaeological site of Chichén Itzá (México). Biomass accumulation was evaluated for all three 

case studies. The estimated biomass growth was used to determine the amount of ZnO nanoparticles 

required for surface treatment, allowing the assessment of the related environmental impact. 

By integrating dose-response functions within LCA, the proposed methodology establishes a 

connection between climate risk assessment, material deterioration, and life cycle impact evaluation. 

This integration provides a quantitative basis for defining intervention timing and supports the 

development of a sustainable restoration protocol aimed at minimizing environmental impacts while 

ensuring long-term heritage conservation under changing climatic conditions.  
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The reuse of treated wastewater for irrigation represents an important strategy for sustainable water 

resource management, but it may promote the transfer of residual contaminants to soils, crops, and 

the environment. Endocrine-disrupting compounds (EDCs), such as bisphenol A (BPA) and 4-

nonylphenol (4-NP), are of increasing concern. These substances are addressed in the European 

Directive on the quality of water intended for human consumption (EU 2020/2184) and may also be 

considered in the risk assessment required for the development of the water reuse risk management 

plan under Regulation (EU 2020/741). In this study, a solid-phase microextraction (SPME, 

polyacrylate fiber) method coupled with gas chromatography–mass spectrometry (GC–MS) was 

developed for the simultaneous determination of BPA and 4-NP in environmental water matrices. 

Extraction conditions were optimized using a two-step chemometric experimental design, consisting 

of a Full Factorial Design (2³) followed by a Central Composite Design, to evaluate the effects of 

extraction temperature (40–90 °C), extraction time (10–40 min), and salting-out conditions (NaCl, % 

w/v) on extraction efficiency and method precision. Optimal conditions were achieved at 90 °C for 

40 min without NaCl addition. GC–MS analysis was performed in Selected Ion Monitoring mode. 

The optimized method was validated in terms of linearity, limits of detection (LOD), limits of 

quantification (LOQ), and precision. LOD and LOQ values were 7.8 ng/L and 24 ng/L for 4-NP, and 

0.3 µg/L and 0.9 µg/L for BPA, respectively, complying with the requirements of Directive EU 

2020/2184 for drinking water. Good precision was achieved, with intra-day RSD values ranging from 

7.7% to 9.0% and inter-day RSD values of 8.1% and 9.6% for 4-NP and BPA, respectively. The 

validated method was applied to screen for target pollutants in effluents from wastewater treatment 

plants intended for agricultural reuse and in irrigation waters collected during different sampling 

campaigns, highlighting their relevance for ecosystem services. 
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Landfill leachate management poses a critical environmental challenge because it often contains high 

concentrations of both inorganic (e.g., ammonia and metals) and organic (e.g., per- and 

polyfluoroalkyl substances, PFAS) pollutants, and because conventional treatment can generate 

PFAS-enriched secondary waste streams that require safe handling and disposal [1]. 

In this work, a multi-stage treatment train was developed, integrating a two-stage biological treatment 

with nanofiltration (NF), granular activated carbon (GAC) filtration, reverse osmosis (RO), and 

vacuum concentration to produce water compliant with reuse regulations and to recover salts suitable 

for use as road de-icing agents. To address concentrate management, the NF retentate was treated via 

chemical oxidation and coagulation/precipitation, followed by solidification/stabilization, vacuum 

thermal desorption, and wet conditioning, yielding a cementitious granular material suitable for reuse 

[2]. 

Results indicated that PFAS removal is strongly chain-length dependent across the treatment train, as 

long-chain PFAS are preferentially removed during biological treatment primarily (via sorption to 

sludge) and NF (due to size exclusion and electrostatic effects) [3]. On the contrary, vacuum thermal 

desorption provided higher removal of short-chain PFAS from both the cementitious granular 

material and spent GAC. This work demonstrated that integrated, pilot-scale leachate treatment can 

simultaneously achieve stringent multi-contaminant removal, while recovering usable products and 

reducing secondary waste production, thus supporting the sustainable water management. 
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Nitrogen compounds in agro-industrial wastewater represent a major environmental concern, posing 

significant risks to both aquatic ecosystems and human health. In livestock farming systems, effluents 

are commonly land-applied as fertilizers; however, excessive nitrogen loads leach into surface and 

groundwater, causing eutrophication and elevating nitrate concentrations above safe thresholds for 

drinking water. Elevated nitrate levels have been associated with adverse health effects such as 

methemoglobinemia (“blue baby syndrome”), diabetes, miscarriages, gastric and thyroid cancers, and 

Alzheimer’s disease. To mitigate these impacts, the Nitrates Directive (91/676/EEC)1 identifies 

Nitrate Vulnerable Zones (NVZs) and regulates the land application of livestock effluents, restricting 

their spreading during specific periods to reduce nitrogen leaching into groundwater. Developing 

efficient nitrogen removal technologies is therefore critical for reducing pollution loads and 

supporting sustainable livestock production. Conventional biological approaches often require long 

hydraulic retention times and large infrastructure; in contrast, this study investigates electro-

oxidation, an Advanced Oxidation Process (AOP) that converts ammonium to molecular nitrogen via 

electrochemically generated oxidants, while simultaneously mineralizing organic matter to CO₂. 

Performance was assessed across multiple process configurations, including batch reactors with 

varying electrode geometries and a continuous-flow system treating real buffalo wastewater. 

Complete ammonium removal (100%) was achieved after 3 hours in batch experiments2, while a 

continuous electrochemical reactor treating real wastewater achieved 58.9% ammonium removal and 

27.5% total nitrogen removal with limited nitrate formation3. The technology is currently being 

evaluated in a pilot-scale plant installed at a buffalo farm in the province of Caserta (Italy). These 

results demonstrate the potential of electrochemical treatment as a scalable, resource-efficient 

solution for nitrogen removal from livestock effluents, supporting water reuse in agriculture within a 

circular economy framework. 
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The increasing environmental awareness and predicted scarcity of fossil fuel-based resources have 

intensified the efforts to replace fossil-based solvents with biobased alternatives. Gamma-

valerolactone (GVL) represents a very promising green solvent, finding applications in several fields, 

such as the cosmetics and food industries, and can serve as a precursor for high-value platform 

chemicals [1]. To identify the reaction conditions to optimize the selectivity and productivity of the 

one-pot conversion of furfuryl alcohol to GVL, a Design of Experiments (DoE) was applied in a 

previous thesis work [2]. In this study, we integrate the Life Cycle Assessment (LCA) methodology 

to the DoE dataset to overcome the current lack of knowledge regarding the environmental 

performance of laboratory experiments. The chosen functional unit is the synthesis of 1 g of GVL, 

with a “cradle-to-gate” system, with the goal to compare the 50 experimental tests required to model 

the DoE domain and 3 exploratory tests outside the domain. Environmental Footprint 3.1 (EF 3.1) 

was chosen as the impact assessment method, covering 16 midpoint impact categories. Three 

alternative lab-scale scenarios were built upon the baseline models, to select a subset of the best 

performing experiments for uncertainty analysis with null hypothesis significance testing. Each 

scenario introduces potential optimizations from a perspective of future scale-up. In the current 

baseline scenario, the experiment showing the highest selectivity and the one with the second-best 

productivity in the domain exhibit the lowest impacts according to the single score of EF 3.1 and the 

uncertainty analysis, ultimately resulting in the best operating conditions combining the GVL 

synthesis’s performance to its environmental sustainability. First-tier contribution analysis shows that 

the electricity required during the one-pot reaction, and the catalyst preparation by Spray-Freeze 

Drying are the main contributors for most of the impact categories. In conclusion, the integration of 

LCA with DoE allowed for overarching optimization of the GVL synthesis, pursuing minimization 

of environmental impacts. Perspectives for future works could include regression models for the LCA 

results and the reaction conditions of the synthesis. 

 

References 

[1] F. Kerkel, M. Markiewicz, et. al., Green Chemistry, 2021, https://doi.org/10.1039/D0GC04353B. 

[2] I. Panigara, “Ottimizzazione razionale della produzione a cascata di GVL con catalizzatori compositi 

a base di Aquivion(R) e Zirconia”, PhD Thesis, 2024, https://amslaurea.unibo.it/id/eprint/31191/. 



  

 
 

XXII Congresso Nazionale della Divisione di Chimica dell'Ambiente e dei Beni Culturali 
Palermo, 16-19 Giugno 2026 

ORAL 

ALGINATE-BASED GELS FOR THE REMOVAL OF COPPER STAIN AND  

OXIDATION PRODUCTS 

M. Ferretti,1* M. L. Weththimuni,1 D. Sacchi,1 M. Licchelli,1,2  

1Department of Chemistry, University of Pavia, via T. Taramelli 12, 27100 Pavia 
2CISRiC, University of Pavia, via A. Ferrata 3, 27100, Pavia 

*matteo.ferretti02@universitadipavia.it 

The cleaning of artifacts has evolved into an essential practice in conservation processes, due to 

the frequent accumulation of different unwanted materials on their surfaces. These interventions on 

heritage items typically focus on the removal of substances deriving from natural pollution or non-

original treatments such as dust, grime, aged polymer and varnishes and other unwanted substances. 

Following the research introduced by Wolbers et al. in 1980s to remove dirt and degraded materials 

from different substrates such as metals, stones, and paper, we focused our research on gel materials 

as cleaning tools for the cultural heritage. [1] Various polymers can be formulated into gels by loading 

them with water, organic solvents, or solvent/water mixtures (e.g., emulsions). More recently, the 

research was focused on “green” gels prepared from natural polymers such as agar, gellan gum, 

xanthan gum, and chitosan loaded with water. In particular, hydrogels based on these natural 

polymers have been considered as cleaning tools by conservators over the last few decades. [2, 3] 

The present study focused on the preparation and characterization of innovative alginate-based 

gels, functionalized with polyamines without using common calcium-based cross-linking methods. 

The modified gels with respect to the original materials were characterized using different analytical 

techniques, including FT-IR, NMR, mechanical test and thermal analyses. The main aspect of the 

research involved the application of the prepared gels for removing copper stain from stone (e.g., 

marble) and oxidation products from copper-containing metal surfaces. While various cleaning 

methods have been developed and reported in literature [4], this study aims to provide a milder and 

more controlled approach. The cleaning efficiency and the impact of the treatment on the materials 

were monitored through diagnostic techniques, including Raman and FT-IR spectroscopy to identify 

possible residual contaminants, as well as colorimetry to monitor any aesthetic variations on the 

cleaned surfaces. The novel chemically modified alginate gels can be used as promising cleaning 

tools for safely removing the copper-based materials from different surfaces. 
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Abstract 

Confocal Laser Scanning Microscopy (CLSM) is widely employed in the biological, biochemical, 

and biomedical sciences for high-resolution imaging, using fluorescent dyes or quantum dots (QDs) 

as tagging agents. However, the limited physicochemical stability of conventional fluorescent probes 

has restricted the application of CLSM in fields such as materials and corrosion science. In the field 

of Cultural Heritage, characterising corrosion and alteration layers demands analytical tools capable 

of resolving extremely heterogeneous and three-dimensionally complex surfaces. Recent advances in 

fluorescent materials, including perovskite-based composites, offer new opportunities for high-

performance imaging by minimising background signals and achieving precise, high-contrast 

imaging. In this study, CLSM is presented as an effective and non-destructive tool for the 

investigation of ancient glass alteration by employing CsPbBr3/m-SiO2 composites as stable, high-

emission fluorescent markers. A glass fragment from a historical window exhibiting advanced 

corrosion, characterised by a highly heterogeneous and intricate network of fractures, was used to test 

the potential of the proposed method. A preliminary investigation identified alteration products within 

fractures and mapped their elemental composition. Although these products exhibit strong 

fluorescence suitable for CLSM visualisation, they are unstable and unreliable markers for glass 

corrosion, as they may further contribute to its degradation. This study explores perovskite/m-SiO2 

composites as an alternative probe for three-dimensional characterisation of corrosion features before 

and after deposits removal. While they limit composite penetration in some areas, the composites 

successfully infiltrate microfractures and interconnected alteration networks, homogeneously 

spreading across the surface and filling fractures. This approach enables detailed three-dimensional 

imaging of internal corrosion morphology, demonstrating perovskite/m-SiO2 composites as a more 

reliable and stable method for investigating glass corrosion structures. It also enhances CLSM 

contrast and spatial resolution, revealing subsurface alteration structures more accurately than 
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conventional surface-based techniques. It offers new perspectives for the diagnostic analysis and 

conservation of ancient glass. 

  



  

 
 

XXII Congresso Nazionale della Divisione di Chimica dell'Ambiente e dei Beni Culturali 
Palermo, 16-19 Giugno 2026 

ORAL 

 

FROM WASTE TO ART: VERSATILE PULLULAN ELECTROSPUN NONWOVENS FOR 

SUSTAINABLE VARNISH REMOVAL  

 

G. Di Cara1,2*, F. Ramacciotti1,2, A. Menichetti2, F. Brenda3, D. Cespi3, F. Rosi4, L. Cartechini4, V. 

Di Tullio5, C. Gualandi2, M. L. Focarete2, G. Sciutto2 and S. Prati2  

1Microchemical and Microscopy Art Diagnostic Laboratory, University of Bologna 
2Department of Chemistry G. Ciamician, University of Bologna 

3Department of Industrial Chemistry Toso Montanari, University of Bologna 
4Institute of Chemical Sciences and Technologies "G. Natta"-CNR (CNR-SCITEC), Perugia 

5 Institute of Heritage Science (CNR-ISPC), Montelibretti, Rome 

* giulia.dicara2@unibo.it 

Within the Superstar and GoGreen projects, our research group has investigated electrospun (ES) 

nonwoven as sustainable and improved solvents delivery systems in Cultural Heritage cleaning. By 

their micro/nanoporous morphology, ES nonwovens provide controlled solvent release and show a 

peel-off cleaning mechanism. This facilitates the swelling of the undesired varnish layer and its easy 

removal, minimizing mechanical stress on the paint layers [1,2]. The first focus of this research was 

to compare cleaning performances of pullulan-based ES nonwovens, made of a bio-based 

polysaccharide polymer, and EVOLON, a commercial nonwoven produced by fossil-based 

polymers, with γ-valerolactone (GVL) as solvent. Nuclear Magnetic Resonance (NMR) relaxometry 

was employed to investigate the degree penetration of solvent into paint stratigraphy, while 

Hyperspectral Imaging (HSI) analysis to assess cleaning efficiency and homogeneity. Results suggest 

that pullulan nonwovens allow a more homogeneous, superficial and effective removal of aged 

terpenic varnish, on both laboratory mock-ups and oil painting. Life Cycle Assessment (LCA) 

analysis demonstrates a lower environmental impact of the pullulan-based ES system, in particular 

when derived from food-waste molasses, compared to both EVOLON and traditional cotton swab 

cleaning. The second investigated aspect of ES pullulan mats was that they could be functionalized 

with additives, to provide specific properties. Specifically, adding melanin nanoparticles to pullulan 

fibers yields a photothermal material, that generates localized and controlled heating under red LED 

light. This material, soaked in GVL with half of its absorption capacity, is effective in the selective 

removal of insoluble crosslinked alkyd spray varnishes, simulating graffiti, from street art mockups. 

Furthermore, once dry, ES pullulan nonwovens with melanin can be recycled several times. The effect 

of the cleaning system towards the underneath spray paint layer was evaluated by Brillouin 

spectroscopy and ATR-FTIR microscopy. In conclusion, this study highlights the eco-friendliness and 

versatility of pullulan ES fabrics used as solvent carriers in art restoration. 
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Showcases serve as essential protective barriers in museums, protecting collections from theft, 

physical damage and fluctuations in temperature and humidity. On the other hand, they can promote 

the accumulation of volatile organic compounds (VOCs), posing significant conservation risks by 

fostering chemical interactions with artifacts and potentially accelerating degradation processes.  

This contribution presents a case study at the Museo Nazionale del Cinema (Turin), where an 

integrated approach combining chemical characterization and continuous climate monitoring was 

implemented to examine the microenvironmental conditions within specific showcases. The research 

was prompted by the recurrent formation of opaque patinas on magic lantern lenses. 

The applied methodology enabled the characterization of VOCs emitted within showcases housing 

multi-material artifacts and the relationship between temperature, relative humidity and VOC 

distribution patterns. 

VOC characterization was performed using solid phase microextraction (SPME) combined with gas 

chromatography/mass spectrometry (GC/MS) in three selected showcases. A targeted sampling 

strategy, including measurements inside the magic lanterns and in multiple points within the 

showcases, allowed spatial VOC mapping and source identification, while thermohygrometric 

sensors tracked temperature and relative humidity at two heights (60 cm and 180 cm) to identify 

vertical gradients and characterize moisture distribution. 

The identified VOCs, including acetic acid, benzaldehyde, and various oximes, originated from both 

collections and showcase construction materials, while environmental monitoring revealed 

temperature-driven stratification effects influencing humidity distribution within one of the 

showcases. 

The results indicate that increased relative humidity intensifies the reactivity of acidic VOCs and 

glass substrates, thereby promoting the formation of opaque patinas. 
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As indoor air quality becomes an increasingly critical issue in the cultural heritage field, this 

minimally invasive approach provides effective diagnostic tools for assessing and ensuring safe 

microenvironmental conditions for museum objects. 
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The formation of metallic stains is a challenging problem in the conservation of stone materials. 

Green copper stains are a common occurrence in the field of cultural heritage, as they form wherever 

stone and copper alloys (i.e. bronze) meet. Though increasingly effective and safe cleaning methods 

have been developed, stains usually tend to return after treatment. Therefore, formulating effective 

preventive methods is essential for long-term conservation.  

To solve this issue, the SecureCoats ("Safe, eco-friendly and durable coatings to prevent deterioration 

of heritage stones") project investigated strategies based on hydroxyapatite (HAP) coatings. While 

diammonium phosphate (DAP) is already established as a consolidant for carbonate stone [1], the 

HAP layer it forms may be further modified with new properties. In this study, the calcium phosphate 

network was functionalized with metal ions to protect marble against copper-based staining.  

To test these innovative coatings, a new multi-material accelerated aging test was developed on the 

basis of previous protocols [2,3]. The test was designed specifically to replicate how stone interacts 

with the copper-rich runoff from bronze statues, forming characteristic copper-based products that 

may be found in real cases. The setup allowed a straightforward demonstration of the efficacy and 

durability of the coatings’ anti-stain capacity through spectroscopic techniques (Figure 1). 

 
Figure 2:  approach for the evaluation of coatings with anti-stain properties 
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The present work investigates the accelerated ageing of an innovative anticorrosive coating designed 

for offshore applications, developed within the Horizon SUNRISE project. The research is conducted 

in alignment with the EU Joint Research Center (EU-JRC) Safe and Sustainable by Design (SSbD) 

framework, with a specific focus on the safety aspects during the use phase [1]. 

The coating formulation consists of ethanol as solvent, lamellar zinc, Al₂O₃ nanoparticles, and a 

functionalized silane matrix. Its predominantly inorganic composition promotes the formation of a 

dense and compact protective layer characterized by high adhesion strength, elevated hardness, and 

enhanced corrosion resistance. The system enables single-layer, low-thickness application and room-

temperature curing, thereby reducing material consumption and energy demand in accordance with 

SSbD principles. 

Accelerated ageing tests were performed following relevant ISO standards [2] to simulate critical 

offshore environmental stressors. Photochemical degradation of the coatings was simulated through 

exposure to UV radiation combined with condensation cycles, while marine corrosion processes were 

reproduced via salt spray testing and thermal stress at −20 °C. Post-ageing characterization included 

colorimetry, gloss measurements, 3D optical microscopy, infrared (IR) and Raman spectroscopy, and 

contact angle analysis. 

The innovative coating demonstrated high stability under all ageing conditions, maintaining surface 

morphology and roughness parameters without significant degradation. In contrast, reference 

coatings exhibited progressive deterioration, including early surface yellowing after 

UV/condensation exposure and the formation of corrosion-related defects. 

Overall, the results indicate strong durability of the proposed coating under simulated offshore 

conditions, suggesting potential reductions in maintenance frequency and extended service life. 

Further investigations, including the assessment of chemical species release, are planned to complete 

the evaluation of material performance and potential environmental impacts. The applied SSbD-based 

approach aims to generate early-stage evidence to support safe and sustainable material development 

and risk-informed innovation.  
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Over the past decades, research has focused on the composition of varnishes used in historical 

stringed instruments [1–3]. Analytical studies have consistently identified oil-based systems in 

instruments from the Cremonese golden age (16th–18th century) [1, 4]. The polymeric matrix is largely 

composed of natural terpenic resins, among which colophony, a complex diterpenic resin from pine, 

is frequently reported, including in Stradivarian instruments [4]. Moreover, recent investigations have 

revealed negligible concentrations of inorganic iron-based pigments [1, 3, 4], leading to speculation 

on the possible treatments which yielded the characteristic nuance of Cremonese bowed musical 

instruments as, for example, some kind of thermal pre-treatment of the raw materials to darken them, 

a well-established practise also for modern luthiers. 

For this reason, a set of thermally-treated colophony samples has been prepared (100–180 °C, up to 

16 h) under oxidizing and oxygen-limited conditions to model possible pre-treatments.  

The samples have been firstly assessed for their thermal properties, through thermogravimetry and 

calorimetry, which documented reduced thermal stability and increased oxidative crosslinking with 

increasing temperature, exposure time and oxygen availability. ¹H/¹³C NMR and FTIR-DAC 

indicated early abietic acid degradation already at 100 °C, with increasingly evident transformation 

at higher temperatures and prolonged treatments. Colorimetry and UV imaging correlated chemical 

modification with optical changes, elucidating the causal relationship between specific molecular 

transformations and fluorescence shifts.  

In summary, this study lays the groundwork for future integration of advanced spectroscopic and 

chemometric approaches to establish relationships between the chemical structure and the optical 

properties determining the characteristic appearance of historical violins. 
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Glycerol global volume has scaled in direct correlation with the biodiesel manufacturing, as it 

represents the primary byproduct of the transesterification of oils and fats, accounting for 10% w/w 

of biodiesel production [1]. As a high-value derivative, glycerol carbonate (GlyC) synthesis embodies 

an effective strategy for crude glycerol valorization. Due to its versatility, glycerol carbonate is largely 

employed across multiple sectors, where it serves as a crucial chemical intermediate, as a green 

solvent, and as a fuel additive. Recently, it has emerged also as a promising organic electrolyte carrier 

for electric double-layer capacitors (EDLC) [2]. GlyC synthesis can be achieved through several 

pathways involving either direct or indirect CO2 sources, and various catalytic systems - including 

metal oxides, ionic liquids, and supported solid bases- have been extensively studied [3]. While the 

transesterification of glycerol with dimethyl carbonate (DMC) remains the most common route due 

to its efficiency under mild alkaline catalysis, the direct carbonation of glycerol with CO2 represents 

a highly desirable alternative in the carbon capture context. Other significant methods include the 

reaction of glycidol with CO2 which has seen significant progress via flow intensification, and the 

carbonylation of glycerol with urea. The latter is particularly advantageous as the ammonia byproduct 

could be recycled into urea synthesis, creating a closed-loop chemical process.  

The present study proposes a prospective LCA of GlyC production at industrial scale within cradle-

to-gate boundaries, enabling a comparison of the environmental profile of different synthetic routes. 

Building upon previous laboratory-level (TRL 4) LCIA findings, each process is appropriately 

upscaled to a higher TRL (6–7) context. This transition involves crucial steps such as replacing 

laboratory equipment with large-volume reactors and integrating heat and steam recovery systems, 

moving beyond the purely electricity-dependent energy consumption typical of early-stage research. 

Furthermore, the functional unit is redefined from a mass-based one (100g) to a performance-based 

unit to explore GlyC application across relevant industrial sectors. By adopting a cautionary approach 

and realistic assumptions to define a wide range of future scenarios, this study aims to provide a 

robust prediction of environmental impacts, establishing a benchmark for GlyC industrial relevance. 
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Paleoproteomics aims at characterizing proteins from ancient materials that have undergone extreme 

degradation, where biological information cannot be retrieved through morphological analysis. In 

archaeological samples, only a small fraction of proteins typically survives, often mineralized or 

chemically modified, making protein extraction a critical bottleneck [1]. 

In this study, we propose the development of a new deep eutectic solvent (DES)-based extraction 

protocol specifically tailored for protein recovery in paleo materials [2].  

DESs are a class of solvents formed by mixing a hydrogen bond donor (HBD) and a hydrogen bond 

acceptor (HBA), resulting in a eutectic mixture with a melting point significantly lower than that of 

the individual components. Their versatility in physic-chemical properties, low toxicity, and high 

solubilizing capacity make them promising candidates for protein extraction also on such precious 

relics. Various DES formulations were systematically tested by combining different HBDs and HBAs, 

as well as varying water content, to evaluate their efficiency in gently disrupting protein-matrix 

interactions and enhancing solubilization of degraded proteins while remaining compatible with 

downstream proteomic workflows. The DES systems were further characterized by spectroscopic 

analyses, including Fourier-transform infrared spectroscopy (FTIR). To assess the efficiency of 

protein extraction, the proteins recovered from the DES matrices were purified, enzymatically 

digested, and subsequently analyzed by HPLC-MS/MS.  

In this presentation, the results of the first applications to mock-ups and collagen-based 

archaeological/artistic materials will be shown, highlighting their potentialities and eventual 

drawbacks in comparison with more established protocols [3].  

This approach provides a novel tool for paleoproteomic investigations, trying to maximize the 

recovery of proteins from ancient materials while minimizing analytical interference, opening to new 

frontiers for molecular analysis of archaeological and cultural heritage objects. 
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The use of electronic devices (ED) is by now ubiquitous for several purposes, including 

communication, working and performing daily tasks. Along with the increasing awareness towards 

the adverse effects on human activity on the environment, a growing interest in scientific research is 

devoted to quantifying the embodied environmental impacts [1] of EDs from a life cycle perspective 

[2]. In the private sector, ED manufacturers disclose environmental information to increase their 

transparency and market competitiveness. [3] At the release of a new product, companies can also 

publish Product environmental reports (PER), which are publicly available documents containing 

Life Cycle Assessment-based information for consumers relative to the environmental performance 

of the ED. PERs contain data relative to the contribution of the various life cycle stages of a product, 

including manufacturing, use phase and end-of-life, generally focusing on the carbon footprint (CF) 

and energy consumption of the reference product and reporting methodological considerations, 

technical specifications and mitigation strategies. In this work, PERs published from 3 different ED 

manufacturing companies are selected according to the reference product category, including 

smartphones, tablets and laptops, starting from the first available product and up to the latest 

publication date. Aim of this study is to conduct a statistical analysis to evaluate temporal trends and 

identify potential correlations between CFs, physical characteristics and technical features of the EDs. 

Chemometric unsupervised techniques, i.e. Principal Component Analysis and Cluster Analysis, are 

also employed to extend the data exploration to a multivariate context, with the aim of identifying the 

most relevant features contributing to the environmental impacts of an ED. 
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Although apparently unrelated, both the Cultural Heritage (CH) and Healthcare (H) sectors deal with 

the issue of bacterial colonisation of surfaces, which can lead to biodeterioration of artistic materials 

and spread of healthcare-related infections, respectively. Given this premise, the objective of the BIO-

COATCH project (2023-2026) was the development of innovative coatings for metal surfaces 

combining anticorrosion, antibacterial and biocompatibility properties, while adhering to principles 

of environmental sustainability.  

Cutin, a natural polymer derived from tomato peel by-products, was considered as the base 

component for the innovative coatings since its extraction and use are in line with a circular economy 

approach.  

A preliminary screening phase evaluated different formulations of the coatings, from only cutin-based 

to mixes with a silane-based coating often used in the CH field. Metal nanoparticles were also added 

for the enhancement of the antibacterial properties. The most promising formulations were then tested 

on uncoated and coated bronze (for CH) and copper (for H) specimens, for the evaluation of 

antibiofilm activity, biocompatibility, efficacy, and durability. The latter two parameters were 

assessed via laboratory ageing (i) in conditions of simulated rain run-off and temperature/relative 

humidity/UV cycles for bronze (CH), and (ii) simulation of sweat deposition and sanification 

procedures for copper (H) substrates. In addition, for bronze, field exposure is ongoing at the 

Monumental Cemetery of Bologna, Italy.  
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Specimens were characterised before and after ageing with Scanning Electron Microscopy coupled 

with energy-dispersive spectroscopy (SEM-EDS) and Raman spectroscopy. The solutions sampled 

after coming into contact with the specimens during the accelerated ageing procedure were analyzed 

with Microwave Plasma-Atomic Emission Spectroscopy (MP-AES) to quantify the metals released 

from the substrates, providing information about the corrosion process that occurred. The 

performance of the coatings was also evaluated with Electrochemical Impedance Spectroscopy (EIS) 

throughout the ageing period. These results were considered alongside those from antibacterial and 

biocompatibility tests, thus allowing us to identify the most promising formulations in terms of 

protection against both environmental and biological factors.  
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Organic residue analysis (ORA) in biomolecular archaeology provides critical insights into past 

human practices, including dietary habits, ritual activities, and the function of material culture. 

However, its application is limited by significant analytical challenges, particularly in the 

identification of plant-derived products, whose molecular markers are often poorly preserved, widely 

distributed, and prone to degradation and contamination [1, 2]. Wine residues exemplify these issues, 

as their identification commonly relies on tartaric acid, a biomarker susceptible to multiple sources 

of interference [3]. Similar concerns apply to other markers, highlighting the limitations of single-

compound approaches. 

To address these challenges, this study proposes a multivariate analytical framework to optimize the 

analysis of twelve molecular markers, including organic acids and fatty acids, associated with key 

substances involved in ancient ritual and consumption practices, namely wine, milk, and honey. An 

optimized protocol for extraction, derivatization, and clean-up was developed through experimental 

design using high-performance liquid chromatography coupled with high-resolution mass 

spectrometry (HPLC-HRMS). The method was validated to ensure reproducibility, sensitivity, and 

specificity. The validated workflow was subsequently applied to archaeological samples from Falerii 

Veteres (now Civita Castellana, central Italy) and experimentally aged reference materials. Principal 

component analysis (PCA) demonstrated that the combined marker dataset effectively discriminates 

between substance classes, with clear separation of milk, wine, and control samples based on their 

compositional profiles. This multivariate approach enables more robust interpretation by leveraging 

patterns across multiple analytes rather than relying on individual biomarkers. 
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Cellulose nitrate (CN) cinematographic supports are among the most reactive and hazardous organic 

heritage materials. Their autocatalytic degradation generates acidic and oxidizing species, promotes 

embrittlement and image loss, and can lead to severe fire risk. Small-gauge amateur formats, 

however—especially 9.5mm Pathé Baby—are widely regarded as “safety” films, with the practical 

consequence that many collection surveys and storage policies treat them as intrinsically low-risk. 

This contribution challenges that assumption through a chemistry-led investigation of suspected 

nitrate-based small-gauge films emerging from a large-scale acquisition and digitization context. 

Following Ininfiammabile (2022), a national call led by the RI-PRESE home-movie archive 

(Venice, Italy), several 9.5mm reels displayed atypical deterioration: corrosion of metal containers, 

extremely brittle yellow fragments with loss of visual information, and an odor consistent with 

nitrate decay, corroborated by rapid combustion tests on already-image-less fragments.  

The study addresses three questions: (1) can the presence of CN-based 9.5mm elements in historical 

collections be demonstrated analytically? (2) which minimally invasive, replicable workflow best 

discriminates CN from cellulose acetate in degraded small-format samples? and (3) can 

chemical/technological evidence suggest plausible non-standard manufacturing or distribution 

pathways?  To answer these, we applied a multi-analytical protocol integrating (i) optical microscopy 

and micro-stratigraphic observation to document physical decay and layer build, (ii) FT-IR and 

Raman spectroscopy to identify the support polymer and confirm the gelatin-based emulsion, and (iii) 

pyrolysis–GC/MS (Py-GC/MS) to verify organic composition and profile low-molecular-weight 

additives/plasticizers relevant to stability. Vibrational spectroscopy provided unequivocal CN/acetate 

discrimination via diagnostic bands, while Py-GC/MS strengthened attribution at the molecular level 

and enabled targeted assessment of additive fingerprints (e.g., camphor-associated formulations 

versus phosphate plasticizers), supporting interpretation of degradation behaviour. 

Analytical results confirmed that selected “suspect” 9.5mm samples are nitrate-based. Chemical 

evidence aligns with technological anomalies (non-standard perforation geometry and unexpected 

edge markings associated with 1920s industrial film production), supporting a working hypothesis 

of irregular practice—small-gauge material produced by slitting larger-format nitrate film and 

subsequent perforation—potentially driven by cost and supply constraints during the late 1920s. 
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Finally, the work provides conservators-restorers and collection managers with an evidence-based 

screening strategy to detect CN within presumed “safe” small-gauge holdings, improving triage, 

segregation, storage prioritization, and emergency planning.  
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This study examines fine tableware produced in southern Italy between the thirteenth and fourteenth 

centuries, characterized by the introduction and widespread use of lead and lead–tin glazes, a major 

technological innovation in regional ceramic production. Archaeological and archaeometric data from 

northern Apulia and nearby areas are integrated to reconstruct manufacturing techniques and 

exchange networks, with a focus on Protomaiolica, the precursor of Maiolica. The chemical, 

mineralogical, and structural analysis of glazes and decorative methods provides key insights into 

technological developments, cultural interactions, and trade within the Mediterranean koinè. 

A central outcome of this research is the notable creativity and experimentation of medieval potters, 

albeit influenced by external traditions. While high-quality productions for elite contexts relied on 

selected, often non-local raw materials, artisans also developed innovative solutions to replace costly 

or scarce resources. These strategies produced convincing imitations, enabling more economic 

production and wider distribution across different social groups. This dynamic reflects reciprocal 

influences between luxury and everyday goods, as well as between local and imported ceramics, 

contributing to a clearer classification of medieval ceramics and a better understanding of the 

socioeconomic and cultural transitions between Antiquity and the early Modern period. 

 

 

Figure 1. Haüyna crystal in the blue glaze of Melfi fragment 
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Archaeological records and stable isotope measurement 
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Bulk stable isotope (δ13C, δ15N, δ18O, δ34S, 86Sr/87Sr) analyses have become nowadays an essential 

tool in archaeological research, providing valuable insights into the investigation of ancient 

populations lifeways. In this presentation, we will showcase the rapid evolution in the last decades of 

isotopic analyses and their applications in the archaeological field, and in particular the current 

research projects and the advanced isotopic techniques currently in use at the “iCONa” (isotopic 

Carbon, Oxygen and Nitrogen analysis) laboratory of the University of Campania “Luigi Vanvitelli”. 

The talk is centred around investigating the relationship between ancient societies and the 

environment using advanced biomolecular and isotopic techniques, encompassing different time 

periods and geographic areas. We present innovative scientific protocols to pretreat samples of 

zooarchaeological, archaeobotanical, and osteological human remains, to carry out stable isotope 

measurements and radiocarbon analyses. We specifically focus on investigating paleodiet (δ13C, δ15N) 

and spatial mobility (δ18O,86Sr/87Sr) in ancient populations, and their modification into the time (14C). 

Moreover, the field of bioarchaeology has witnessed a significant evolution in stable isotope analysis 

techniques over the last years. Advancements in mass spectrometry, analytical instruments, and 

biomolecular methods, have improved the resolution and accuracy of stable isotope measurements 

with the emergence of novel methodologies. Specifically, the employment of advanced techniques 

such as compound-specific stable isotope analysis of amino-acids (CSIA-AA) and incremental 

dentine analysis is allowing us to gain valuable insights into past human subsistence practices at a 

high-resolution level. Furthermore, the increased number of published bioarchaeological databases 

and their meta-analyses has played a crucial role in addressing archaeological questions at different 

spatial and temporal scales. In particular, R-based modelling tools to perform meta-analyses on 

isotopic data are developed, useful to put a specific focus on estimating the macronutrient contribution 

of food sources in past populations to increase the resolution of isotope-based dietary reconstructions. 

Finally, as application of the techniques implemented, we present the results of a multidisciplinary 

research, in which, using different innovative methodology of isotopic mass spectrometry, the “way 

of life” of people of the ancient community of Pompei is analyzed. 
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The knowledge of the impact and interaction of chemical and microbiological agents with the tangible 

archivistic heritage strengthens our ability to preserve historical documents over time [1]. The 

characterization of inks and substrates chemical composition is a crucial step in preventive 

conservation approach [2]. Herein, a study of the inks composition and possible recipe used for letters, 

written by the architect Luigi Vanvitelli and stored in the Museum Royal Palace of Caserta, is 

presented, along with a short review of the coeval available ink recipes. A multi-analytical approach 

was adopted including optical and electron microscopies, vibrational spectroscopies, liquid 

chromatography with mass spectrometric detection. Moreover, microorganism isolation and 

characterization were carried out on selected samples. A qualitative ink recipe was first determined, 

clearly identifying amorphous carbon, iron sulphate and several gallic-acid related species, thus 

evidencing a rarely reported mixed carbon-iron gall ink. Quantitative estimation of Fe/Zn/Cu contents 

were also provided. Several degradation products were detected and preliminarily interpreted in terms 

of a combination of chemical and microbiological degradation. Both formulation details and warnings 

on the diagnostics of mixed carbon-iron gall inks arise from the present study, calling for further 

investigation into their degradation mechanisms.  
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In the field of conservation of canvas paintings, it is fundamental to understand the artwork as a 

physical system to assess consolidation strategies. Historical paintings have a complex layered 

structure (usually including canvas, ground, imprimitura, layer and several paint layers and a varnish 

as topcoat), whose mechanical properties are the combination of numerous factors [1]. Traditionally, 

this behaviour has been studied using modern reference canvases or mock-up tests [2,3], 

revealing important insight. However, they failed to accurately represent the response of the structural 

complexity of historical paintings, naturally aged.  

Preferring minor artworks to laboratory-made samples, it is possible to investigate a more realistic 

response to mechanical stress that closely resembles those of musealised paintings. This approach 

represents a fundamental first step toward evaluating what an effective consolidant is and improving 

consolidation treatments tailored to the specific needs of each artwork. By analysing real objects, it 

is possible to explore valuable mechanical aspects such as stiffness, tensile strength, maximum 

applied force and ductility, both before and after the application of consolidants. Moreover, this 

approach allows the assessment of how different products interact with painting layers subjected to 

various degradation phenomena, guiding the optimisation of mechanical response, chemical stability 

and user’s safety of new consolidants. 

This research constitutes a significant component of the COME-IN! project, which seeks to translate 

conservators' feelings about consolidation practices into objective data and develop tailored 

conservation solutions. Within this framework, mechanical testing of historical paintings serves as a 

foundation for designing consolidation products specifically tuned to the peculiar needs of painting 

systems. 

 

References 

[1] S. Maraghechi, E. Bosco, et. al., 2025, NPJ Heritage Science, 10.1038/s40494-025-02215-7. 

[2] A. Brindarolli, A. Nualart-Torroja, et. al., 2020, Heritage Science, 10.1186/s40494-020-00396-x. 

[3] Ž. Penava, D.Š. Penava, 2016, AUTEX Research Journal, 10.1515/aut-2015-0023. 

 

  



  

 
 

XXII Congresso Nazionale della Divisione di Chimica dell'Ambiente e dei Beni Culturali 
Palermo, 16-19 Giugno 2026 

ORAL  
 

The Addaura Caves (Palermo, Italy): analytical and digital methods for conservation 
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The Addaura cave complex, located at Monte Pellegrino, Palermo, preserves one of the most 

important ensembles of Upper Palaeolithic rock art in the Mediterranean. However, since 1997, the 

site has remained inaccessible because of severe geological instability, condition that made it a 

paradigmatic case for the development of alternative strategies of documentation, analysis, 

conservation, and public access. This contribution presents the preliminary results of an integrated 

study focused on the Grotta delle Incisioni and the Antro Nero, where terrestrial laser scanning and 

photogrammetry were combined with non-invasive archaeometric investigations and microbiological 

monitoring. In this pipeline, the 3D model acts as a spatial framework for the integration of analytical 

and multi-temporal data, enabling the correlation of geometry, conservation state, mineralogical 

composition, alteration processes, and microbiological evidence within a unified digital tool. 

In situ analyses, specifically, included: Raman spectroscopy, used to identify the composition of the 

rock surface and compounds related to alteration phenomena; X-ray diffraction (XRD) and X-ray 

fluorescence (XRF), used to characterize and compare the mineralogical and elemental composition 

of the red soils collected inside and outside the cave. Sterile swabs sampling were applied in selected 

areas for DNA extraction and next-generation sequencing targeting bacterial (16S) and eukaryotic 

(18S) markers, to assess microbial communities potentially involved in biodeterioration processes. 
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Despite the vast amount of data available from the scientific literature, the complexity of modelling 

the surface of outdoor bronze artworks (the bronze alloy/patina-corrosion layer/protective system 

subjected to climatic variations) still hinders the technological transfer of innovative products and 

treatments to the conservation/restoration professionals. Furthermore, the lack of standardized 

materials and methods for testing represents a significant part of this issue. A methodological 

approach for the analytical investigation and long-term monitoring of coatings for marine outdoor 

bronzes was established in the framework of the PRIN2022 MEDUSA project [1], with a special 

attention to nanostructured coatings formulations [2]. A holistic strategy was adopted by considering 

the bronze alloy/patina-corrosion layer/coating/environment as an integrated system rather than a 

combination of single and independent components. Natural marine weathering was investigated by 

exposure of foundry-patinated bronze mock-ups at two exposure sites: i) Genoa Experimental Marine 

Station and ii) Climatic Environmental Observatory of Capo Granitola (Trapani). The major 

outcomes of the project concern the development of sustainable methodologies and protocols for 

assessing and monitoring the performance of treatments on outdoor bronze monuments in changing 

environments. The generation of large data sets of chemical-physical properties of marine outdoor 

bronzes surfaces made essential the use of multivariate analysis to extract the meaningful information.  
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The implementation of the Safe and Sustainable-by-Design (SSbD) framework [1] for Advanced 

Materials (AdMa), particularly in the early stages of research and development, is challenged by 

limited data availability and high uncertainty. This work, developed in the frame of the HE SUNRISE 

project, presents a structured Safety Screening Tool (SST), based on a probabilistic approach, to 

support early-stage SSbD implementation by systematically addressing hazard and exposure aspects 

across life-cycle stages [2].  

The SST is organized into two sequential tiers. Tier 1a consists of a 14-question single-level 

questionnaire for rapid qualitative screening, while Tier 1b follows a multi-level decision-tree 

structure that enables further refinement only when relevant. Subordinate questions are triggered 

exclusively by affirmative top-level responses, reducing unnecessary assessment effort and avoiding 

disproportionate data requests. Each assessment item is also linked to a prioritized set of methods and 

tools for addressing data gaps. The tool was applied to a TiO2-based case study involving three 

innovative AdMa formulations and one commercial benchmark intended for use as UV filters in 

sunscreen formulations. Tier 1a enabled differentiation among alternatives under high uncertainty, 

while Tier 1b highlighted broader data gaps and showed the influence of assessment depth and 

information completeness on comparative outcomes. The probabilistic visualization of uncertainty 

supported transparent interpretation and prevented overconfidence in the results. 

Overall, the SST identifies safety hotspots, exposure-relevant life-cycle stages, and priorities for 

further data generation, offering a pragmatic and proportionate entry point for early-stage SSbD 

screening of AdMa and supporting alignment with evolving regulatory expectations. 
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Lithium is a critical raw material for rechargeable batteries and energy storage technologies, with 

rapidly increasing demand driven by the energy transition. Conventional extraction methods are often 

energy-intensive and environmentally demanding, highlighting the need for more sustainable 

recovery strategies [1]. Among emerging technologies, adsorption represents a simple and potentially 

efficient approach for lithium recovery from aqueous systems. In this context, geopolymers are 

promising adsorbent materials. They are inorganic aluminosilicate networks obtained from the alkali 

activation of waste-derived precursors, characterized by negatively charged frameworks that enable 

ion exchange [2-3]. In this work, three different geopolymer formulations were inserted into steel 

columns, either by pouring or by insertion after annealing to investigate the use of waste-derived 

geopolymers for lithium recovery in fixed-bed systems. 

 

 
Figure 3. Geopolymer inserted into the column 

The results show that cation adsorption is influenced by the geopolymer formulation; among the three 

adsorbent materials, those synthesized in the presence of potassium-based alkaline activators 

exhibited significantly higher affinity for lithium, calcium, and sodium, whereas the material obtained 

under milder conditions showed lower affinity for all cations studied. Potassium release was also 

detected during dynamic adsorption tests, confirming the cation exchange capacity of the 

geopolymers and suggesting adsorption occurs primarily via an ion exchange mechanism. These 

results support further investigation under competitive conditions representative of real systems. 
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The progressive increase in environmental pollution and atmospheric CO2 levels intensified the need 

for sustainable technologies for pollutant removal and environmental remediation. Several 

approaches have been proposed for this purpose. However, many of these methods are associated 

with high energy requirements, elevated operational costs, and complex infrastructures. In recent 

years, nanostructured materials have emerged as attractive alternatives owing to their high specific 

surface area, enhanced reactivity, and tunable physicochemical properties. Among them, nanoclays 

have attracted considerable interest as sustainable and efficient adsorbents for the removal of 

pollutants. Here, biohybrid xerogels based on chitosan and halloysite nanotubes (HNTs) were 

developed through a scalable and sustainable approach involving solvent casting of the corresponding 

hydrogels. Rheological investigations demonstrated that the incorporation of HNTs significantly 

enhances the viscoelastic properties of the hydrogel, promoting the formation of robust three-

dimensional networks. The nanotubes represent an inorganic skeleton within the chitosan matrix, 

preventing the structure from collapsing upon drying and it allows for the control over their 

morphology and shape. Mechanical testing highlighted indeed remarkable improvements in stiffness 

and elasticity with increasing nanotube loading. The resulting biohybrid xerogels were evaluated as 

sustainable adsorbent materials for environmental remediation. 

In particular, the ability of chitosan/HNTs xerogels to capture p-coumaric acid from aqueous media 

and adsorb CO2 from air was investigated, demonstrating good adsorption capacities in both cases. 

The xerogel with the largest HNTs content achieved the highest p-coumaric acid uptake (~64% in 

16.7 h) and showed a 10% improvement in CO2 adsorption compared to the sample with 3 wt% of 

halloysite highlighting its potential for pollutant capture in both liquid and vapor phases. 
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PFAS contamination of groundwater in the central Veneto plain (Northern Italy) represents one of the 

most extensive and consequential aquifer pollution cases documented at regional scale. This 

contribution examines the case through an aquifer-centred perspective, integrating retrospective 

reconstruction and perspective assessment within a source–pathway–receptor framework. Available 

monitoring evidence, derived from a large public dataset collected since 2013, indicates that 

contamination originating from the Miteni industrial site has affected a multi-layered hydrogeological 

system, with a plume extending for more than 40 km, involving both phreatic and confined aquifers, 

and compromising groundwater resources used for drinking water supply and other strategic purposes 

[1]. The retrospective analysis highlights the consistency between plume geometry, groundwater flow 

structure, long-term source persistence, and the spatial-temporal evolution of PFAS concentrations, 

including both legacy compounds and more recent replacement substances. The case therefore 

provides a unique large-scale hydrogeological tracer of contaminant migration [2] under prolonged 

mass discharge conditions [3]. 

From a perspective standpoint, the evidence indicates that as long as the source remains active, aquifer 

restoration is not realistically achievable within acceptable timescales, and future management should 

prioritize containment, long-term monitoring, exposure mitigation, and protection of water uses rather 

than full remediation. In addition, PFAS from other sources were found to contribute significatively.  

The Veneto case thus frames PFAS groundwater pollution as a persistent environmental risk requiring 

integrated hydrogeological, monitoring, regulatory, and management approaches [4]. 
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Atmospheric nanoparticles, particularly ultrafine particles (UFP, <100 nm), represent one of the major 

challenges in health risk assessment, as their extremely small size enables deep penetration into the 

respiratory system and potential systemic effects. Their growing relevance has led the World Health 

Organization to recommend systematic monitoring since 2021, as UFP are often not captured by 

traditional mass-based metrics (PM2.5 and PM10). 

To accurately characterize UFP, an AQ Guard Smart 2000 spectrometer (Palas), designed for Particle 

Number Concentration measurements in the 0.01–1 μm range, was installed at the Costa Morena site 

(Brindisi). The instrument operated continuously from 1 June 2024 to 14 January 2025, providing 

200 high-resolution daily samples. 

Particle number data were analyzed using Positive Matrix Factorization (PMF) following EPA 

guidelines. Interpretation of the extracted factors was supported by particle size distributions, 

correlations with gaseous pollutants (C₆H₆, O₃, CO, NO₂, SO₂) and with PM10 and PM2.5, as well as 

by wind-based polar plots. 

The PMF model identified five factors, attributed to the following likely emission sources: fresh 

traffic, aged traffic, regional background, and two mixed sources that account for contributions from 

airport, maritime, and industrial activities. The integration of number-based data, size metrics, and 

gaseous tracers allowed a robust characterization of nanoparticle sources, highlighting the added 

value of Particle Number Concentration for UFP source apportionment. 

The results demonstrate that the AQ Guard Smart 2000, thanks to its capability to effectively measure 

ultrafine particles, provides a level of sensitivity and resolution unattainable with conventional optical 

instruments. Overall, the study confirms that advanced number-based monitoring systems are 

essential when assessing nanoparticle-related health risks in complex environments. 
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Studies on bioaerosols have been developed by sampling air at a waste water treatment plant [1], in 

healthcare wards of university hospitals of Trieste [2], Bari and Lecce, as well as in laboratory 

controlled conditions [3]. Bioaesosol samplers using different physical collection principles are 

available, and they have shown pros and cons: extended sampling studies privileged ease of 

operations to optimal microbial biodiversity capture, by portable devices and gelatin filters, as well 

as deposition plates. A dental clinic, an internal medicine ward, an intensive care ward and a whole 

emergency department have been considered. Microorganism characterizations have been carried out 

by molecular methods (PCR, MALDI-TOF), or by classical cultivation methods.  Molecular methods 

have also allowed the study of anti-microbial resistant bacteria in WWTP pools generating aerosols, 

by Next Generation Sequencing approach. The presence of mobile antimicrobial resistance genes in 

aerosols, focusing on multidrug resistant Acinetobacter Baumanni from hospital ward and gene 

mobility experiments has been also conducted. Co-aerosolization experiments have been carried out 

in aerosol chambers and in a customized rotating drum for studying interactions between biotic 

aerosol – abiotic aerosols. Experimental results have pointed at critical dimensional interval around 

0,3-0,4 micrometers for agglomeration between different types of aerosols and relative stability in 

air; there are hints for focusing attention in further pathogen transmission studies on such specific 

aerosol size ranges. This work has been supported by the Italian MUR Project “INCRITA”, 

PRIN2022 “20229KTNRM” and by the project “iNEST – Interconnected Nord-Est Innovation 

Ecosystem”, ECS_00000043, of the PNRR, funded by the European Union, NextGenerationEU – 

CUP J43C22000320006. 
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Atmospheric particulate matter pollution represents a major environmental concern in highly 

industrial urban areas, where air quality is affected by a variety of anthropogenic emissions. In 

complex urban-industrial contexts, such as that of Pomigliano d’Arco (NA), measuring PM₂.₅ mass 

alone is insufficient to describe pollution dynamics. In this scenario, analyzing the soluble ionic 

fraction is crucial, as it provides a useful diagnostic indicator for identifying the contribution of 

various sources. (Chianese et al., 2019). 

This study aims to examine the seasonal variability of the main inorganic tracers during 2022, with 

the aim of assessing how different seasonal patterns influence the formation mechanisms, 

composition, and distribution of fine particulate matter in a highly anthropized environment. 

The monitoring campaign was conducted throughout 2022 at Pomigliano d’Arco. Daily PM₂.₅ 

sampling was performed using the SWAM 5a Dual Channel gravimetric sampler on quartz-fiber 

filters (Whatman), in compliance with the UNI EN 12341:2014 standard. Samples were extracted in 

an ultrasonic bath with ultrapure water (Milli-Q) and analyzed by Ion Chromatography (IC) with 

conductometric suppression for the simultaneous determination of anionic and cationic species. The 

results showed that daily mean PM₂.₅ concentrations frequently exceeded 25 µg/m³, the WHO (2021) 

guideline value. The ionic composition exhibits clear seasonal variability, with significant changes in 

the main inorganic tracers. During winter, NO₃⁻ (2.44 ng/m³) prevails, favored by low temperatures 

that stabilize ammonium nitrate (NH₄NO₃) (Chianese et al., 2022). At the same time, the peak in K⁺ 

(0.58 ng/m³) indicates a significant contribution from biomass combustion for residential heating. 

With the arrival of spring, higher levels of SO₄²⁻ (2.57 ng/m³) and Ca²⁺ (1.12 ng/m³) are observed, 

attributable to the resuspension of road and crustal dust (Di Vaio et al., 2016), while the peak in Na⁺ 

(0.51 ng/m³) reflects the contribution of marine aerosol (Cesari et al, 2018). In summer, the 

volatilization of ammonium nitrate leads to a reduction in NO₃⁻ levels (0.68 ng/m³), while SO₄²⁻ 

increases due to enhanced photochemical oxidation. Finally, in autumn, a progressive increase in 

NO₃⁻ (1.38 ng/m³) and K⁺ (0.68 ng/m³) is observed, reflecting the gradual resumption of domestic 

heating emissions typical of the colder months. The study conducted in 2022 highlights how the ionic 

fraction of PM₂.₅ in Pomigliano d’Arco reflects the synergistic impact of local activities and seasonal 

chemical transformations. This characterization provides a robust dataset for understanding 
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atmospheric processes in complex urban–industrial areas and represents a fundamental contribution 

to air-quality management at the local scale. 
Figure Seasonal concentrations of inorganic ions in PM2.5 samples from Pomigliano d'Arco.                                    
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The human exposome represents an advanced tool for environmental monitoring and for assessing 

human exposure to contaminants, particularly in contexts characterized by high anthropogenic 

pressure and increasing environmental variability driven by climate-related changes. 

In recent years, it has become increasingly evident that multiple environmental factors influence 

population health, with chemical and physical pollutants recognized among the major threats to public 

health. Their systemic effects can impact different organs, including the reproductive system. 

Biological matrices such as blood serum, urine, and semen retain traces of environmental exposure, 

and growing evidence indicates that semen may act as an early and sensitive biomarker of 

environmental contamination, directly linked to male reproductive health. 

In this framework, a previous study investigated healthy young men living in three Italian areas 

characterized by high environmental risk: Brescia-Caffaro (Site of National Interest, SIN), Valle del 

Sacco, and Terra dei Fuochi. Blood serum, semen, and urine samples were analyzed to determine 

concentrations of heavy metals and rare earth elements. The study also includes analyses of different 

contaminants such as PAHs, PCBs, dioxins and furans, PFAS, and bisphenols in semen and serum 

samples, using LC-MRM/MS and GC-MRM/MS mass spectrometry techniques. 

The present study expands this investigation within the EcoFoodFertility project, including two 

additional biomonitoring campaigns conducted in the Modena area and in the Terra dei Fuochi region 

(Campania). Although not formally classified as Sites of National Interest, these areas are 

characterized by intense anthropogenic and industrial activities, suggesting potential environmental 

risks that are not fully captured by current classifications. Participants were selected among healthy 

young men aged 18…30 years, applying consistent inclusion criteria and anthropometric 

characteristics. Chemical analyses of serum and semen were performed using inductively coupled 

plasma mass spectrometry (ICP-MS), with validated analytical methods. 

https://www.google.com/maps/place/data=!4m2!3m1!1s0x133b096c52a9aa7d:0xab3b652de399f8f3?sa=X&ved=1t:8290&ictx=111
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Semen results were compared with reference thresholds for sperm quality established by the World 

Health Organization (WHO), revealing that a significant proportion of samples fell below these limits.  

The values found in the blood serum matrix were assessed against the reference values of the Italian 

Society for Reference Values (SIVR) and studies conducted by the Italian National Institute of Health 

(ISS 10/22 and ISS 11/9). The integration of internal exposure data with environmental context 

provides a powerful approach for improving environmental monitoring and enabling a more realistic 

assessment of environmental health risks. These findings highlight the importance of incorporating 

human biomonitoring into environmental risk assessment frameworks, supporting preventive 

strategies and public health policies, particularly in areas not officially classified as high-risk but 

potentially vulnerable to environmental pressures.  
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Microplastic (MP) pollution is widely recognized as a global environmental threat. While numerous 

analytical techniques have been developed to study MPs and associated organic contaminants - such 

as additives, persistent organic pollutants, and degradation products - significant gaps remain in 

understanding their interactions with ecosystems. Among available approaches, analytical pyrolysis-

based techniques enable effective mass-based quantification of polymers and associated 

contaminants. However, complex environmental matrices often require labor-intensive and time-

consuming sample pretreatment. 

In this study, we developed and optimized a one-pot microwave-assisted sample pretreatment method 

designed to provide a comprehensive analysis of both MPs and co-occurring organic pollutants. The 

method was tested on mussels exposed to microplastics (PP, PE, and N6), representing a challenging 

biological matrix rich in proteins and lipids. Microwave-assisted extraction was combined with 

thermal desorption and pyrolysis–gas chromatography–mass spectrometry (Py-GC-MS) to identify 

and quantify contaminants commonly associated with MPs, including phthalates, polycyclic aromatic 

hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), and other emerging contaminants [1,2]. 

Following extraction, the same sample underwent microwave digestion to enable characterization 

and quantification of MP content. Experimental conditions were systematically optimized to achieve 

efficient digestion while minimizing polymer degradation. 

Overall, this rapid and integrated method offers a streamlined approach for the simultaneous analysis 

of microplastics and associated contaminants in complex biological samples. Its potential extension 

to human samples could support improved assessment of human exposure and contribute valuable 

data for environmental and public health studies. 

 

References 

[1]. Biale et al., Environmental Science: Advances, 2024, https://doi.org/10.1039/D3VA00216K 



  

 
 

XXII Congresso Nazionale della Divisione di Chimica dell'Ambiente e dei Beni Culturali 
Palermo, 16-19 Giugno 2026 

[2]. La Nasa et al., Journal Of Hazardous Materials, 2021, 

https://doi.org/10.1016/j.jhazmat.2020.123287 

  



  

 
 

XXII Congresso Nazionale della Divisione di Chimica dell'Ambiente e dei Beni Culturali 
Palermo, 16-19 Giugno 2026 

ORAL  

 

Cenchrus setaceus as a Roadside Passive Collector of PAHs and Trace Elements 

D. Savoca*1, D. Amorello1, G. Arrabito2, S. Barreca3, S. Orecchio2, G. Cammilleri4, V. Ferrantelli4 and A. Maccotta1,5 

1 Department of Biological, Chemical and Pharmaceutical Sciences and Technologies (STEBICEF), 

University of Palermo, 90100 Palermo, Italy. 
2 Physical and Chemical Department, University of Palermo, 90100 Palermo, Italy 

3Chemical Sciences Department, University of Catania, Viale Andrea Doria 6, 95125 Catania, Italy. 
4Food Department, Istituto Zooprofilattico Sperimentale della Sicilia “A. Mirri”, 90129 Palermo, 

Italy 
5 National Biodiversity Future Center (NBFC), Palermo, Piazza Marina 61, 90133 Palermo, Italy 

* dario.savoca@unipa.it 

Polycyclic aromatic hydrocarbons (PAHs) and trace elements (TEs) are widespread environmental 

contaminants of concern due to their potential impacts on environmental and human health. This 

study evaluates the invasive grass Cenchrus setaceus (syn. Pennisetum setaceum) as a passive 

collector of both PAHs and TEs across urban and coastal areas of Palermo, Sicily. Sampling 

campaigns were conducted at 12 sites with varying traffic intensity and anthropogenic pressure.  

PAH concentrations showed significant seasonal variation (PERMANOVA; p = 0.0042), with low-

molecular-weight compounds dominating in summer and higher-molecular-weight PAHs in winter. 

Diagnostic ratios pointed to mixed sources, primarily vehicular traffic and fossil fuel combustion, 

with additional contributions from biomass burning and domestic heating. Urban sites exhibited the 

highest contamination, with levels comparable to or exceeding those in other plant species. 

Elemental analysis showed moderate contamination and spatial variability, with Fe, Zn, Mn, and Cu 

as the most abundant elements. Spearman’s correlation analysis revealed significant associations 

among several elements, suggesting potential co-accumulation and shared sources, while Sr and Mo 

exhibited more independent behavior. 

Cenchrus setaceus, which thrives along roadsides and other anthropogenic habitats, can effectively 

reflect the atmospheric deposition of both organic and inorganic contaminants over time. Beyond its 

role as a passive collector, its tolerance to pollutants suggests an intrinsic “invasive phytoremediation” 

potential, contributing to pollutant attenuation while providing insight into local contamination. 

Consequently, it could represent a cost-effective resource for environmental assessment, integrating 

sensitivity to spatial and seasonal variability with remediation capacity. Biomass collected during 

control or eradication efforts can further support integrated approaches by enabling environmental 

monitoring, aiding invasive species mitigation, and providing valorization pathways, including the 

production of bio-based building materials [1]. Despite requiring careful control, its widespread 

occurrence along roadsides offers a strategic advantage for incorporation into sustainable 

biomonitoring frameworks. 
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The monitoring of greenhouse gases (GHG) atmospheric concentration is of pivotal importance to 

trace the effectiveness of any control strategies that are in place in response to international 

agreements (e.g., Montreal Protocol, Paris Agreement) for the mitigation of GHG emissions. 

Anthropogenic halogenated GHG are actively monitored at global scale by few research networks, 

covering only partially the potential emitting regions. In Europe, the AGAGE [1] network and the 

EU affiliated stations [2] have a good sensitivity over the main continent with a lack of sensitivity 

over the southern EU and the Mediterranean basin. To fill this gap, since 2024 high frequency 

measurements of F-gas have been performed at Capo Granitola (CGR) CNR-IAS GAW station in 

Sicily in the framework of the PARIS (Process Attribution of Regional Emissions) Horizon Europe 

project. Moreover, the geographical position of the CGR station allows tracking emissions from 

several unexplored MP Article-5 countries of North Africa, for which there is a lack of information. 

Here we present the preliminary results for the main HCFCs and HFCs. 

References 

[1] R. Prinn et. al., 2018, Earth System Science Data, doi.org/10.5194/essd-10-985-2018. 

[2] S. Annadate et. al., 2025, Environmental Sciences Europe, doi.org/10.1186/s12302-025-01081-1 

 

 

 

 

 

 

 



  

 
 

XXII Congresso Nazionale della Divisione di Chimica dell'Ambiente e dei Beni Culturali 
Palermo, 16-19 Giugno 2026 

ORAL 

 

MONITORING CULTURAL HERITAGE CONSERVATION ENVIRONMENTS: A CASE 

STUDY AT THE ‘COLLEZIONI DI STUDIO’ MUSEUM REPOSITORY 

F. Tornari1*, A. Minnella1, S. P. M. Trasatti1, F. Cappitelli2, F. Troiano2 and M. Cappellina3  

1Department of Environmental Science and Policy (ESP), University of Milan, Italy 

2Department of Food, Environmental and Nutritional Sciences (DeFENS), University of Milan, Italy 

3Museo Nazionale Scienza e Tecnologia Leonardo da Vinci, Milan, Italy 

* francesca.tornari@unimi 

In the fast-moving climate change landscape, museums' mission to ensure long-term conservation 

and continued access to cultural heritage appears increasingly at risk. Most museums preserve more 

than half of their collections in storage rooms [1], fundamental but often disregarded environments, 

facing challenges in terms of preventive conservation. Repositories’ objects are characterized by 

multi-materiality resulting in complex management choices, from preventive to conservation 

measures, for which defining new protocols is essential. This project aims to develop an in-depth 

multidisciplinary case study on scientific instruments collections preserved in the repository 

“Collezioni di Studio” of Museo Nazionale Scienza e Tecnologia Leonardo da Vinci, Milan. It focuses 

on a one-year environmental monitoring campaign structured on the acquisition of microclimatic data 

and the concentration and distribution of abiotic and biotic pollutants, respectively obtained by 

dataloggers and aerobiological analysis. A chemical, physical and microbiological environmental risk 

model is defined by comparing the atmospheric parameters from previous years to date [2]. 

Environmental investigations include seasonal air flows analysis for the purpose of verifying the 

contaminants' deposition rate on multi-material collections, among which metal is the most common 

material. The assessment of the onset of alterations on metal objects due to environmental exposure 

is carried out by placing carbon steel control samples monitored over time, with no degradation 

evidence one year on. Biodeterioration dynamics on multi-material objects are evaluated through 

non-invasive surface microbiological investigations, with the aim of identifying microbial presence 

and activity. The study points out that structural and functional characteristics of depot’s area impact 

on both thermo-hygrometric and PM2.5 and VOC parameters, highlighting unstable environmental 

baselines. The study is framed within the wider context of the ecological transition, addressing the 

emerging challenges and responsibilities that contemporary conservation practices must navigate in 

response to dynamic environmental conditions. 

References 

[1] ICOM, Working Group on Collections in Storage, Paris, 2024, Museum Storage around the World. 

[2] E., Schito, D. Testi, 2017. Integrated maps of risk assessment and minimization of multiple risks 

for artworks in museum environments based on microclimate control. Building and Environment, 

123, 585–600. https://doi.org/10.1016/j.buildenv.2017.07.039 

https://doi.org/10.1016/j.buildenv.2017.07.039


  

 
 

XXII Congresso Nazionale della Divisione di Chimica dell'Ambiente e dei Beni Culturali 
Palermo, 16-19 Giugno 2026 

ORAL  

 

PHOTOCHEMICAL PRODUCTION OF CARBON DIOXIDE IN LAKE WATER 

D. Vione1*, L. Carena, Á. Garcia Gil2 and J. Marugán3  

1Department of Chemistry, University of Turin, Via P. Giuria 5, 10125 Torino, Italy 
2Process Design, Repsol Technology Lab, 28935, Móstoles, Madrid, Spain 

3Universidad Rey Juan Carlos, ESCET, C/ Tulipán s/n, 28933 Móstoles, Madrid, Spain 

* davide.vione@unito.it 

 

Organic matter is the pool of diverse organic substances that occur in natural waters. Of these, a major 

fraction is represented by the dissolved compounds that make up the dissolved organic matter or 

DOM. The chromophoric fraction of DOM (CDOM) is able to absorb sunlight, and the process of 

radiation absorption modifies organic matter with production of oxidized derivatives and volatile 

species such as CO and, most notably, CO2. If not offset by opposite processes such as photosynthesis, 

net carbon gains or losses by aquatic environments on a global scale could significantly affect 

planetary equilibria [1]. 

In this work we assessed the photochemical generation of CO2 by lake water on a very wide 

geographic scale (60°S - 60°N latitude). To do so, we used global databases of lakes that provide 

information about geographical location, depth, surface area, and the dissolved organic carbon (DOC) 

[2]. The location defines the latitude and, as a consequence, the yearly irradiance of sunlight incident 

on the water surface, while depth and surface area define the volume of the lake that acts as carbon 

reservoir and is exposed to sunlight [3]. 

Our results show that the photochemical generation of CO2 by lake water per unit surface area is 

maximum in the tropical belt, where the yearly irradiance is also maximum. However, the most 

numerous and largest lakes are located at Nordic latitudes out of the tropical belt, and they account 

for the majority of CO2 production. About 50% of the total photochemical generation of CO2 (31010 

gC day−1) is accounted for by seven very large lakes (Caspian Sea, Baikal, Superior, Michigan, Huron, 

Erie, Malawi), all located at 30°N – 60°N latitude except for Lake Malawi. Therefore, the net effect 

of photochemical reactions in these seven lakes compared to, e.g., respiration and photosynthesis and 

their possible imbalances are critical for the net fluxes of CO2. 
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Soil pollution represents one of the most pervasive and underestimated environmental threats in 

Europe, with significant implications for ecosystems, water and groundwater resources and human 

health. Although the most recognized cause of soil contamination is point-source pollution, diffuse 

contamination, which arises from multiple, low-intensity and spatially distributed anthropogenic 

activities, has become increasingly dominant, often blurring the distinction between natural 

background levels and human-induced concentrations. 

The recent EU Soil Monitoring and Resilience Directive [1], calls on Member States to adopt a risk-

based approach capable of addressing both potentially contaminated sites (PCSs) and diffuse 

contamination at regional scale, to ensure that they do not pose significant risk to human health and 

the environment.  

This study proposes an integrated GIS-based regional risk assessment framework that translates the 

traditional source-pathway-receptor model, typically applied on site specific risk assessments, into a 

spatial explicit framework. Implementing existing methodologies [2], [3], the approach allows and 

combines: (i) the prioritisation of PCSs based on relative risk scores; and (ii) the spatial identification 

of diffuse contamination hotspots. The input data for hazard evaluation are derived: (i) from 

anthropogenic activity classification and the correlated potentially toxic elements for PCSs; and from 

(ii) measured contaminant concentrations compared to legislative threshold values in the case of 

diffuse contamination.  

The framework enables the identification of areas where contamination is not only present (or 

potentially present, in the case of PCSs), but also likely to exert an impact on the selected targets. 

Application to a case study in the Toulouse metropolitan area (France) showed that it identifies high-

priority areas located close to major PCSs clusters, revealing environmental pathways for 

contaminants dispersion that can affect the most sensitive receptors. As a result, risk patterns are 

better defined and the prioritisation of interventions more realistic and targeted.   

Moreover, implementation within a GIS ModelBuilder environment ensures full reproducibility, 

scalability, and transferability. The proposed methodology provides a practical decision-support tool 

for environmental authorities, contributing to the implementation of EU soil policies and supporting 

risk-based land management strategies, even under conditions of limited data and complex - although 

simplified - environmental dynamics. 
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Decarbonisation planning requires the systematic integration of greenhouse gas (GHG) accounting, 

territorial parameters, technological choices, public acceptance, institutional capacity, and financial 

feasibility. Island contexts are especially vulnerable to climate change. This provides a clear strategic 

context for observing and addressing decarbonisation challenges. The CO2 PACMAN project 

addresses this complexity through the development of a methodological toolkit for climate neutrality 

scenarios, tested in the Mediterranean islands of Elba, Brač, and Crete. The toolkit combines IPCC-

based GHG balances, landscape analysis, engagement of local stakeholders through participatory labs 

and educational activities, open innovation actions, and financing guidance into a single decision-

support framework. The analytical core of the framework is based on GHG balances developed 

according to the 2006 IPCC Guidelines and the 2019 Refinement, providing a robust baseline for 

identifying emission hotspots and evaluating mitigation options across energy, transport, waste, and 

agriculture. These data are then translated into the interactive CO2 PACMAN Tool, where emissions 

are visualised as an “equivalent forest”, i.e. the forest area required to absorb a certain amount of 

emitted CO2eq. This representation makes technically rigorous inventories more understandable for 

non-expert users and supports evidence-based co-designing scenarios among scientists, public 

authorities, citizens, and local stakeholders. Public acceptance is a prerequisite for the successful 

implementation of decarbonisation strategies, as renewable energy projects frequently encounter 

resistance at a local level and are subject to Not In My Backyard (NIMBY) dynamics (Nieminen et 

Laitinen, 2025). In order to address this issue, the toolkit combines a survey, which captures citizens’ 

perceptions, priorities, and willingness to change, with landscape scenarios, design prototyping, and 

virtual reality visualisation. This enables stakeholders to explore the spatial and perceptual 

implications of renewable technologies before implementation and thus supports more informed and 

inclusive decision-making. Overall, the CO2 PACMAN toolkit shows that effective decarbonisation 

planning becomes more feasible when GHG accounting, territorial analysis, youth education, 

innovation, social acceptance, and finance are perceived as interconnected dimensions of the same 

transition process. 

References 

[1] Intergovernmental Panel on Climate Change. (2006). 2006 IPCC guidelines for national 

greenhouse gas inventories. 



  

 
 

XXII Congresso Nazionale della Divisione di Chimica dell'Ambiente e dei Beni Culturali 
Palermo, 16-19 Giugno 2026 

[2] Intergovernmental Panel on Climate Change. (2019). 2019 refinement to the 2006 IPCC 

guidelines for national greenhouse gas inventories. https://www.ipcc.ch/report/2019-refinement-to-

the-2006-ipcc-guidelines-for-national-greenhouse-gas-inventories/  

[3] Sanchez Nieminen, G., & Laitinen, E. (2025). Understanding local opposition to renewable energy 

projects in the Nordic countries: A systematic literature review. Energy Research & Social Science, 

122, 103995. https://doi.org/10.1016/j.erss.2025.103995. 

  



  

 
 

XXII Congresso Nazionale della Divisione di Chimica dell'Ambiente e dei Beni Culturali 
Palermo, 16-19 Giugno 2026 

ORAL  

 

AN INTEGRATED MODELLING AND MONITORING STUDY ON THE SOURCES, 

PATHWAYS, AND ENVIRONMENTAL FATE OF ACTIVE PHARMACEUTICAL 

INGREDIENTS IN THE NORTHERN ADRIATIC SEA 

L. Calgaro1*, E. Giubilato1, A. Bonetto1, P. P. Guolo1, L. Pagnin1, M. Negrisolo1, E. Semenzin1, A. 

Marcomini1  

1 Department of Environmental Sciences, Informatics and Statistics, Ca' Foscari University of 

Venice, Via Torino 155, 30172 Mestre-Venezia (Italy). 

* loris.calgaro@unive.it 

Chemical contamination by active pharmaceutical ingredients (APIs) has become a global 

environmental concern, as these compounds evade conventional treatment and persist at low 

concentrations, affecting aquatic ecosystems and potentially human health. Their behavior in coastal 

systems—especially semi-enclosed basins like the Northern Adriatic—remains poorly understood 

despite high anthropogenic pressure and continuous inputs from rivers and wastewater. 

This study quantified key APIs—Trimethoprim (TRI), Clindamycin (CLI), Ofloxacin (OFL), and 

Venlafaxine (VEN)—in water and sediments by integrating high-resolution modelling with seasonal 

monitoring. API emissions were estimated using regional consumption data, accounting for human 

and veterinary use and removal efficiencies [1]. Water quality simulations were performed with the 

ChemicalDrift model [2], forced with hydrodynamic fields from SHYFEM [3] and CMEMS. Four 

seasonal sampling campaigns provided data for quantitative UHPLC–MS/MS analysis. 

TRI exhibited the highest annual load, followed by CLI, VEN, and OFL. The Po River accounted for 

over 60% of total inputs, with additional contributions from the Adige, Gorzone, Bacchiglione, and 

Reno rivers, reflecting regional differences in population density and livestock distribution. 

Model results revealed strong temporal variability in water concentrations, with pronounced 

nearshore peaks and low open-sea background levels. CLI concentrations reached up to 2000 pg·L⁻¹, 

while TRI and VEN typically remained around 100 pg·L⁻¹, and OFL stayed mostly below 2 pg·L⁻¹. 

Notable sediment accumulation was found for VEN and TRI, while SUL, CLI and OFL were 

predicted to remain largely in the dissolved phase. Spatial patterns consistently showed the highest 

concentrations near river deltas and wastewater discharge zones, confirming the dominant influence 

of land-based sources, while offshore waters and sediments displayed low contamination levels. 

Overall, this work highlights the persistence, variability, and spatial heterogeneity of pharmaceutical 

contamination in the Northern Adriatic and demonstrates how integrating modelling and monitoring 

can support the development of effective strategies for controlling API emissions. 
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Nitrogen dioxide (NO2) is emitted as a primary pollutant through combustion processes, with road 

traffic being the most prominent source in urban areas [1]. Exposure to high concentrations of NO₂ 

has been linked to an increase of respiratory symptoms and development of chronic respiratory 

diseases, such as asthma, respiratory symptoms and an increase in respiratory and cardiovascular 

mortality [2]. While monitoring of atmospheric pollutants is generally carried out by reference stations 

spread across the territory, in recent years there has been a rise in the use of low-cost devices. In the 

context of the F.AIR (Fragile AIR Unfair Health) project, a low-cost NO2 sensor (MiCS-2714, SGX 

Sensortech) was tested and calibrated inside an exposure chamber against reference instrumentation 

(AC32M, ENVEA). The sensor response was evaluated in a controlled atmosphere in relation to 

precise increases in NO₂ concentration. The sensor’s voltage readings (V) generally showed good 

correlation (R² > 0.8) with the reference sensor, exhibiting in some cases a quadratic correlation. 

Furthermore, we observed how the sensor performed inconsistently across different phases of the 

tests, such as steady, increasing and decreasing NO2 concentrations. Simple calibration against the 

reference sensor data resulted in an 

excellent correction of the data (R² 

> 0.9). To assess the effect of 

environmental conditions on 

sensor performance, temperature 

and relative humidity cycles were 

carried out at a constant NO2 

concentration. Voltage readings 

from the MiCS-2714 sensor were 

strongly influenced by temperature 

fluctuations within the chamber, 

showing a negative correlation. 

These results highlight the 

significant limitations of the low-

cost sensor and the challenges for its use in environmental applications, pointing to the need for site-

specific calibration. 
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Halocarbons play an important role in climate change, their radiative forcing (RF) being about 0.41 

W m-2, c.a. 20% of that due to CO2. A widely used metric to describe the greenhouse capacity of a 

gas is the radiative efficiency (RE), whose determination requires, in addition to an atmospheric 

irradiance profile, the infrared (IR) spectrum of the species of interest. For weak absorbers at very 

low concentrations, like halocarbons, the so-called Pinnock Curve (PC) [1] describes the change in 

irradiance at the tropopause caused by a given absorber. This curve can be applied directly to IR 

absorption cross sections to evaluate RE without the need for a radiative transfer code.  

In this contribution, the PC is first revised by feeding the Reading narrow band model with updated 

spectroscopic parameters from the HITRAN2020 database and the MT_CKD_4.3 water vapor 

continuum formulation [2]. The updated PC is then employed to evaluate improved REs for a set of 

30 halocarbons with a particular focus on the low-frequency (< 500 cm-1) contribution where 

experimental measurements are scarce. Here, IR absorption cross section spectra are evaluated using 

a quantum chemical (QC) protocol including non-empirical anharmonicity and accounting for 

conformer distribution [3]. While revisions to MT_CKD water vapor continuum decrease 

atmospheric opacity, this is counteracted by updates to the H2O, CO2, and O3 spectroscopic 

parameters. These compensatory effects limit the overall changes in the PC, which in turn result in a 

small increase in halocarbon REs. For the targeted halocarbons, the average low-frequency 

contribution amounts to 0.9% of the total RE but reaches about 3% for HFC-152a and HFC-161. 

Despite the modest magnitude of the RE due to 0-500 cm-1 IR absorptions, accurate treatment of this 

spectral range is essential, as its impact is molecule-dependent and even small contributions can 

influence climate metrics.  
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Perfluoroalkyl substances (PFAS), including carboxylic and sulfonic acids, are highly persistent and 

bioaccumulative environmental contaminants that are detected, together with their precursors, in the 

atmosphere, both in the gaseous and particulate phases, even far from their sources. The role and 

importance of precursors as indirect sources of PFAS remain highly uncertain. 33 PFAS were 

determined in PM10 samples collected at the EMEP rural regional background site of Monte Martano 

(central Italy, 42°48′19″N, 12°33′55″E, 1100 m above sea level) during the period 2018-2021. The 

site has low background concentrations and is therefore particularly suitable for studying the long-

range transport of pollutants [2]. After pretreatment [3], the samples were quantified by LC-Q-

Orbitrap [1, 3]. A wide range of complementary measurements (meteo, gas, aerosol), typically 

acquired on site, were used to discuss the results. The total PFAS concentrations measured over the 

four-year period 2018-2021 ranged from 0.1 to 5 pg m-3. The most frequently detected compound 

was perfluorooctane sulfonate (PFOS). The multi-year seasonal trend shows a marked increase in 

PFOS and PFOA in late spring and early summer. In 2020, a dramatic decline in PFAS concentrations 

was observed at the receptor site. Seasonal trends and the presence of PFOS and PFOA, medium- to 

long-chain compounds that have long been banned from production in Europe, suggest an active role 

for precursors in the gas phase, currently produced by the fluorinated materials industry, such as short-

chain PFAS and ethelomeric alcohols.  
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Heavy metal contamination represents a major global threat to water quality, with cadmium (Cd) 

being among the most hazardous pollutants due to its toxicity and persistence. In this context, the 

development of advanced materials for water remediation is of increasing interest within 

environmental chemistry. Herein, we report the synthesis, characterization, and performance 

evaluation of a novel iron(II)-based Metal–Organic Framework (FeMOF) constructed using the 

H₂trz₂An ligand (3,6-N-ditriazolyl-2,5-dihydroxy-1,4-benzoquinone) [1]. The material was 

synthesized via a one-pot procedure under hydrothermal conditions and characterized by single-

crystal and powder X-ray diffraction (SCXRD, PXRD) and thermogravimetric analysis (TGA). 

Structural analysis revealed a microporous framework with two-dimensional porosity and a 

maximum pore diameter of 3.8 Å. The Cd(II) removal performance of FeMOF was systematically 

investigated through batch experiments, varying the pH (4–8), initial metal concentration (10–2000 

mg/L), and contact time (10-960 min). The material exhibited high removal efficiency across the 

tested pH range, with optimal performance observed at pH 4. High removal capacities were observed, 

reaching up to 381.9 mg/g at high initial concentrations (C₀ = 2000 mg/L). Kinetic studies indicated 

that equilibrium was reached within 4 hours. Inductively Coupled Plasma Optical Emission 

Spectroscopy (ICP-OES) analyses, combined with PXRD data collected before and after adsorption 

tests, suggest that the removal process is predominantly governed by an ion-exchange mechanism, 

potentially influenced by concentration-dependent effects. Regeneration tests were carried out using 

different eluents (NaCl, EDTA, sodium citrate, and FeCl₂ aqueous solutions), highlighting the 

potential reusability of the material, although the efficiency depends on the regeneration strategy. 

Ongoing studies are focused on evaluating the effect of competing ions, particularly Zn(II) and Pb(II), 

to assess the applicability of FeMOF in complex environmental matrices. These results highlight the 

potential of FeMOF as an effective and robust material for cadmium removal from contaminated 

water, contributing to the development of advanced solutions for environmental remediation.  
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The widespread occurrence of emerging contaminants (ECs) [1] in aquatic systems represents a major 

global concern. Their continuous release, persistence, and biological activity pose significant risks to 

ecosystems and human health. Even at trace levels (from ng to μg L⁻¹), these compounds may induce 

chronic toxicity, endocrine disruption, and antibiotic resistance, highlighting the urgent need for 

efficient and sustainable remediation strategies. 

In this context, melanins have emerged as promising bioinspired materials due to their strong affinity 

for a wide range of pollutants.[2] Here, two synthetic melanin-based adsorbents were developed: 

DHN-melanin, obtained via the oxidative polymerization of 1,8-dihydroxynaphthalene, and DA-

melanin, derived from dopamine. Both materials, fully characterized by FT-IR, Raman spectroscopy, 

XRPD, SEM, TEM, and zeta potential measurements, were tested in batch adsorption experiments  

under environmentally relevant conditions, demonstrating  high adsorption efficiency toward 

fluoroquinolones, steroid hormones, benzodiazepines, and glucocorticoids. HPLC was chosen for the 

quantification of these analytes, coupled with MS/MS [3] or fluorescence detection. To improve 

recovery and reuse, melanins were further engineered by growing them onto iron oxide nanoparticles 

and by in situ growth on nylon filters; the latter were successfully applied in filtration systems, 

demonstrating suitability for continuous-flow treatments. Both melanin-based adsorbents showed 

rapid and efficient removal, with DHN-melanin outperforming DA-melanin; both experimental and 

computational mechanistic investigations suggest different adsorption process. In addition, 

ecotoxicity tests on Daphnia magna indicated preliminary environmental compatibility. 

Overall, these findings demonstrate that both DHN- and DA-melanin are effective and sustainable 

adsorbents for removing chemically diverse EC mixtures, with DHN-melanin emerging as the most 

promising candidate. Their strong performance in both batch-dispersive and filtration-supported 

configurations, combined with improved recoverability and reusability through nanostructuring and 

filter integration, along with encouraging ecotoxicological results, highlights their potential for next-

generation water treatment technologies. 
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The use of tires crumb rubber as flooring material in playground and sports field is a common practice 

but it might expose human beings and environment to the risk of contact with potentially dangerous 

substances leaked from the rubber due to weathering.1,2 

In this work we study the degradation of rubber pellets used as filler in a playground rubber surface. 

Under environmental-like conditions we evaluate the releasing of compounds in water both in the 

dark or under irradiation. In addition to the characterization of the released compounds, we quantify 

the production of nanoplastics which are released upon rubber pellets (photo)degradation.  

The analyses of the aqueous media are performed combining different techniques: Ion 

Chromatography (IC) for the quantifications of ions, Ultra High Performance Liquid 

Chromatography (UHPLC) coupled with an Orbitrap analyzer (High-Resolution Tandem Mass 

Spectrometry – HRMS/MS) for the characterization of the released compounds, a TOC (Total 

Organic Carbon) analyzer and a Nanoparticle Track Analyzer (NTA) to measure number and size of 

nanoplastics. 

The results showed an increase of the TOC in aqueous medium after the rubber pellets were irradiated. 

This complex mixture of organic compounds is most likely consists of rubber additives or polymer 

chain fragments that are released when the rubber degrades. A similar trend was also observed for 

nanoplastic formation in solution, with a significant increase of nanoplastic concentration throughout 

the irradiation process. This indicates that rubber pellets contribute to the release of both organic 

compounds and nanoplastics into the environment upon degradation. 

In conclusion, this work contributes to better assess the impact of rubber surfacing on environment. 

Overall, the role of tires as pollution source must be considered not only during production, use3 and 

traditional disposal, but also in their reuse as outdoor surfacing material. 
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Rare Earth Elements (REEs) are a group of elements with unique physical and chemical properties. 

Their importance grew in recent years, becoming essential as industrial materials, particularly in 

electronics and in technologies involved in the transition to a low-carbon technology. 

As a result, REEs content in urban environments increased substantially in the last decades, and REEs 

are now regarded as Contaminants of Emerging Concern due to their potential human and ecological 

risks. In urban areas, REEs can have diverse sources and one major sink, namely soil. This, in turn, 

may become a source of REEs for plants and soil microorganisms, as well as for other environmental 

compartments, having significant consequences for soil and possibly human health [1]. 

In this scenario, we studied the properties of REEs in urban soils in Piedmont, considering their 

mobility, ecotoxicity and the potential transfer to other environmental compartments.  

Concerning urban soils, REEs concentrations do not indicate possible contamination in all the urban 

contexts examined (city parks, areas strongly influenced by vehicular traffic, in the vicinity of 

recovery centers for waste from electrical and electronic equipment, and industrial areas). However, 

it is noted that higher concentrations of Eu and Tb have been recorded in some urban areas particularly 

characterized by anthropic activities, such as metalworking plants, which may have contributed to 

the spread of these metals.  

Fractionation and bioaccessibility studies have shown that all REEs are predominantly present in the 

most inert fraction, proving their low mobility and limited bioavailability, resulting in minimal 

transfer to plants and other environmental compartments, suggesting a relatively low ecological and 

human health risk under the conditions examined. In these sites, however, preliminary investigations 

highlighted the presence of relevant contents of Potentially Toxic Elements (PTEs), that could pose 

significative risks and, also, mask REEs impact on soil ecotoxicity. 

In view of the interaction discovered between REEs and PTEs and the possible transfer of REEs into 

the atmosphere through resuspension of urban dust, continued research and collaboration appear as 

crucial for addressing challenges posed by emerging contaminants like REEs and safeguarding 

environmental and human health in urban areas. 

This research was funded from the EUREECA project (PRIN 2022 - 2022Y4J7AN). 

 



  

 
 

XXII Congresso Nazionale della Divisione di Chimica dell'Ambiente e dei Beni Culturali 
Palermo, 16-19 Giugno 2026 

References 

[1] P.G. Ribeiro, C. de Oliveira, et al., 2024, Current Pollution Reports, 

https://doi.org/10.1007/s40726-024-00312-y. 

  



  

 
 

XXII Congresso Nazionale della Divisione di Chimica dell'Ambiente e dei Beni Culturali 
Palermo, 16-19 Giugno 2026 

ORAL  

 

GRAPE STALK-DERIVED STEAM-ACTIVATED HYDROCHAR: SYNTHESIS, 

CHARACTERIZATION AND APPLICATION AS A SUSTAINABLE ADSORBENT FOR 

WATER TREATMENT 

G. Falco1*, A. Fenti2, S. Galoppo3, A. Travaglino3, L. Zaccariello1, P. Iovino1  

1Department of Environmental, Biological and Pharmaceutical Sciences and Technologies, 

University of Campania “Luigi Vanvitelli”, Via Vivaldi 43, Caserta 81100, Italy                                                                                                  
2Department of Advanced Medical and Surgical Sciences, University of Campania “Luigi 

Vanvitelli”,               P.zza L. Miraglia 2, Naples 80138, Italy                                                                                                     
3Department of Engineering, University of Campania “Luigi Vanvitelli”, Via Roma 29, Aversa 

81031, Italy 

* giovanni.falco@unicampania.it 

 

Water contamination by pharmaceutical micropollutants represents a growing environmental 

concern. Diclofenac (DCF), a widely used nonsteroidal anti-inflammatory drug, is frequently detected 

in surface water and groundwater worldwide due to its high water solubility, poor biodegradability, 

and resistance to conventional wastewater treatment [1]. This work investigates the valorisation of 

grape stalks, a by-product of the winemaking industry, into an effective low-cost adsorbent for DCF 

removal from water through hydrothermal carbonization (HTC) and subsequent steam activation. 

HTC was performed at three temperatures (200, 230, and 260 °C) using a pilot-scale 3 L stainless 

steel reactor, with a water-to-biomass ratio of 10 and a residence time of 4 h. The optimal hydrochar 

(HC-230) was subsequently subjected to steam activation at 900 °C for 15 min. Materials were 

thoroughly characterised by scanning electron microscopy (SEM), transmission electron microscopy 

(TEM), BET surface area analysis, and elemental composition. Batch adsorption experiments were 

conducted at 100 rpm for 24 h at room temperature, with adsorbent dosages ranging from 0.2 to 1.0 

g L⁻¹ and an initial DCF concentration of 5.0 mg L⁻¹.                 

Among the tested HTC conditions, 230 °C yielded the best-performing hydrochar. Steam activation 

dramatically improved adsorption performance, increasing the BET surface area from 49.41 to 728 

m² g⁻¹ and developing a well-organised mesoporous structure, as confirmed by SEM and TEM 

analyses. The steam-activated hydrochar (SA-HC-230) achieved a maximum DCF removal efficiency 

of 99.2% and an adsorption capacity of 25.19 mg g⁻¹ [2]. Equilibrium data were best described by the 

Langmuir isotherm, while kinetics followed the pseudo-second-order model, suggesting 

chemisorption as the dominant mechanism [3]. 
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Some plant species have a greater ability than others to absorb and tolerate potentially toxic metals, 

making them especially important for studying contamination and phytoremediation processes. 

Among these, the aquatic macrophyte Phragmites australis is a common wetland plant known for its 

high adaptability, rapid growth, and significant capacity to uptake and translocate metals within its 

tissues [1, 2]. 

The Paglia River in central Italy serves as a significant study area because of its long history of 

contamination related to cinnabar (HgS) mining in the Monte Amiata region, which has led to high 

levels of mercury and other toxic metals in water and sediments [3]. 

In this study, water, sediment, rhizosphere soil, and Phragmites australis samples were collected from 

five sites along a river transect (Radicofani, Ponte a Rigo, Proceno, Acquapendente, and Orvieto) to 

examine spatial differences in contamination and plant response. Different plant organs (roots, 

rhizomes, stems, leaves, and flowers) were processed, mineralized, and analyzed to evaluate metal 

uptake and translocation. Elemental concentrations were measured using inductively coupled plasma 

tandem mass spectrometry (ICP-MS/MS), enabling accurate quantification of over 25 trace and ultra-

trace metals in all sampled matrices. 

The results show that Phragmites australis effectively absorbs metals from both sediments and water. 

In fact, all analyzed plant tissues contained measurable concentrations of multiple toxic metals, with 

significant differences in observed translocation. Spatial variability in metal concentrations was 

observed along the river, with higher contamination levels near specific sites. Mercury concentrations 

frequently exceeded toxicity thresholds, confirming ongoing environmental contamination. 
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Developing highly porous activated carbons (ACs) has become a major research focus due to their 

outstanding performance in cutting-edge fields like water purification, carbon capture, and hydrogen 

storage. Depending on the application, it is advisable to select a material with the appropriate porous 

structure. For liquid-phase applications, the mesoporous fraction (pores ranging between 20 and 500 

Å in size) becomes relevant. ACs are typically produced by mixing the precursor with an activating 

agent, generally a base such as KOH. Subsequently, a high-temperature treatment (800 °C) under an 

inert gas flow (N2) [1] allows for the formation of the carbonaceous structure. The work presented 

here focuses on the production of activated carbons starting from recycled polyethylene terephthalate 

(PET) from plastic bottles. ACs were produced by adding the activating agent (KOH) to the precursor 

(PET) in different PET:KOH ratios (1:0.5, 1:1 and 1:2)  to explore how the porous structure is 

influenced by the amount of activator. 

 
Figure 1. Textural properties obtained from N2 physisorption analysis at 77 K (left) and pore size distribution (inset) obtained via HS-

2D-NLDFT. Table (right) reporting adsorption capacities for different organic aromatic compounds. 

 

Figure 1 reports the data regarding the N₂ physisorption measurements at 77 K. Furthermore, data 

related to the aqueous phase capture tests for polycyclic aromatic hydrocarbons (PAHs) and PCBs 

(polychlorinated biphenyls) are also shown. The ACs were placed in contact with aqueous solutions 

of PAHs (9 ng/L) and PCBs (0.101 ng/L) for 24 hours. 

It can be observed that an increase in the amount of KOH leads to a gradual increase in the surface 

area, equal to 995, 1060, and 1090 m²/g for C-PET-1:0.5, C-PET-1:1, and C-PET-1:2, respectively. 

However, the highest total pore volume was observed for the AC-1:1 sample at 1.49 cc/g, compared 

to 0.99 and 1.07 cc/g for C-PET-1:0.5 and C-PET-1:2, respectively. From the table reported in Figure 
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1, it can be seen that all the ACs exhibit a very high adsorption capacity for all the tested aromatic 

compounds. Aside from C-PET-1:2 and C-PET-1:1 for naphthalene, an adsorption capacity greater 

than 95% was observed for the compounds phenanthrene, pyrene, PCB11, PCB28, and PCB118. 
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Per- and polyfluoroalkyl substances (PFAS) are persistent contaminants of growing concern due to 

their environmental ubiquity, bioaccumulation potential, and adverse health effects [1]. Human 

exposure occurs primarily through contaminated food and drinking water [2]. 

This study investigated PFAS occurrence in wines produced in the Veneto region (Northern Italy), 

over an area affected by widespread groundwater contamination, and where grapevines represent a 

common agricultural cultivar. The objectives were to (i) quantify PFAS in wines from contaminated 

and non-contaminated areas, (ii) assess whether PFAS profiles in wine reflect environmental 

contamination patterns, (iii) evaluate potential human exposure through wine consumption. 

In the first part of the work [1], a set of PFAS were analyzed in 76 wine samples (harvest year: 2017-

2023) by LC-MS/MS. Analytes detected essentially encompassed perfluorocarboxylic and 

perfluorosulfonic acids. Total PFAS concentrations ranged between 0.01 and 21 µg/L (median: 0.2 

µg/L), with significantly higher levels in wines from contaminated areas. PFAS profiles were 

dominated by short-chain compounds, especially PFBA, differently from contaminated ground- and 

surface waters. A clear positive relationship was identified between PFBA concentrations in wine and 

in groundwater for vineyards located close to the aquifer, indicating a localized transfer linked to 

proximity to the contamination source. The comparison of the PFAS profiles in wine and groundwater 

highlighted a chain length-based accumulation in the grapes. Estimations of the dietary intake of 

PFAS through wine ingestion via application of Tolerable Weekly Intake values (TWI) and Reference 

doses (RfD) indicate that wine may act as a non-negligible PFAS exposure source under high-

consumption scenarios.  

Ongoing investigations are being conducted to analyze trifluoroacetic acid (TFA) in the same wines. 

All together, these results suggest that wine may act as a site-specific indicator of PFAS contamination 

in groundwater and point to its role as a secondary, but potentially relevant, pathway contributing to 

cumulative human exposure in highly impacted areas [3]. 
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The RisPA Center is the result of a collaboration between the Department of Science and 

Technological Innovation (DISIT) of the University of Eastern Piedmont and the Syensqo company, 

with the scope of creating a Joint-Lab dedicated to research and development (R&D) of advanced 

and sustainable solutions for environmental 

remediation and protection.  

With a five-year agreement signed on 

February 9, 2024, the Center represents a 

concrete model of integration between 

academia and industry, in an open 

collaborative model, with the aim of: 

- developing new technologies applicable 

to real-world contexts; 

- accelerating the technology transfer of 

research results; 

- contributing to environmental sustainability through scalable solutions. 

 

The activities are supported by: 

- new laboratories and research spaces; 

- advanced scientific instrumentation managed by dedicated technologists; 

- multidisciplinary teams composed of academic and industrial researchers, technicians, and 

young talents. 

The Center also provides an advanced training environment for undergraduate and graduate students, 

doctoral students, and young researchers, with access to cutting-edge technologies. 

The RisPA Center develops activities in several complementary areas: 
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- Development of polymers, carbons, and advanced porous materials for the removal of 

contaminants; 

- Development of phytoremediation technologies; 

- Use of computational modeling assisted by AI and machine learning for advanced 

simulations; 

- Analysis of environmental and economic impacts throughout the entire life cycle. 
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Hydrotalcite-type layered compounds (HTs) intercalated with chloride or carbonate anions were 

evaluated as anion exchange sorbents for the removal of arsenate species from contaminated water 

under environmentally-compatible conditions.[1] The solids, characterised by compositions 

corresponding to x = 0.38-0.39 (Mg/Al ratios of 1.6-1.5), named HT-Cl 038 and HT-Cl 039, exhibit 

the typical structure of hydrotalcites, as confirmed by X-ray powder diffraction. FE-SEM imaging 

revealed a well-defined platelet morphology for HT-Cl 038, while HT-Cl 039 presents a sand rose-

like architecture. EDX and ED-XRF analyses verified homogeneous Mg-Al-Cl compositions, with 

elemental ratios closely matching the targeted HT stoichiometries. Composite materials obtained by 

growing HT phases directly on amorphous silica particles (SiO₂/HT-Cl, SiO₂/HT-CO₃) were also 

tested due to enhanced mechanical stability and applicability in packed-bed column systems. Batch 

adsorption tests were carried out at ambient temperature and pressure, neutral pH and low sorbent 

dose (2 g/L), using both simulated arsenic contaminated water (30 ppb) and real groundwater supplied 

by a local water authority in Italy (~15 ppb). ICP-MS analyses showed a remarkably fast and efficient 

arsenate uptake by all material tested, with a removal of >88-93% of As within 30 min and up to >95–

99% after 24 h in simulated water, with similarly high efficiencies observed for real samples, 

effectively reducing the [As] well below the recommended safety thresholds in Italy (10 ppb). Silica 

supported hydrotalcites also performed efficiently, showing rapid arsenate removal and offering the 

additional advantage of improved handling and use in continuous flow systems. The results 

demonstrated that these HT materials are quite effective and low energy sorbents for arsenate 

remediation under very mild and cheap conditions, with strong potential for deployment in 

decentralised water treatment systems. 
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In this study we evaluated the performance of homogeneous UV-based advanced reduction processes 

(ARPs) and advanced oxidation processes (AOPs), applied individually and in sequential treatment 

trains as an unexplored approach for the degradation of aqueous contaminants (included a PFAS). 

UVC/SO3
2- and UVC/SO3

2-/I- were the reference ARPs [1], while UVC/H2O2 was used as the 

reference AOP. [2] A mixture of perfluorooctanoic acid (PFOA), ibuprofen and benzoic acid (1 – 100 

µM concentration) was used in all experiments to investigate the degradation kinetics of not only a 

model perfluoroalkyl substance (PFAS), but also of non-PFAS pollutants. UVC/ SO3
2- achieved 

>70% defluorination of 100 μM PFOA after 24 h of irradiation, while nearly complete defluorination 

was obtained with UVC/ SO3
2-/I- in the same period. In both cases, the presence of humic acids, NO3

- 

and NO2
- (well-known hydrated electron scavengers) drastically reduced process efficiency. A 

UVC/H2O2 pre-treatment was proposed to decrease the humic acid concentration and enhance the 

subsequent ARP, resulting in faster defluorination rates when applying the AOP→ARP treatment train 

compared to the ARP alone (65% and 5% in 2 h, respectively). The inverse configuration 

(ARP→AOP) was also interested, this approach allowed not only the elimination of NO3
- and NO2

- 

(the latter is also a strong hydroxyl radical scavenger), but also achieved PFOA mineralization. 

Finally, the studied processes were applied to a simulated retentate wastewater, exhibiting good 

treatment efficiencies, which were consistent with preliminary results. This work is among the first 

performing such thorough analysis, offering valuable information about PFAS and non-PFAS 

pollutant degradation, especially towards concentrated stream wastewater treatment. 
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Per- and polyfluoroalkyl acids (PFAS) are xenobiotic molecules belonging to the family of 

perfluoroalkyl substances (PFCs) and consist of chains of carbon atoms ranging in length from C3 to 

C14. The strong C-F bond makes these molecules particularly resistant to hydrolysis, photolysis, and 

microbial degradation, and therefore particularly recalcitrant. PFAS are characterized by an 

amphiphilic nature that makes them water- and lipid-repellent and by low surface tension: thanks to 

these properties, since the 1950s they have been widely used as emulsifiers and surfactants in various 

products for cleaning carpets, leather, fabrics, floors, food containers, photographic films, and 

firefighting foams. PFAS are endocrine disruptors, difficult to biodegrade and therefore persistent in 

the environment and bioaccumulative. In Veneto, the main source of groundwater contamination is a 

fluorochemical plant that has been producing fluorinated compounds since the 1960s. PFAS have 

chemical and physical characteristics that give them good mobility in aqueous media, which, in the 

case of aquifer contamination, causes a very extensive “plume”: the area affected by pollution is 

currently just over 150 km2. Acque del Chiampo SpA Società Benefit manages the integrated water 

service in some areas affected by contamination. The current Legislative Decree 18/2023 and 

subsequent amendments, implementing Directive (EU) 2020/2184, provides for the verification of 

the parameters “Sum of PFAS” (with a parameter value of 0.10 µg/L), “Sum of 4 PFAS” (with a 

parameter value of 0.02 µg/L) and trifluoroacetic acid (TFA, with a parameter value of 10 µg/L) for 

a total of 31 compounds. The method developed in 2013 and continuously implemented [1], updated 

and currently applied in the Acque del Chiampo laboratory for the determination of PFAS refers to 

the validation and quality control specifications of the ISO 17025 accredited EPA 8327 method and 

involves analysis using the LC-MS/MS technique, using a high-performance liquid chromatograph 

(UHPLC) coupled with a triple quadrupole mass spectrometer. The protocol involves direct injection 

of the sample and, for most fluorinated compounds, allows a LoQ of 2 ng/L to be achieved and an 

extended relative percentage uncertainty (U%) associated with the final result of the individual 

compound to be declared from 35% to 50% in the measurement range 2–200 ng/L. The method 

applied also allows to improve the list of PFAS parameters, based on the detection of a compound in 

untreated water in accordance with the risk assessment and management of supply areas according to 
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the Water Safety Plans (WSP) study carried out by the water operator (Articles 7, 8 of Legislative 

Decree 18/2023 and subsequent amendments and additions).  

 

 

 

Indeed. the full scan acquisition with a high-resolution analyzer also made it possible to determine 

the m/z values of other fluorinated substances present; the potentially identified fluorinated 

substances were then confirmed or ruled out by analyzing a standard solution in terms of retention 

time and mass spectrum. In particular, PFBSA (perfluorobutane sulfonamide) was found in the 

activated carbon samples and subsequently in the groundwater samples, whose precursor ion 

(pseudomolecular ion) [M-H]- (C4F9SO2NH) has a value of m/z = 297.95898; the daughter ion 

(product ion) detected with the highest intensity is the fragment (SO2N) with a value of m/z = 

77.96552. PFBSA is not included in the list of PFAS in Legislative Decree 18/2023 and subsequent 

amendments and additions; therefore, as required by the PSA approach, it has been included in the 

monitoring of groundwater intended for human consumption and in water treated with GAC intended 

for human consumption. 
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Microplastics (MPs), generally defined as plastic particles smaller than 5 mm, are emerging 

contaminants generated either as primary manufactured particles or as secondary fragments from the 

degradation of larger plastic materials. Due to their persistence in the environment, ubiquity, and 

heterogeneous composition, MPs are widely distributed across marine, terrestrial, and atmospheric 

environments. They originate from multiple anthropogenic sources, including packaging materials, 

synthetic textiles, personal care products, industrial activities, wastewater, and the fragmentation of 

consumer plastics. Once released, MPs undergo environmental transport and transformation 

processes, leading to their accumulation in marine ecosystems, where they can be ingested by 

organisms and transferred across trophic levels. In this context, marine organisms represent valuable 

models for assessing environmental contamination. Among them, sea urchins are particularly suitable 

bioindicators due to their ecological relevance, benthic lifestyle, and feeding behavior, which 

promotes the uptake of particulate matter from sediments and the water column. The accumulation 

of microplastics in sea urchin tissues, and specifically in gonads, is of growing interest, as these 

organs are directly linked to reproductive processes and may reflect both environmental exposure and 

potential biological effects. This study aims to explore microplastics in sea urchin gonads by 

developing and optimizing an analytical method suited for a complex biological matrix. The goal is 

to characterize the particles in terms of their presence, morphology, and polymeric chemical identity, 

primarily using Raman microscopy, chosen for its ability to provide non-destructive vibrational 

identification of polymeric particles. Attention is paid to sample preparation, as the removal of 

organic matter and interfering components must be sufficiently effective to allow analysis, but at the 

same time must not alter or degrade the plastic fraction. The project is fully aligned with the European 

and international framework for combating plastic pollution and protecting human health. Within the 

EU, it is relevant to the REACH restriction on synthetic polymeric microparticles introduced by 

Regulation (EU) 2023/2055 and to the objectives of the European framework for reducing 

microplastic pollution. Furthermore, the project aligns with WHO’s growing focus on the potential 

health effects of exposure to microplastics and, in terms of the 2030 Agenda, relates to SDGs 2, 3 and 

14. 
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Highly oxygenated molecules (HOMs), characterized by extremely low volatility and high oxygen 

content, play a key role in new particle formation, secondary organic aerosol growth, and an increase 

in cloud condensation nuclei, thereby influencing atmospheric radiative properties. They can also 

indirectly impact tropospheric ozone formation by being involved in the peroxy radical (RO2) 

chemistry stemming from VOCs oxidation. 

While detected in the atmosphere and produced under laboratory conditions, the detailed autoxidation 

mechanisms leading to HOMs formation remain poorly understood. Following recent experimental 

observations [1], in the present contribution, we propose a gas-phase reaction mechanism for the OH-

initiated autoxidation of isoprene, focusing on RO2 isomerization and HOMs formation pathways, 

explored via quantum chemical calculations. Conformational sampling was performed using the 

CREST software [2], followed by Boltzmann population analysis to identify the dominant 

conformers. Methods rooted in density functional theory were used to characterize the structures and 

the thermal contributions of reactants, intermediates, transition states, and products. Improved 

activation and reaction energies were obtained through the junChS-F12 composite method. [3] The 

resulting potential energy surface shows an exothermic OH-addition step consistent with the literature 

and provides new thermodynamic insights into sequential O2-addition pathways, up to the formation 

of C5H9O7 and C5H9O9 HOMs. Thermochemical data show that 1,6 H-shifted RO2 radicals lead to a 

more complex product distribution regarding the formation of dihydroperoxy carbonyl (C4H8O5), 

challenging previously proposed decomposition mechanisms. Ongoing work focuses on computing 

temperature- and pressure-dependent rate coefficients for unimolecular RO2 H-shift isomerizations 

and reversible O2 additions, in order to quantitatively characterize isoprene autoxidation pathways 

and HOMs formation under atmospheric conditions. 
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Arsenic (As) is a naturally occurring semimetal, being the 20th most abundant element on the earth’s 

crust. Its compounds are mobile in the environment: weathering of rocks converts arsenic minerals to 

its inorganic forms which are released into aquatic ecosystems by dissolution in rain, surface waters 

or groundwaters. Not only biogeochemical processes but also anthropogenic activities may lead to 

the contamination of natural waters. The chemical form of arsenic influences its bioavailability and 

toxicity: inorganic arsenic is more toxic and abundant than organic arsenic, and As(III) is more toxic 

but less abundant than As(V). The main objective of the study was to develop an anodic stripping 

voltammetry method for the determination and speciation of inorganic arsenic in aquatic 

environments. Different analytical methods for inorganic arsenic determination have been developed 

over the last decades, but only the electrochemical one could simultaneously ensure a rapid, sensitive 

and cost-effective detection system. In the present study the use of solid gold electrodes for As(III) 

and total As (As(V) + As(III)) determination by voltammetry was investigated. As(III) was selectively 

determined on a gold electrode at -0,05 V by ASV, after deposition at -0,3 V. The total As content was 

electrochemically reduced at -1,2 V by nascent hydrogen to As0, and then As(V) was evaluated 

indirectly by subtraction. Electrochemical reduction of As(V), instead of chemical reduction, was 

chosen to minimize the consumption of chemical reagents, reduce analysis time and provide a method 

suitable for on-site studies. A standard reference material, NIST 1643f, was analysed to demonstrate 

the accuracy for As(V). Some water samples, originating from various geographical areas around the 

world, were analyzed. The results obtained were in most cases lower than 10 µg L-1 and showed 

satisfactory agreement with those produced by the hydride generation technique coupled with 

inductively coupled plasma atomic emission spectroscopy (HG-ICP-OES). Subsequently, the 

voltammetric determination of arsenic was explored with a portable potentiostat (Palmsens4), using 

the same method previously developed, to evaluate the reliability of the procedure for future on-site 

detection. The results proved that the determination and speciation of inorganic arsenic compounds 

at µg L-1 level in aquatic matrices were achievable with the voltammetric procedure. The technique 

exhibited the ability to yield similar result to the HG-ICP-OES technique but with relatively lower 

costs, shorter analyses times for a limited number of samples and the feasability to perform on-site 

analyses. 
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Heavy metals are among the most hazardous aquatic pollutants due to their non-biodegradable nature 

and tendency to bioaccumulate along the food chain. In this class, lead (Pb²⁺) stands out for its well-

documented neurotoxicity and persistence in biological systems. The development of efficient and 

cost-effective removal strategies is therefore a priority, and the use of agri-food industry by-products 

as adsorbents has proven to be a promising solution, offering both waste valorization and a low-cost 

alternative to conventional water treatment technologies [1,2]. In this context, this contribution 

proposes Prunus dulcis hull (PDH), a widely available and largely unexploited agricultural by-

product, as a sustainable adsorbent for the removal of Pb2+ ions from aqueous solutions.  

The PDH biomass was thoroughly washed, dried and ground into particles of size ranging from 0.1 

to 0.2 mm. Then the adsorbent was characterized through ATR-FT-IR spectroscopy, ISE H+ 

potentiometric titrations, pHpzc, TGA, and SEM-EDX measurements. Kinetic and isotherm 

adsorption experiments in batch were carried out at different experimental conditions (pH, ionic 

medium, and temperature). Furthermore, the effect of some ligands with different binding groups 

(methylamine, acetate, and cysteine) was investigated. Finally, column experiments including 

breakthrough curves and adsorption-desorption experiments were performed to study the efficiency 

in continuous flow and the recyclability of the adsorbent. The adsorption equilibrium was reached 

within 700/750 min. The adsorption kinetics was well described by the pseudo first-order model. The 

adsorption isotherms were well described by Langmuir equation. The highest affinity was found at 

pH = 5.0, I → 0 mol L-1 and T = 284.15 K whilst, the maximum adsorption capacity was found in 

solutions containing cysteine 5 10-3 mol L-1 (qm = 101 mg g-1). The adsorption process was 

spontaneous and exothermic. The magnitude of ΔG0 and ΔH0 suggested a physisorption mechanism. 

Column experiments showed a comparable adsorption behaviour of PDH under equilibrium and non-

equilibrium conditions and a good reuse capacity. Thanks to the easy preparation procedure, PDH is 

a cost-effective adsorbent (€ 1.62 kg-1) and has no impact on the environment. 
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Understanding sorbent performance and the mechanisms governing adsorbent–adsorbate interactions 

requires analytical techniques with high surface sensitivity. Although DC magnetometry is commonly 

employed to characterize the magnetic properties of pristine sorbents for magnetic separation, its 

potential to probe adsorption-induced magnetic perturbations remains underexplored. Based on a 

previous work identifying akaganeite as an efficient arsenic sorbent,[1] this study investigates the 

ability of DC magnetometry to sense interfacial chemical interactions through changes in the 

magnetic response.[2] Akaganeite nanorods were tested in batch experiments for the removal of AsV 

and AsIII from aqueous solutions at varying concentrations and pH. Pristine and spent sorbents were 

characterized using a plethora of techniques with different sensitivity and depth resolution. X-ray 

diffraction and absorption spectroscopy confirmed structural stability upon adsorption, without the 

formation of secondary phases or changes in the Fe local environment. Chemical mapping in 

transmission electron microscopy revealed an As homogeneous distribution, while 57Fe Mössbauer 

spectra showed only minor variations in the electric field gradient. In contrast, DC magnetometry 

exhibited a distinct and selective magnetic response only for AsV-loaded samples (i.e., an additional 

peak in the ZFC curve), with a response linearly correlated with the amount of AsV adsorbed and 

independent on the pH. X-ray photoelectron spectroscopy supported a ligand-exchange mechanism 

between surface –OH groups and arsenate species. The absence of magnetic and XPS changes in 

AsIII-loaded samples suggests weaker arsenious acid-akaganeite interactions. These findings 

demonstrate that DC magnetometry uniquely detects surface spin ordering due to specific chemical 

interactions, enabling both qualitative and quantitative detection of adsorption processes, ideally 

exploitable in different fields, such as water treatment, gas purification, and heterogeneous catalysis. 
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Biochar derived from agricultural residues has been widely investigated as a sustainable material for 

the remediation of contaminated environmental matrices due to its high surface area, alkaline 

character and strong sorption capacity for potentially toxic elements (PTEs) [1, 2].  

In this study, a biochar obtained from vineyard pruning residues was evaluated for its potential 

application in the immobilisation of lead (Pb), thallium (Tl) and zinc (Zn) in freshwater environments 

affected by mining activities [3].  

Leaching tests were conducted using both Milli-Q water and natural freshwater collected from the 

upper Tagliamento River to evaluate the release of major and trace elements and the effects of biochar 

on solution chemistry. Contact with biochar promoted a rapid increase in pH, reaching alkaline 

conditions, indicating a pronounced buffering effect. Electrical conductivity increased markedly in 

Milli-Q water, suggesting the release of soluble ions from the biochar matrix. Notable releases of 

major elements (especially P, Na, and K) were observed mainly during the first leaching cycle, 

whereas PTEs showed negligible mobilisation and concentrations remained below regulatory limits. 

Batch adsorption experiments were performed using single-element and multi-element solutions 

containing Pb, Tl, and Zn (1-50 mg L⁻¹) in both water matrices. Adsorption capacity increased with 

increasing initial metal concentration and followed the order Pb > Tl > Zn. Adsorption efficiencies 

were slightly lower in freshwater, reflecting the influence of dissolved ions and competitive 

interactions. Multi-element experiments confirmed competition among the three metals for 

adsorption sites. 

Overall, results highlight the potential of vineyard-derived biochar as a low-cost and sustainable 

sorbent for the mitigation of PTEs contamination in mining-impacted freshwater systems, especially 

for Pb immobilisation.  
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In recent years as alternatives to conventional chemical synthetic products for conservation of cultural 

heritage, the research on eco-sustainable biocides has increasingly grown focusing on plant essential 

oils (EOs). However, their practical application is often limited by volatility, chemical instability, and 

reduced persistence over time1. To overcome these limitations, a double-layer encapsulation system 

is developed to enhance the stability and efficacy of selected EOs, by protecting their active 

components from evaporation and oxidation. The system consists of oil-in-water Pickering emulsions 

stabilized by aluminosilicate inorganic particles, further embedded within an organic hydrogel matrix. 

Previous studies have shown that synergistic combinations of inorganic clays and natural polymers 

improve encapsulation efficiency and stabilize volatile bioactive compounds2,3. In this context, 

aluminosilicate particles contribute to improved gel structuring and oil retention, enabling a more 

controlled and gradual release of the active compounds. Scale-up experiments were performed to 

assess the applicability of the system. Colorimetric and drying tests were carried out on mock-ups of 

calcareous stones, marbles, and clay-based ceramics. The hydrogel can be easily removed after 

drying, without leaving residues or causing detectable chromatic alterations, while promoting 

adhesion and prolonged contact with inorganic porous substrates.Pickering emulsions and hydrogels 

were characterized by UV–Vis spectroscopy, optical and fluorescence microscopy, dynamic light 

scattering (DLS), zeta potential analysis, and rheological measurements. Colorimetric analyses 

confirmed the compatibility of the treatment, while antimicrobial activity was assessed by the agar 

disk diffusion assay. These results highlight the potential of double-encapsulated EO-based systems 

as effective and sustainable solutions for the conservation of cultural heritage materials. 
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In the field of emergency stabilization and structural safety for Cultural Heritage, recent research has 

focused on the use of Volatile Binding Materials (VBM) for the application of Japanese paper, valued 

for their ability to sublimate without leaving residues on the artwork [1]. Menthol has proven to be 

particularly promising due to its natural biocidal properties which protect the substrate from 

biological attack. However, field application of pure menthol remains impractical and poses potential 

risks to the operator. The aim of this research is to overcome these drawbacks by testing a new 

material based on 3% dry agar containing various percentages of menthol [2]. The production of this 

innovative material is made possible by the agar spray technique, which allows for the emulsification 

of menthol within the agar matrix without the use of surfactants or stabilizers [3]. The drying process 

occurs naturally, significantly reducing costs and the energy consumption associated with freeze-

dryers or industrial desiccators. Furthermore, the materials used exhibit an optimal Life Cycle 

Assessment (LCA) profile, as they are derived from natural, easily disposable, and cost-effective 

sources. The resulting product is a thin, elastic film that requires only slight humidification to adhere 

to the artwork, making its application on-site practical and functional. At the same time, it is easily 

removable due to its water reversibility. In conclusion, the proposed system combines the protective 

efficacy of menthol with the ease of use of agar, offering a safe, economical, and eco-sustainable 

solution for temporary consolidation and facing. 
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The identification of effective, compatible, and sustainable 

biocidal materials represents a critical challenge in the 

conservation of archival and library heritage, particularly with 

respect to the mitigation of fungal biodeterioration affecting 

cellulosic and proteinaceous substrates. Within this context, the 

KEEP CALM project was designed to systematically assess the 

applicability of nanostructured magnesium diboride (MgB₂) as an 

innovative biocidal agent for conservation purposes. 

Biocidal activity was evaluated through in vitro assays on 

microorganisms relevant to biodeterioration, demonstrating a 

significant inhibitory effect of MgB₂ on microbial growth, with 

variability dependent on the specific strain and experimental 

conditions. 

 

 
In vitro growth of Eurotium 

The experimental protocol, integrating microscopic observations with spectrophotometric analyses, 

provided a reproducible and analytically robust framework for the assessment of biological activity. In 

parallel, model substrates of paper and parchment, designed to replicate the physicochemical properties 

of historical materials, were developed to investigate the interaction between the nanomaterial and 

representative conservation supports. Microscopic and spectroscopic investigations confirmed the 

compatibility of the treatment, with no detectable alterations in colour, chemical composition, or 

structural integrity, thereby supporting the coexistence of biocidal efficacy and material preservation. 

Subsequent in vivo testing on model substrates enabled the validation of MgB₂ performance under more 

representative conditions, contributing to the definition of application protocols based on eco-

compatible solvent systems. 

Overall, the results demonstrate that nanostructured MgB₂ constitutes a promising material for the 

development of sustainable and application-oriented conservation strategies, supporting its potential 

transfer to real-case scenarios in cultural heritage preservation. 
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The conservation of paper-based cultural heritage is increasingly shifting toward sustainable, non-

toxic methodologies. Traditional consolidation and cleaning treatments often rely on synthetic 

polymers and organic solvents that pose risks to both human health and the environment. This 

research aims to develop a high-performance, bio-based alternative to traditional adhesives like 

Funori [1]. By utilizing extracts from two microalgae strains—Chlamydomonas reinhardtii and 

Porphyridium purpureum—this study investigates the potential of microalgae-derived 

polysaccharides to provide mechanical reinforcement and antioxidant protection to degraded 

cellulose fibers. 

The extracts were obtained via an eco-friendly process involving hot water extraction and ethanol 

precipitation. Chemical characterization was performed using FTIR, GC-MS, and colorimetric assays 

to quantify carbohydrate and protein content, while Folin-Ciocâlteu and TEAC assays evaluated 

bioactive antioxidant capacity [2]. For application, the extracts were incorporated into hydrogel made 

of agarose and gellan gum to ensure a slow and controlled release onto paper supports. The treatment's 

efficacy was tested on aged and unaged paper using surface pH measurements, contact angle 

wettability and mechanical properties. Structural changes were analysed at the nanometric scale using 

Atomic Force Microscopy and Small-Angle Neutron Scattering. 

The analyses showed that the extracts possess significant antioxidant capacity, offering a secondary 

layer of protection against oxidative decay. It was also demonstrated that the polysaccharides 

effectively infiltrate the interfibrillar voids of the paper, increasing surface roughness and enhancing 

structural cohesion. The hydrogel delivery system successfully prevented moisture-induced staining 

while improving the mechanical strength of the specimens without adverse aesthetic alterations. 
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Rebar corrosion is the primary cause of premature failure in reinforced concrete structures largely 

used in the built Heritage of the 20th century. This study aims to develop non-invasive optical 

detection strategies for the early identification of corrosion markers (pH variations and metal ion 

release) that are compatible with historic buildings and monuments. The proposed approach leverages 

the "Law of Fives" [1], emphasizing that early detection in the initiation phase allows for maintenance 

costs up to 125 times lower than reactive repairs.  

This research, inspired by a recent work by Dhole et.al [2], explores the use of "smart" materials with 

self-reporting capabilities, specifically focusing on rhodamine-functionalized solutions. In particular 

the interaction with oxidized iron in both (II) and (III) forms was studied. The chelation of Fe3+ 

produces a rapid and intense colour variation and also a fluorescence turn-on effect detectable under 

the excitation wavelength λ= 365 nm. 

The study investigates the use of highly retentive hydrogels ,where the sensing solutions are uploaded, 

to detect degradation by its simple direct contact with the tested surface, through the visualization of 

visible changes in their optical properties, i.e. discolouration and/or fluorescence emission under UV 

illumination. By utilizing hydrogels with high retention capacity [3], the system ensures no chemical 

residues are left on treated surfaces, preserving the aesthetic integrity of the material. 

The integration of rhodamine-based sensors into hydrogel matrices offers a promising balance 

between high sensitivity to early-stage corrosion and the preservation requirements of cultural 

heritage. This methodology provides an intuitive, cost-effective, and non-destructive tool for the 

sustainable management of both historic architecture and modern infrastructure. 
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Motion picture films made of cellulose acetate (CA) are subject to chemical degradation mainly due 

to “vinegar syndrome”. This process involves the cleavage of ester bonds between the acetate groups 

and the cellulose backbone through ester hydrolysis (deacetylation), with the release of acetic acid, 

which acts as a catalyst for the reaction. Deacetylation by-products can also promote the hydrolysis 

of the glycosidic bonds of the cellulosic backbone. The resulting deformation and embrittlement of 

the films can severely compromise their usability. 

The main goal of this project is to develop innovative, low-cost, easy-to-produce and handle,and 

potentially reusable chemical inhibitors. Several systems based on two strategies were proposed and 

characterized: (1) the use of sponge-like systems made of polyethyleneimine (PEI) and (2) sponge-

like systems loaded with metal oxide nanoparticles. In the first case, free amino groups were 

exploited, while in the second case inorganic nanoparticles were used, to convert acetic acid into 

ammonium carboxylates and acetate salts, respectively, through acid–base reactions. 

The efficacy of the proposed systems in inhibiting vinegar syndrome was evaluated both on real 

motion picture films, in which the deacetylation process was artificially induced using an innovative 

degradation protocol, and on films naturally affected by vinegar syndrome. The different behaviors 

of untreated and treated films were assessed using an innovative multi-analytical protocol capable of 

monitoring chemical alterations of the supports associated with the onset and progression of vinegar 

syndrome. 
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One of the most critical conservation issues affecting photographic heritage is the biological 

contamination of the emulsion layer, which is generally composed of gelatin and light-sensitive silver 

clusters [1]. This work presents novel sustainable aerogels designed to prevent microbiological 

contamination of photographic emulsions when introduced into archival environments, thereby 

offering an improvement over current conservation strategies that typically involve storing materials 

at controlled temperature (≈ 4 °C) and relative humidity (≈ 30–40%). Nanocellulose was selected as 

the main constituent of the aerogels due to its low cost, abundance, and well-known properties of 

renewability, sustainability, and biodegradability [2]. To maintain the sustainability of the developed 

systems while providing antimicrobial properties, essential oils [3] and amino acids were incorporated 

into the aerogels. Chemical characterization, performed by thermogravimetric analysis (TGA), FTIR-

ATR spectroscopy, and titration, confirmed the formation of a stable porous network. Moreover, the 

mechanical properties were evaluated through rheological measurements in both compression and 

shear modes.  
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Biodeterioration induced by microorganisms—including bacteria, archaea, fungi, and lichens—

represents one of the main challenges in the preservation of cultural heritage. This phenomenon can 

affect both the aesthetic appearance and structural integrity of materials, making the implementation 

of preventive conservation strategies essential. Over the years, several strategies have been developed 

to safeguard artworks from biodeterioration, among which the application of biocides is prominent. 

Biocides are active substances that eliminate, inhibit, neutralize, or prevent the proliferation of 

harmful organisms, thereby safeguarding human and animal health and preserving the integrity of 

both natural and synthetic materials. A major limitation of conventional biocidal treatments is their 

limited persistence, which necessitates repeated applications and raises concerns about their long-

term effects on both cultural heritage materials and the environment [1]. Additional challenges 

include the emergence of resistant bacterial strains, the phenotypic variability of microbial 

communities, and the potential toxicity of these agents. In this context, the development of new 

molecules with biocidal properties is necessary. We propose two novel classes of biocidal agents. 

Firstly, we describe the synthesis and characterization (by NMR and Gas chromatography-mass 

spectrometry) of new selenium-based biosimilar compounds [2]. Additionally, we focus on the 

extraction of inuloxin A, a sesquiterpene lactone with biocidal properties, from the invasive plant 

Dittrichia viscosa [3]. Quantification and characterization of Inuloxin A was conducted by GC-MS 

and NMR. The biocidal activity of both classes of molecules was evaluated in collaboration with the 

Suor Orsola Benincasa University of Naples. Specifically, in vitro tests were carried out on mosaic 

tiles composed of stone materials,the model organism Raphidocelis subcapitata. 
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Cellulose is the most abundant natural polymer on Earth, a key structural component of plant cell 

walls, and its linear structure imparts strength and stability to materials derived from it. However, its 

natural insolubility in water limits its direct use in many applications and to address this, cellulose is 

often chemically modified into water-soluble derivatives. Hydroxyethyl cellulose (HEC) and 

hydroxypropyl cellulose (HPC) stand out for remarkable versatility, making them valuable in 

cosmetics, electronics, pharmaceuticals, and cultural heritage restoration. This study investigates the 

effect of detonation nanodiamonds (DND) in preserving cellulose dispersions, HEC and HPC 

solutions, through the evaluation of their rheological behaviour, chemical-physical properties, and 

degradation resistance. The experimental findings will highlight DND’s role in improving cellulose 

ether solutions’ durability, functionality, and shelf life, offering significant benefits for industries that 

rely on these materials by ensuring enhanced product stability and prolonged performance. In this 

respect, the work will demonstrate slower depolymerization rates in DND-containing dispersions, 

indicating a longer shelf life than pure HEC solutions, by viscosity measurements, as well as an 

improved chemical stability, suggested by very small pH fluctuations in composites with respect to 

standard solutions. Furthermore, microbial growth resulted to be drastically reduced in DND 

composites along with scarce conductivity changes due to degradation, indicating reduced breakdown 

over time. We also present a comprehensive study on exploiting cellulose derivative-based coatings, 

specifically by using HPC, to elevate the functionality of paper as a packaging material: the addition 

of small amount of DND to the HPC coating material, leads to a 70% increase in paper water vapor 

barrier resistance, a 6-fold improvement in mechanical resistance, and an enhanced chemical stability 

in strongly acidic oxidizing environments. 
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Wood is a widely used material in interior and exterior applications due to its aesthetic appeal, 
renewability, and low cost [1]. This enduring quality is reflected in the numerous precious 
artifacts crafted from the material over centuries [2,3]. However, it is highly susceptible to 
chemical and biological degradation, particularly from fungi and bacteria [1-3]. To enhance 
durability, methods such as surface coating, chemical modification, and impregnation are 
employed. In this study, the antifungal performance of a silane-functionalized copper (II) 
azacyclam complex was evaluated and compared against unfunctionalized copper (II) 
macrocyclic and non-macrocyclic copper compounds, specifically Cu(NO3)2·3H2O. 

The macrocyclic complexes were synthesized and characterized using MS, NMR, FTIR (ATR 
mode), and SEM-EDS. Wood specimens treated with the different copper derivatives were 
exposed to Aspergillus niger and Trametes versicolor to assess antifungal efficacy. 
Furthermore, copper leaching was measured via atomic absorption analysis across two 
leaching cycles. Results indicated that while untreated wood was fully colonized by fungi within 
two weeks, wood treated with copper nitrate and copper azacyclam initially showed improved 
resistance. However, these treatments lost their antifungal properties following the leaching 
processes. In contrast, the functionalized macrocyclic copper complex maintained better 
performance even after the second leaching cycle due to its stronger interaction with the wood 
substrate. Atomic absorption analysis confirmed that this complex exhibited the lowest copper 
leaching, identifying it as a promising, leach-resistant protective material against wood-
degrading fungi. 
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Paper is an organic polymeric material prone to degradation processes such as acid-catalyzed 

hydrolysis reactions and oxidation, which lead to cellulose depolymerization, yellowing, mechanical 

weakening, and loss of written information.1 Although alkaline nanoparticles are widely employed 

for deacidification treatments, their application does not provide structural reinforcement of the paper 

substrate.2,3 

This work presents an organic–inorganic hybrid material (OIHM) designed to simultaneously achieve 

deacidification and mechanical strengthening of historical paper. The system is based on the 

combination of magnesium hydroxide nanoparticles (Mg(OH)2NPs) and nanocrystalline cellulose 

(NCC), where the latter acts both as a reinforcing agent and as a carrier, promoting homogeneous 

nanoparticle distribution. NCC is synthesized starting from micro-cellulose source, by employing 

low-temperatures and short reaction time protocol. In this way, by operating under controlled 

conditions, the synthesis minimizes energy consumption. The hybrid system is then applied by 

spraying onto paper and iron gall inked samples, ensuring uniform and non-invasive treatment 

without affecting the chromatic properties. The intervention is tailored to the initial conservation state 

of the samples, with pH measurements guiding the optimization of the final amount of Mg(OH)2 NPs 

to achieve the ideal long-lasting pH values in the range of 6.0.  

Mg(OH)2 NPs provide effective acid neutralization and an alkaline reserve, while NCC establishes 

hydrogen bonding interactions with cellulose fibers, enhancing the mechanical properties of historical 

paper. Preliminary results demonstrate improved deacidification efficiency, increased of the alkaline 

reserve, and significant mechanical reinforcement. Morphological and chemical analyses (SEM, 

FTIR) confirm the homogeneous distribution of the hybrid material, its effective interaction with the 

cellulose network, as well as its stability over time. 

The proposed OIHM represents a non-invasive and versatile strategy for the conservation of paper-

based artifacts. Its applicability to different cellulose-based substrates, combined with the possibility 

of using alternative cellulose sources for the synthesis of NCC, including waste materials, underlines 

its potential in terms of circular economy strategy. Moreover, the proposed OIHM system can be 

extended as a carrier platform for additional functionality, such as antimicrobial or antioxidant agents, 

opening new perspectives for further applications beyond cultural heritage. 
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If wood is left in waterlogged conditions for a long time, decay processes will begin to affect the 

fundamental chemical components of the cell walls. This can result in the wood becoming deformed 

(collapsing and losing its shape) during the drying phase [1]. The aim of a conservation treatment is 

therefore to prevent such deformations. Although polyethylene glycol (PEG) has been successfully 

used to preserve waterlogged archaeological wood since the 1960s, there are several issues with its 

long-term use. Numerous other products have subsequently been studied but the search for new, more 

effective, sustainable consolidating agents is still ongoing [2]. This study is the first to evaluate the 

use of pullulan as a consolidating agent for archaeological wood. Pullulan is a non-ionic 

polysaccharide with specific physical properties that can promote good penetration into wood and 

influence its mechanical strength. The product was applied to wood samples from archaeological 

excavations, consisting of softwood and hardwood characterised by varying degrees of decay. In an 

attempt to anchor pullulan to the wood structure through cross-linking, the effect of post-treatment 

with polyisocyanates on the wood’s mechanical behaviour was also evaluated. FTIR and 1H-NMR 

analyses were performed to determine the penetration of the consolidant and the formation of 

polyurethanes and/or polyureas. The results highlighted the substantial effectiveness of the treatment 

in terms of its ability to impart dimensional stability and limit cracking, thanks to the consolidant high 

penetration in the most degraded samples. In the less degraded samples, however, penetration proved 

difficult. Mechanical tests performed using dynamic mechanical analysis (DMA), which measures 

the response to an oscillating force, revealed that the stiffness of the treated samples remained 

practically unchanged. In contrast, the viscous behvaiour increased in the most degraded samples due 

to the presence of pullulan. However, the loss factor decreased in the material post-treated with 

polyisocyanates, returning to values close to those of untreated wood, due to the formation of 

polyurethanes and polyureas. Overall, our results suggest that the studied consolidating agents 

represent a promising treatment for waterlogged archaeological wood, as they are quite effective at 

stabilising its shape without altering its viscoelastic properties. 
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Archaeological metals constitute one of the most challenging classes of Cultural Heritage materials 

from a conservation perspective, due to their intrinsic susceptibility to corrosion both during burial 

and after excavation. Consequently, conservation protocols generally rely on stabilization treatments, 

including the application of corrosion inhibitors which often involve substances that may pose risks 

to human health and the environment. 

In response to the growing demand for sustainable conservation strategies, increasing attention has 

been devoted to biotechnological approaches that exploit microbial metabolic processes as 

environmentally friendly alternatives. In the present study, a novel stabilization system was developed 

by integrating the natural biopolymer Funori with the fungus Beauveria bassiana, promoting the 

formation of stable copper oxalate layers on corroded metal surfaces. These newly formed layers 

function as protective coatings, reducing the progression of corrosion [1,2]. The effectiveness of this 

innovative treatment was investigated through a multi-analytical approach involving Fourier-

transform infrared spectroscopy (FTIR), Raman spectroscopy, and scanning electron microscopy 

coupled with energy-dispersive X-ray spectroscopy (SEM-EDX). The results demonstrate a 

synergistic interaction between B. bassiana and Funori. Beyond serving as a sustainable support 

matrix, Funori creates a favorable microenvironment that enhances fungal growth and metabolic 

activity. Its polysaccharide network retains the moisture required for metabolite production while 

regulating their diffusion toward the metal substrate, thereby promoting a more uniform and strongly 

adherent deposition of copper oxalates. 
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The conservation of cultural heritage is strongly influenced by indoor environmental quality, 

especially in monumental buildings open to visitors, where airborne pollutants and microclimatic 

instability may accelerate the degradation of artworks and decorative surfaces. In such contexts, the 

interaction between architectural features, visitor presence, ventilation conditions, and pollutant 

sources makes environmental assessment particularly challenging. This work focused on St. John’s 

Co-Cathedral, located in the UNESCO World Heritage city of La Valletta (Malta), a site of 

outstanding historical and artistic relevance. An integrated monitoring campaign was conducted to 

evaluate the indoor environment and to identify the main factors affecting pollutant distribution in 

areas of conservation interest. Temperature, relative humidity, carbon dioxide (CO2), particulate 

matter (PM10, PM2.5 and PM1), total volatile organic compounds (TVOCs), and nitrogen dioxide 

(NO2) were continuously monitored at selected sites representative of different indoor 

microenvironments. The monitoring design considered spatial configuration, airflow conditions, 

visitor circulation, and the location of valuable artworks. In parallel, passive samplers were used for 

VOCs sampling, followed by gas chromatographic analyses for qualitative and quantitative 

characterization. Selected compounds were also investigated through advanced multidimensional gas 

chromatographic approaches to obtain additional information useful for source attribution. The results 

highlighted significant spatial and temporal variability in indoor air quality, showing the influence of 

visitor activity, localized emissions, and air circulation patterns. By combining continuous 

environmental monitoring with targeted chemical characterization, the study provides a broader 

understanding of the pressures acting on heritage interiors. This non-invasive approach represents a 

valuable support for risk assessment and for the development of preventive conservation strategies in 

complex historic buildings. 
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The increasing frequency of extreme climatic events represents a major challenge of climate change, 

impacting both urban ecosystems and built cultural heritage. Green infrastructure is widely 

recognised as an effective mitigation strategy, contributing to microclimate regulation, air pollutant 

reduction, and the enhancement of urban cultural identity [1,2]. This study specifically focuses on 

atmospheric particulate matter deposited on architectural surfaces, with particular attention to 

persistent organic pollutants (POPs) and polycyclic aromatic hydrocarbons (PAHs) [3]. It addresses 

a critical research gap by characterising deposited particulate and deeply exploring its relationship 

with the typology, density, and structure of nearby green infrastructure. While these pollutants have 

been extensively investigated in air, water, and soil matrices, studies addressing their accumulation 

on built surfaces remain limited. Surface deposits were sampled from historic buildings in Treviso, 

using adhesive tape and brush techniques. Morphological characterisation was performed through 

optical and electron microscopy, while chemical composition was analysed by Raman and FTIR 

spectroscopy, coupled with chromatographic methods for the identification of organic pollutants.  

Preliminary results indicate that both the type and height of green infrastructure significantly 

influence particulate deposition patterns and composition. Specifically, certain vegetation typologies 

appear to act as barriers, reducing the accumulation of pollutants, while others may contribute to 

increase particulate release or retention near surfaces. These findings demonstrate the potential of the 

protocol proposed within the JPI ATLAS project (“Studying symbiotic scenarios linking Heritage 

assets and green areas to prepare Historic Cities to face Climate Changes”) to support informed urban 

planning and heritage conservation strategies, balancing the ecological benefits of green 

infrastructure with the preservation needs of historic architecture. 

 

References 

[1] X. Fang, L. Jingwei, M. Qun. 2023, Sustain. Cities Soc.,10.1016/j.scs.2023.104843 

[2] G. M. Gadd, 2017, Nat Microbiol 2.4,  10.1038/nmicrobiol.2016.275 
[3] M.T. Younis, F.O. Alzehery, et. al., 2025, npj Heritage Science, 10.1038/s40494-025-01833-5 

https://doi.org/10.1016/j.scs.2023.104843
https://doi.org/10.1038/nmicrobiol.2016.275


  

 
 

XXII Congresso Nazionale della Divisione di Chimica dell'Ambiente e dei Beni Culturali 
Palermo, 16-19 Giugno 2026 

ORAL  

 

HOW DO MEMBRANES ENABLE PREVENTIVE CONSERVATION  

FOR CULTURAL HERITAGE ASSETS? 

A. Gugliuzza1,2* 

1Research Institute on Membrane Technology-National Research Council (CNR-ITM),  

Via Pietro Bucci 17C, Rende (CS) 87036, Italy 

 
2Widespread laboratory of Science for Cultural Heritage | CHrossLab, Department of Chemical 

Science and Materials Technologies (CNR-DSCTM)  

Via dei Taurini, 19, 00185 Roma, Italy 

* a.gugliuzza@itm.cnr.it 

 

Within the context of conservation, membranes can be used as structural elements of devices having 

ability to contrast destabilization of environmental equilibria, which are needed to preserve works of 

art [1]. Prolonged exposition to daylighting, fluctuation of temperature and relative humidity, increase 

in CO2 and harsh gases along with deposition and growth of chemical, physical and biological 

pollutants are recurrent causes of degradation. Membranes can provide a sustainable protection from 

negative effects ascribed to climate changes, infiltration, heat islands, moisture, vapors and gases 

diffusing through air, powder and dust along with other contaminants. Membranes find a natural 

application within microclimate and microenvironment concepts, due to the fact that they are 

adaptable to different extent of space to be controlled and can promote permselective transport of 

mass, energy and charge through directed mechanisms [2]. Also, they can combine perception and 

interaction ability with surrounding so that sense-to-act mechanisms can be accomplished to contrast 

undesired events and re-establish balanced environmental conditions [3]. This occurs without 

affecting aesthetic, originality and integrity of stored artifacts. The prerogative to be patchworks of 

functions, including responsive ones, make the membranes challenge materials to face AIoT 

technology for the construction of integrated ultra-smart devices, enabling real time ambience quality 

check and readjustment to the one necessary to make the conservation effective and stable over long 

time. 
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Acetic acid, a volatile organic acid, is present in both outdoor and indoor environments, originating 

from natural emissions and anthropogenic processes. Although weaker than inorganic acids, it 

contributes to the acidification of surface films, promoting the degradation of carbonate materials and 

metal corrosion, with implications for outdoor cultural heritage [1,2]. 

In museum environments, acetic acid is primarily generated by off-gassing from construction 

materials used in display cases, such as wood-based panels, adhesives, sealants, and coatings. These 

emissions can accumulate in enclosed microenvironments, posing a risk to sensitive objects [2,3]. 

This study adopts a multi-scale approach to investigate the impact of acetic acid in indoor and outdoor 

environments. The first approach, developed within the SmartECO Project, focuses on emissions 

from materials used in display cases. Controlled laboratory experiments were conducted to generate 

standard acetic acid atmospheres, quantified by Fourier-transform infrared (FTIR) spectroscopy and 

calibrated against ion chromatography data. This method enables the direct, non-invasive 

measurement of acetic acid inside museum display cases without the need for sampling, allowing 

real-time assessment of emissions from construction materials and accumulation dynamics in 

confined volumes. 

The second approach involves outdoor atmospheric monitoring at an Italian site within the framework 

of the European Monitoring and Evaluation Programme (EMEP), a reference network for long-term, 

harmonised observations of transboundary air pollution. Seasonal variability was assessed by 

comparing summer and winter datasets. 

The results highlight two distinct but interconnected conservation issues: acetic acid emitted from 

display case materials that can accumulate within enclosed showcases to levels potentially harmful 

to sensitive objects, whereas long-term exposure contributes to the degradation of stone and metal 

cultural heritage exposed to outdoor environments. 
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The EU SurfToGreen (SURFactants TO foster GREEN industry) project aims to develop innovative 

bio-based solutions to replace conventional fossil-based surfactants. These new surfactants will be 

produced from biomass building blocks sourced from EU territorial value chains, including forests 

and agricultural waste, and systematically evaluated through Life Cycle Assessment (LCA). In 

SurfToGreen, LCA will follow the Safe and Sustainable by Design (SSbD) Framework developed by 

the JRC and comply with ISO 14040–44 standards. 

To ensure the highest level of sustainability for the new products, it is also essential that the supply 

chain is as transparent as possible, enabling traceability from the production of the feedstock, used as 

raw materials. In fact, the main environmental impacts often occur during the agricultural stage and 

can propagate throughout the entire value chain1.  

In the context of bio-based surfactants, bio-based glycerine emerges as one of the most relevant 

platform molecules. Building on these insights, a case study is presented that compares, through LCA, 

bio-based glycerine obtained from rapeseed, palm and soybean oils with fossil-based glycerine 

synthesized from epichlorohydrin. The analysis integrates primary data from an Italian company 

refining bio-based glycerine and secondary data from Ecoinvent, applying the Environmental 

Footprint 3.1 (EF) calculation method. The results show that bio-based glycerine from vegetable oils 

has lower environmental impacts than fossil-based glycerine in most impact categories. However, 

some categories are strongly influenced by agricultural activities associated with feedstock 

production. This highlights the need to strengthen monitoring and control during the upstream phases 

to ensure sustainable agricultural practices. Furthermore, to support the interpretation of LCA results 

and move from relative comparison toward a more absolute assessment of sustainability performance, 

benchmark values proposed in the final version of the SSbD Framework were used as reference 

points. These benchmarks represent the average environmental impacts of a basket of large-volume 

chemicals and are structured into five performance classes for each impact category of the EF method.  

The results show that bio-based glycerine falls into better-performing classes than fossil-based 

glycerine for most impact categories.  
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The European Commission’s 2023 update of the Critical Raw Materials list underscored the strategic importance of 

assessing recycling technologies for environmental protection and resource recovery [1]. In parallel, Life Cycle 

Assessment (LCA) has become a key methodology for evaluating the environmental impacts of recycling systems 

processing metal scraps, electronic waste, and various industrial by‑products. Yet, from a methodological 

perspective, the intrinsic multifunctionality of recovery technologies, simultaneously operating as waste treatment 

solutions and as producers of secondary raw materials, creates substantial challenges for impact assessment [2]. On 

top of this, LCA studies in this sector are subjected to arises from many factors, including the wide range of available 

technologies, the co-production of multiple metals and the associated allocation methods, differences in energy 

mixes, and the diverse types of waste treated [3,4,5]. Among these, waste heterogeneity of wastes has received 

comparatively less attention, even though the chemicals, energy and fuel requirements, as well as the specific unit 

processes involved, vary significantly with the type of waste processed. This study presents an ex-ante LCA of a 

copper and precious-metal recycling process. Environmental impacts are calculated for four waste categories per 

ton of waste, with the aim of attributing to each waste stream the impacts for which it is responsible. An average 

LCA result, based on the plant’s operational capabilities, is also evaluated for comparison. Then the impacts are 

allocated, according to common allocation methods found in the scientific literature, to the metals produced from 

every waste. Environmental performance varies with both waste composition and certain process parameters, such 

as total wastewater generated, the amount of black copper recovered, and the specific consumptions required for 

refining the metals present in the waste. This study highlights the need for transparent reporting of inventory 

assumptions and waste-specific data in metal recovery LCA studies. 
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Achieving sustainable soil management has become a major concern at the European level. Land 

remediation activities that incorporate sustainability and circularity principles represent a practical 

tool for safeguarding soil as a resource. Within this context, the research aims to apply a structured 

methodology for sustainability and circularity assessment of alternative remediation scenarios at the 

preliminary (ex-ante) stage of remediation planning. The study is intended not only to compare 

different technological options, but also to test the applicability and robustness of the proposed 

methodology in real decision-making context. The assessment framework uses environmental, 

economic, and social sustainability indicators alongside a set of circularity indicators, allowing the 

performance of alternative remediation scenarios to be ranked for both aspects through two outputs: 

a Sustainability Index and a Circularity Index (Figure 1). The methodology was applied to assess five 

alternative remediation scenarios for the reclamation of hydrocarbon-contaminated soil at a former 

oil storage facility in Italy. The technological approaches include dig and dump (D&D), biological 

treatment via biocells, and physical isolation via encapsulation. The integrated assessment of 

sustainability and circularity indicators made it possible to obtain a clear ranking of the alternatives 

and to identify the main factors influencing performance. The research demonstrates how a structured 

methodology integrating sustainability and circularity indicators can effectively support the decision-

making process towards the selection of remediation strategies in the early design phase of an 

intervention. On the other hand, the results demonstrate how data availability and quality heavily 

influence the outcomes of the assessment, especially regarding the circularity assessment. Overall, 

the study highlights the importance of adopting an integrated assessment approach to align 

remediation activities with broader sustainability and circular economy objectives. 
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Photoinitiators (PIs) have long been investigated as alternatives to thermal initiators with the aim of 

reducing polymerisation temperatures and heat consumption [1]. In this context, the performance of 

hydroxycyclohexyl phenyl ketone (Irgacure 184, HCPK), a widely used Type I photoinitiator 

generating free radicals upon UV irradiation, was experimentally tested in the synthesis of poly(vinyl 

acetate-co-crotonic acid), [2] indicating improved performance relative to thermal alternatives. Then, 

Life Cycle Assessment (LCA) was applied to compare six alternative synthesis routes to produce the 

HCPK and three different data sources: laboratory scale (LAB), advanced process calculation (APC) 

and software-assisted (SAM) modelling, with the last two representing industrial scales. The analysis 

is performed selecting 1 ton of produced HCPK as functional unit (FU) and by following a cradle-to-

gate approach. The Environmental Footprint 3.1 impact assessment method allowed to evaluate the 

environmental performance for 16 categories. Among the six routes analyzed, the pathway involving 

the initial α-chlorination of CPK followed by a nucleophilic substitution (i.e., synthesis S1 in Figure 

1a) emerges as the environmentally preferable option (e.g., 1.01 kg CO2 eq/FU in the SAM scenario). 

As expected, a decreasing trend in impacts is observed when moving from LAB to APC and then to 

SAM modelling, likely due to process optimization at larger scales (Figure 1b). Overall, the present 

study demonstrates that while laboratory-scale LCA represents a valuable preliminary screening tool, 

a representative early-stage LCA is better achieved through models that simulate industrial-scale 

synthesis. The authors acknowledge financial support from the European Union's Life Programme 

under grant agreement no. 101074164 (CROSS-LIFE – CROtonic Acid from Sewage Sludge).  
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Figure 1: a) Compared synthesis routes; b) Climate change impacts of the six routes according to the three scenarios 
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The Circular Footprint Formula (CFF) is an allocation method that assigns burdens and credits 

between the supplier and the user of recycled materials. It was adopted in the framework of the 

Product Environmental Footprint (PEF) [1], and it is used to model end-of-life processes, by 

accounting for the incorporation of recycled content into products and the level of resource recovery 

and recyclability at the end-of-life. It includes three components: materials, energy, and disposal. In 

this study, the CFF was applied only to the material inputs of two systems for storage of hydrogen. 

Thus, only the material component of the CFF was used as a circularity indicator, due to its parametric 

form in the CFF equation, that allows to parametrize several variables: 

𝐶𝐹𝐹 = (1 − 𝑅1)𝐸𝑉 + 𝑅1 (𝐴𝐸𝑟𝑒𝑐 + (1 − 𝐴)𝐸𝑉
𝑄𝑆𝑖𝑛

𝑄𝑃
) + (1 − 𝐴)𝑅2 (𝐸𝑟𝑒𝑐𝑦𝑐𝑙𝐸𝑜𝐿 − 𝐸𝑉

∗
𝑄𝑆𝑜𝑢𝑡

𝑄𝑃
) 

In the present contribution, two case studies are presented, both focused on hydrogen storage systems. 

One examines Type IV tanks for compressed hydrogen for heavy-duty transport. Here, the 

contribution of recycling various components on the end-of-life stage is computed, and the effect in 

reducing the overall lifecycle impacts is presented. Attention is paid to how environmental 

performance improves - especially for highly impactful materials - when circularity measures are 

adopted. As second case study, the advantage of producing TiFeX alloys from secondary raw 

materials, where X is an alloying element selected among Cu, Al, Cr and Co, is evaluated through 

CFF. TiFeX alloys are promising materials for storage of hydrogen in the form of metal hydrates [2]. 

Nevertheless, extensive use of such materials may lead to significant demand for critical raw 

materials. CFF is employed as a design tool to assess environmental amelioration derived from 

integrating secondary materials in alloy production, and to establish an environmental ranking among 

different alloying elements. Results show that the degree of environmental improvement is strongly 

controlled by the choice of third alloying element as well as the recycling processes involved. 

Consequently, the optimal TiFeX formulation depends on the attainable recycling level. 
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In the field of environmental sustainability assessment, the issues of consistent approaches, method 

standardisation, and result comparability have always been among the most important and critical 

aspects. The need to follow common modelling rules to evaluate the effective environmental impact 

of a product, process or service and to enable a fair comparison between systems with the same 

function is one of the main reasons that led the European Commission to establishing the 

Environmental Footprint (EF) framework [1]. In this context, the HyPEF project (“Promoting an 

Environmentally Responsible Hydrogen Economy by Enabling Product Environmental Footprint 

Studies”) aims to develop Product Environmental Footprint Category Rules (PEFCRs) for fuel cell 

and hydrogen (FCH) systems. This work presents the main steps that drive the definition of the whole 

hydrogen life cycle, the definition of sub-systems (based on the main function of the FCH products),  

product categorisation and the modelling choices defined to apply Life Cycle Assessment (LCA) to 

three main product categories: devices for hydrogen production, tanks for hydrogen storage, and 

hydrogen fuel cells intended for electricity production.  

The developed rules define the key aspects for identifying the most significant impact categories, 

life‑cycle phases, processes, and elementary flows, and they provide guidance on addressing data 

gaps. In addition, the FCH-PEFCRs guide the LCA practitioner on how to address modelling 

requirements, allocation rules, and data selection decisions when conducting Product Environmental 

Footprint (PEF) studies in line with the EF framework. The FCH-PEFCRs establish a robust basis for 

conducting consistent and reproducible environmental assessment of FCH products. During the 

lifetime of the project, the HyPEF FCH-PEFCRs are undergoing an improvement approach, 

supported by an independent external review process, feedback collected through public consultations 

of the most relevant stakeholders of the hydrogen sector and insights gained from testing activities 

carried out on real case studies. 
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Porous carbons represent a versatile class of materials with broad applicability across multiple fields 

concerning environmental protection and remediation, including the reduction of CO₂ emissions and 

wastewater treatment. The production of activated carbons (ACs) via chemical activation of biomass 

waste, a renewable carbon precursor, provides a cost-effective strategy for obtaining materials 

characterized by high specific surface area and large pore volumes. In this context, it is particularly 

important to investigate the influence of the chemical activating agents employed and assess the effect 

of precursor pretreatment methods to enhance biomass valorization. 

In this contribution, three different biomasses (rice husk, corn cob and hazelnut shells) were pyrolyzed 

for the preparation of  ACs using as activator an environmental benign and sustainable binary eutectic 

mixture of K2CO3 and KCl.[1] The influence of biomass pretreatment was studied  by pyrolysis of 

hydrochar derived from hydrothermal treatment at 200 °C.[2] Exploiting a solvent-free procedure, 

different mixtures with biomass:activator weight ratios ranging from 1:1 to 1:3 were pyrolyzed under 

N2 gas flow at 800°C. The produced ACs were in-depth characterized by multi-technique approach 

using N2 and CO2 physisorption analysis, respectively at 77K and 298K, Raman spectroscopy and 

FESEM analysis. Furthermore, thermogravimetric analysis (TGA) was conducted on the activation 

mixtures to assess the principal temperature range in which the activator is involved during the 

pyrolysis. The obtained ACs show high specific surface area and pore volume (up to 2400 m2/g and 

1,30 cc/g, respectively) that gradually increase with the biomass:activator weight ratio, with 

hydrochar-derived samples showing slightly superior porosity development alongside higher solid 

yields. To evaluate the potentiality towards possible water remediation application the ACs were also 

tested in preliminary adsorption test with an aqueous Rhodamine B solution (1.0 x 10-5 M) in which 

1:3 samples showed a nearly complete dye removal (>98%) after 1 h. Overall, this work highlights 

as the use of inexpensive precursors for high-surface-area ACs, ultimately advancing a practical 

strategy for biomass valorization.  
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The development of sustainable alternatives to fossil-based plastics has become an urgent priority, 

driven by the need to reduce the consumption of non-renewable raw materials and to prevent the 

environmental burdens associated with the production and use of plastics. In this context, 

biopolymers, such as polyhydroxyalkanoates (PHAs), represent a promising option, although their 

wider adoption is still constrained by high production costs and environmental impacts. The 

environmental sustainability of PHA production is therefore a key aspect in the transition from proof-

of-concept to commercial application. The BioLaMer project [1] addresses these challenges through 

the development of a novel black soldier fly larvae biorefinery. In this system, larvae are fed with 

food waste, and the entire larvae are then valorised: larvae shell is processed for chitosan extraction, 

while the larvae meat provides feedstock for PHA-producing microorganisms.  

Within this framework, this work applies a gate-to-gate Life Cycle Assessment (LCA) to compare 

two PHA production routes based on substrates extracted from larval biomass. The first route is based 

on a pure culture process, whereas the second relies on a mixed culture production strategy. Although 

the BioLaMer system is currently at the proof-of-concept stage, the LCA incorporates scale-up energy 

data to move beyond a purely laboratory scale and provide a more realistic basis for environmental 

screening. The study aims to identify the main environmental hotspots of both routes, and support the 

more suitable design. In this way, LCA is used not as an ex-post assessment tool, but as a decision-

support framework to guide process development and inform the selection of the most promising 

route for future scale-up.  
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This study addresses the growing demand for Critical Raw Materials (CRMs) by investigating 

sustainable alternatives to primary extraction. At the same time, agro-industrial waste biomasses 

represent a significant environmental and economic burden. In this framework, bergamot pomace 

(BP) was valorised as a low-cost biosorbent for the recovery of Rare Earth Elements (REEs), 

contributing to circular economy strategies. The material, after water pre-treatment, was characterized 

using a multi-technique approach to elucidate its surface chemistry and adsorption behaviour. 

Attenuated Total Reflectance Fourier Transform Infrared Spectroscopy (ATR-FTIR) was used to 

identify surface functional groups and to monitor spectral changes after metal uptake [1]. The pH of 

point zero charge (pHpzc) was determined to investigate the surface charge of the adsorbent and to 

identify the optimal operating pH for REE uptake. The adsorption ability of BP was tested using two 

synthetic REEs solutions. The first contained only REEs, and the second also included the typical 

interfering cations in Acid Mine Drainages (AMDs). Dynamic column tests allowed the construction 

of breakthrough curves and the evaluation of dynamic adsorption capacity, relative affinity, and mass 

transfer phenomena. The results showed a higher affinity toward light REEs, as indicated by delayed 

breakthrough times. Desorption in column was carried out using H₂SO₄ solutions at 0.05 and 0.10 

mol dm⁻³, achieving continuous elution with concentration factors ≥ 2.5 [2]. The recovered eluates 

were further treated by selective precipitation using NaOH and Na₂CO₃ at 1.0 mol dm⁻³. Life Cycle 

Assessment (LCA) and Techno Economic Assessment (TEA) showed which are the most relevant 

protocol steps to be optimized for the scaling up from a lab scale to an industrial scenario [3]. The 

laboratory configuration is associated with higher costs and environmental impacts, whereas process 

optimization, mainly through improved drying and biosorbent regeneration, leads to a significant 

reduction in both. In the optimized scenario, the production cost decreases to 2.99 € kg⁻¹ together 

with a marked improvement in the environmental footprint, supporting the scalability of the process.  
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Life Cycle Assessment (LCA) is increasingly recognized as a key methodological tool for supporting 

the transition toward green electronics, as it enables a quantitative evaluation of environmental 

burdens associated with materials, manufacturing processes, use phase, and end-of-life management 

of electronic devices. In the field of flexible and printed electronics, where sustainability is often 

claimed on the basis of lightweight design, reduced material consumption, and low-temperature 

processing, LCA plays a crucial role in verifying whether these advantages translate into actual 

environmental benefits across the full life cycle [1]. In particular, the selection of polymeric substrates 

strongly affects the overall environmental profile of the device, since substrate production, thermal 

and chemical stability, process compatibility, durability, and disposal routes can significantly 

influence impact categories such as global warming, fossil resource use, and human toxicity. In this 

context, the comparison between different kind of temperature sensors, e.g., Resistance Temperature 

Detectors (RTDs) and thermistors fabricated on polyimide and on cellulose-based substrates 

represents a meaningful case study for investigating the environmental implications of material 

choice in flexible sensing systems [2]. Indeed, an LCA-based comparison allows the identification of 

trade-offs between technical performance and environmental sustainability, highlighting whether a 

substrate with typically lower embodied impacts can effectively replace a high-performance 

conventional polymer without compromising device functionality. More broadly, this approach 

demonstrates how LCA can guide eco-design strategies in green electronics by supporting material 

selection, process optimization, and the development of more sustainable flexible devices. 
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Outdoor bronze monuments represent a vulnerable category of cultural heritage, constantly exposed 

to environmental pollutants and atmospheric corrosion. Traditional conservative approaches often 

employ fossil-based coatings, so developing sustainable, bio-based protective coatings is therefore a 

priority in conservation science. Among emerging bio-based materials, cutin, a hydrophobic 

biopolyester recovered from tomato peels, a major food industry byproduct, has shown strong 

potential as a renewable alternative to fossil-derived resins, owing to its intrinsic barrier properties 

and circular sourcing [1]. Yet defining a coating as truly "sustainable" requires rigorous quantitative 

validation, not merely adherence to circular economy principles. 

To this end, this study applies a cradle-to-gate Life Cycle Assessment (LCA) framework (ISO 

14040/14044), using the Environmental Footprint EF 3.1 methodology across 16 impact categories 

and a functional unit of 10 m² of protective coating coverage. Conducted within the Italian PNRR-

PRIN "BIO-COATCH" project, the study evaluates four systems: two novel cutin-based formulations 

- a polyurethane (CUT PU) and a polysiloxane hybrid (CUT PSH) - benchmarked against their closest 

fossil-based market equivalents, selected for chemical and functional similarity: Multi Matt Clear 

Lesonal® as a fossil-PU reference and Incralac® as a fossil-acrylic reference. 

Across all 16 impact categories, cutin-based coatings consistently outperformed their conventional 

counterparts. Both formulations achieved substantial reductions in climate change impact. Network 

contribution analysis identified solvent evaporation as the dominant hotspot, accounting for nearly 

half of climate change impacts across bio-based systems, and pointing directly to the most actionable 

lever for improvement. 

 

 

References 



  

 
 

XXII Congresso Nazionale della Divisione di Chimica dell'Ambiente e dei Beni Culturali 
Palermo, 16-19 Giugno 2026 

[1] Buratti, E., et al., 2024, ACS Sustainable Chemistry and Engineering, 

https://doi.org/10.1021/acssuschemeng.3c06052 

  



  

 
 

XXII Congresso Nazionale della Divisione di Chimica dell'Ambiente e dei Beni Culturali 
Palermo, 16-19 Giugno 2026 

ORAL  

 

Environmental Trade-Offs Between Essential Oil and Quaternary Ammonium Biocides in 

Cultural Heritage Conservation 

A. Macchia1, C. Zaratti1,2*, B. Paolino3, A. Canini4, S.A. Ruffolo5, M.F. La Russa5, F. Valentini2 and 

F. Prestileo6  

1YOCOCU APS-Youth in Conservation of Cultural Heritage, Via Tasso 108, 00185 Rome, Italy 
2Sciences and Chemical Technologies Department, Tor Vergata University Rome, Via della Ricerca 

Scientifica 1, 00133 Rome, Italy 
3National Museums of Siena, Italian Ministry of Culture, Via di San Pietro 29, 53100 Siena, Italy 

4Laboratory of Archaeobotany DAPHNE (Diet, Ancient DNA, Plant-Human Nexus, and 

Environment), Department of Biology, Tor Vergata University, Via della Ricerca Scientifica 1, 

00133 Rome, Italy 
5Department of Biology, Ecology and Earth Sciences (DiBEST), University of Calabria, 87036 

Arcavacata, Italy 
6National Research Council-Institute of Atmospheric Sciences and Climate (CNR-ISAC), Via del 

Fosso del Cavaliere 100, 00133 Rome, Italy 

* Email: camilla.zaratti@students.uniroma2.eu  

 

Abstract 

Biocidal treatments are widely employed in cultural heritage conservation to control biodeterioration 

processes. Quaternary ammonium compounds (QACs) have traditionally dominated this field due to 

their broad-spectrum antimicrobial efficacy and ease of application. However, increasing evidence 

highlights their environmental persistence, aquatic ecotoxicity, and role in antimicrobial resistance 

development. In this context, plant-derived essential oils (EOs) have emerged as promising bio-based 

alternatives, though their environmental performance remains insufficiently quantified. This study 

presents a comparative Life Cycle Impact Assessment (LCIA) of EO-based and QAC-based biocidal 

formulations applied in representative conservation scenarios. The analysis follows ISO 14040/14044 

standards and the Environmental Footprint 3.1 methodology, integrating USEtox® 2.1 

characterization factors. Three functional units were adopted to capture different system perspectives: 

formulation-based, surface-based (1 m2 treated to ≥ 99% microbial reduction), and intervention-

based. Results reveal a systematic environmental trade-off between the two biocide classes. EO-based 

formulations exhibit significantly lower impacts in toxicity-related categories, with reductions of 82-

89% in freshwater ecotoxicity and human toxicity compared to QAC-based systems. Conversely, EO-

based treatments show higher climate change impacts, primarily due to energy-intensive extraction 

processes, with an increase of 32% under performance-based normalization. Sensitivity and Monte 

Carlo analyses confirm the robustness of toxicity advantages (p > 99%), while climate-related results 

remain strongly dependent on production conditions and energy mix. Scenario analysis demonstrates 
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that EO-related climate impacts can be substantially mitigated through process optimization and 

renewable energy integration, potentially achieving environmental parity or superiority relative to 

QAC-based systems. In contrast, toxicity impacts associated with QACs are largely intrinsic to their 

chemical structure and less amenable to mitigation. These findings support a context-dependent 

transition toward EO-based biocides in cultural heritage conservation, particularly in environmentally 

sensitive settings. The study highlights the importance of adopting multi-criteria life cycle approaches 

to inform sustainable conservation strategies.  

 

Figure 1. Sensitivity and uncertainty analysis results (FU2: 1 m2 treated). Blue bars indicate impact 

reduction; red bars indicate impact increase.  
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Plastics were the main materials used for food packaging for decades due to their versatility. However, 

their environmental impact has prompted strong criticism. In Europe, regulations and national 

policies have accelerated the shift toward alternative materials. At the same time, consumers 

increasingly equate sustainability with “plastic-free” or “natural” packaging, favoring materials like 

paper, plant fibres, and bioplastics. As a result, substitutes have rapidly expanded. This study 

evaluated the environmental impact of the actual scenario of plastic and non-plastic use in single-use 

food packaging. The two scenarios were modelled based on the plastic market demand scenario and 

on a market analysis conducted in Spain for the non-plastic one. A Life Cycle Assessment was 

conducted for the scenarios using the Environmental Footprint 3.1 impact assessment method, with 

a functional unit of 1 Kg of material. The results (Figure 1) revealed that the plastic scenario has an 

impact 3 times higher than the non-plastic one. Despite this, in some impact categories, i.e., 

freshwater eutrophication and land use, the non-plastic scenario has impacts 2- and 20-fold higher 

than the plastic one, respectively. These results showed that the non-plastic scenario has a lower total 

environmental impact, but in some respects, it is not yet truly sustainable. 

 

Figure 1. LCA results by EF method, expressed as uPt. 
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Nitrogen management in wastewater treatment has traditionally relied on biological removal, which 

conflicts with circular economy principles. This study investigates ammonium recovery from 

digestate sludge using hydrophobic membrane contactors to produce crystallized salts ((NH₄)₂SO₄, 

NH₄NO₃, (NH₄)₃PO₄) suitable for slow-release fertilizers (Figure 1).  

Figure 1. Overall process scheme a) open loop mode and b) closed loop mode pilot plant 

The tests were carried out using an open/closed-loop membrane contactor [1,2] to evaluate the 

performance of the hydrophobic module under specifically operating conditions. The effects of flow 

rate and acid type (H₂SO₄, HNO₃, H₃PO₄) on mass transfer and salt formation were evaluated. Higher 

feed velocities enhanced flux up to 400mmolN-NH3∙m⁻²∙h⁻¹, while lower rates improved transfer 

efficiency. At lower acid concentrations (0.05–0.10 mol∙L⁻¹), almost complete acid neutralisation 

occurred, leading to the formation of completely neutralised salts such as (NH₄)₂SO₄. In contrast, 

higher acid concentrations (0.50mol∙L⁻¹) favoured the persistence of partially protonated species 

(NH₄HSO₄, (NH₄)H₂PO₄), reflecting incomplete neutralisation. This behaviour was less evident for 

HNO₃, whose single dissociation and limited buffering capacity resulted in minor variations in the 

tested range. A pilot-scale closed-loop unit developed within the ELLIPSE initiative will now enable 

continuous operation under realistic conditions, offering insights into long-term issues such as 

fouling, water transport, and acid consumption. Conducted within the European ELLIPSE initiative, 

this work demonstrates an efficient route for nitrogen recovery through membrane-assisted recovery 

of stable ammonium salts. 
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Food waste represents a persistent sustainability challenge within agri-food systems, undermining 

environmental, economic, and food security objectives. Globally, food systems are responsible for 

roughly one-third of greenhouse gas emissions [1]. Along the supply chain, substantial fractions of 

edible biomass are lost during primary production, handling, and storage (food loss), or discarded at 

the processing, retail and consumption stages (food waste). Despite extensive attention to these 

physical losses and their impacts along the food supply chain, much less emphasis has been placed 

on invisible forms of food waste occurring when food is produced, processed, and consumed in 

quantities exceeding nutritional needs, so-called metabolic food waste (MFW). Although the 

Mediterranean diet is acknowledged as one of the most sustainable and health-promoting dietary 

patterns globally, adherence to this diet has declined in recent decades [2], and excessive food intake 

and consequently obesity remain a prominent issue of national concern in Italy. In this study, we first 

estimate the quantity of MFW generated in Italy for the year 2023 based on national statistics of the 

prevalence of obesity and overweight among the male/female population over 18 years old, and the 

average dietary pattern of Italian citizens. Then, developing a Life Cycle Assessment (from cradle to 

mouth), we calculate the associated carbon footprint of this excess food intake, that is food consumed 

in excess with respect to a normal-weight population. Results show that MFW significantly 

contributes to greenhouse gas emissions in Italy. The ultimate objective is to emphasize the need to 

consider MFW within the broader framework of food waste management and resource efficiency, and 

to reinforce the importance of integrating this invisible form of waste not only into public health but 

also into sustainability policies. 
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In recent years, growing attention has been devoted in the field of built heritage conservation to the 

sustainability of conservation treatments. In addition to technical performance criteria (efficacy, 

compatibility and durability), the selection of conservation materials is increasingly incorporating 

sustainability metrics. However, even if cycle assessment (LCA) is a widely recognized methodology 

for the quantitative evaluation of environmental burdens, its application in the field remains relatively 

recent and still underdeveloped. 

Within this context, this study presents the application of LCA to a set of innovative protective 

coatings developed in the PRIN project SECURE-COATS, specifically designed for the conservation 

of stone cultural heritage. The investigated treatments are multifunctional coatings that combine 

consolidating and anti-fouling properties. The consolidating function is given by an aqueous 

diammonium hydrogen phosphate (DAP) solution, which induces the in-situ formation of 

hydroxyapatite on the treated substrate, while the anti-fouling function is added through two 

alternative functionalization strategies: (i) metal oxide-based systems, obtained either via in-situ 

formation of ZnO nanoparticles by adding ionic precursors to DAP or through the application of 

preformed ZnO@SiO₂ nanostructures; and (ii) silica-encapsulated essential oils (e.g., lavender, thyme 

and cinnamon), selected for their antimicrobial properties and processed to enhance stability and 

reduce volatility.   

The environmental performance of these solutions is assessed through an ex-ante LCA approach, 

aimed at estimating the impacts of a prospective commercial process starting from laboratory-scale 

protocols. The system boundaries include raw material production, synthesis of the coatings, and their 

application on stone substrates, with a functional unit defined as 1 m² of treated surface. Life cycle 

inventories are built through: (i) a conceptual scale-up of laboratory procedures into representative 

industrial process schemes, supported by mass and energy balances, and (ii) an experimental 

campaign aimed at quantifying the impacts of the application phase for the defined functional unit.  

The results highlight that the addition of antimicrobial agents introduces only a limited environmental 

burden compared to the base DAP treatment, lower than 30% on all the considered impact categories. 

The overall environmental footprint of the multifunctional coatings remains lower than that of 
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conventional commercial consolidants, such as ethyl silicate or nano-lime treatments, here assessed 

as benchmarks. In addition to demonstrate the environmental compatibility of the innovative coatings 

integrating multiple functionalities that are typically not available in traditional treatments, the study 

provides a methodological approach coupling dedicated experimental tests, process modelling and 

LCA to bridge the gap between conservation science and sustainability assessment.   
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The modern regulatory framework provided by the European Directive 2024/3019 on urban 

wastewater treatment places significant emphasis on the elimination of contaminants of emerging 

concern (CECs), such as perfluorinated and polyfluorinated compounds (PFAS), pharmaceutical 

compounds (PhCs), and personal care products, promoting the revamping of wastewater treatment 

plants (WWTPs) through the implementation of additional quaternary purification stages based on 

adsorption and/or advanced oxidation treatments. At the same time, Directive 2024/3019 calls for 

new approaches to the management of WWTPs, promoting the reuse of treated wastewater and 

sewage sludge, requiring the latter to be considered a resource rather than waste. One possible strategy 

to meet the requirements of the aforementioned Directive is to convert sludge into biochar through 

pyrolysis, attempting to implement a material suitable to be used as an alternative adsorption substrate 

to activated carbon, traditionally used for refining the quality of treated wastewater before its 

discharge in surface water or reuse. To this end, biochar should be characterized by a high specific 

surface area (SSA) and the presence of appropriate functional groups, thus being able to (i) provide 

a high adsorption capacity towards organic matter in general and specific CECs and (ii) represent an 

ideal support for the colonization of microorganisms responsible for the degradation of organic 

matter, as well as for the implementation of nitrification and denitrification processes. Based on the 

aforementioned considerations, in this study two biochars were produced using a pilot-scale pyrolysis 

unit developed in a previous research [1], then chemically and thermally activated, and characterized 

in accordance with the European standard EN 12915-1:2009, which includes the determination of 

water extractable elements and polycyclic aromatic hydrocarbons, ash content, and SSA. The 

biochars were then integrated in pilot-scale column filtration systems (CFS), which were fed with the 

effluent from the clariflocculation stage of a WWTP operating in a mixed domestic-industrial textile 

context, thus acting as quaternary treatments. CFS influent and effluent wastewaters were monitored 

for (i) conventional water quality parameters, (ii) absorbances at 254 nm and 420 nm, (iii) elements 

included in the EN 12915-1:2009, (iv) thirty-nine PhCs introduced by 2015-2022 European “watch 

lists”, and (v) twenty-four PFAS included in the European Directive 2020/2184 and the Italian 

Legislative Decree 18/2023. Biochar-based filtration systems provided a statistically significant 

improvement in the removal of all investigated parameters, albeit to varying degrees, thus 

demonstrating the effectiveness of biochar produced with 100% sludge as a standalone adsorbent for 

wastewater depuration from both conventional parameters and emerging contaminants. 
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Volatile organic compounds (VOCs) represent a major concern in industrial gaseous effluents, 

particularly in sectors such as coatings and paints, printing, and adhesives. While adsorption is one 

of the most widely adopted technologies for VOC abatement, regeneration of spent adsorbents 

remains insufficiently investigated, limiting process sustainability and material lifetime [1]. 

Developing regenerable and low-energy adsorption systems is therefore crucial for more sustainable 

air pollution control strategies. Carbon-based materials, the most widely used industrial adsorbents, 

often require energy-demanding regeneration processes. Among emerging alternatives, modified 

clays and organoclays have attracted increasing attention as sustainable adsorbent materials. 

Halloysite nanotubes (HNTs), in particular, exhibit significant adsorption capacity toward various 

organic compounds in both liquid and gas phases [2]. In this work, we developed composite 

adsorbents based on green, highly available, and low-cost materials – HNTs and alginate biopolymer 

– using a scalable and low-energy process. The resulting macroscopic beads are mechanically robust, 

with tunable HNT content up to 95 wt%. Vapor-phase adsorption performance was evaluated using 

industrially relevant alcohols and esters. Adsorption kinetics were investigated under both dry and 

humid conditions to assess performance in more realistic conditions. Surface modification of the clay 

with a copolymer proved effective in mitigating interference from water vapor. Adsorption capacity 

values up to 180 mg g-1 were achieved, with performance strongly dependent on HNT content due to 

the increase in accessible surface area. Notably, the presence of an inorganic HNT skeleton prevents 

structural collapse during vacuum treatment, enabling regeneration under mild conditions (room 

temperature and low vacuum). The materials withstand multiple adsorption–desorption cycles, 

extending their useful lifetime beyond that of conventional high-capacity adsorbents such as activated 

carbon and supporting their potential application in sustainable VOC mitigation strategies.   
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The increasing contamination of water resources by heavy metals poses significant environmental 

and public health challenges, requiring the development of sustainable and efficient remediation 

technologies. In this context, adsorption processes based on low-cost and eco-friendly materials 

represent a promising solution within the circular economy framework [1-3]. 

This study investigates the synthesis and application of hydroxyapatite-based adsorbents derived 

from aquaculture waste, specifically mollusc shells (Queen scallop and Pacific oyster), through a 

calcination-free process [1]. The obtained materials were characterized in terms of phase composition 

and morphology and tested for the removal of cadmium ions from aqueous solutions. 

The results demonstrate that the synthesised hydroxyapatites exhibit excellent adsorption 

performance, with rapid kinetics reaching equilibrium within 5 minutes and high adsorption 

capacities up to 334.9 mg g⁻¹ [1]. 

These values are significantly higher than many other waste-derived adsorbents reported in the 

literature. Structural analyses reveal that cadmium removal involves not only surface adsorption but 

also the formation of stable solid phases, indicating the material’s ability to immobilize the 

contaminant [1]. 

Overall, the proposed approach highlights a sustainable pathway for the valorisation of aquaculture 

waste into high-performance adsorbent materials. The combination of low-cost raw materials, mild 

synthesis conditions, and high removal efficiency makes these hydroxyapatites promising candidates 

for practical applications in wastewater treatment and environmental remediation. 
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Greenhouse gas (GHG) emissions accounting is increasingly important for agri-food enterprises, as 

it enables the quantification of environmental impacts, the identification of key emission sources, and 

the definition of mitigation actions. It is also essential to meet reporting requirements and remain 

competitive in sustainability-driven markets. Scope 1 and Scope 2 emissions provide the foundation 

for a reliable corporate GHG inventory. Scope 1 covers direct on-farm emissions, including fuel 

combustion, fertilizer use, crop residues, fermentation processes, and fugitive emissions, while Scope 

2 accounts for indirect emissions from purchased electricity and thermal energy. 

GHG quantification remains challenging for small and medium-sized enterprises (SMEs) due to 

limited data, lack of technical expertise, and resource constraints. To address these barriers, this study 

presents a digital calculator developed for Italian SMEs operating in the wine, olive oil, and cereal 

supply chains. Developed within the Agritech project (PNRR) and integrated into the ESG4AGRI 

platform, the tool is freely available to registered companies.  

The calculator is modular and progressive, offering different levels of detail and accuracy depending 

on data availability.. This design ensures accessibility for both enterprises with minimal data 

availability and those with more advanced data management capabilities. Outputs include tables, 

graphical visualizations, a structured data summary, and a standardized report to support 

communication with external stakeholders. 

Pilot testing with selected companies confirmed usability and the effectiveness of support features, 

including guidance materials, chatbot assistance, and validation systems. The calculator and its 

outputs were subsequently evaluated for alignment with GHG Protocol requirements. 

Overall, the tool provides a flexible and robust solution that lowers entry barriers to GHG accounting 

while enabling progressive improvements in data quality and analytical depth. By accommodating 

different levels of data maturity, it promotes wider adoption of standardized practices, facilitates 

SMEs’ integration into climate mitigation and sustainability reporting, and supports initial steps 

toward environmental certification and more advanced sustainability management systems. 
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In the Biblioteca Lucchesiana of Agrigento there is a display case that originally contained 142 

reproductions showing the obverse and reverse of 71 coins (see in the figure front and back of three 

examples). Alongside it is a wooden coin cabinet that no longer preserves any of the historic coins 

once belonging to Bishop Lucchesi Palli’s collection. No documentation survives in the Library’s 

Archive regarding the provenance of the display case or its possible connection to the original 

collection. The only initial clue was an internal label reading “Agrigentine coins (galvano-plastic) 

that are in the British Museum”, indicating that these are electrotype copies of originals held in the 

British Museum’s numismatic collection, produced through galvanoplastic techniques. 

Archaeometric investigations therefore proceeded through a synergistic study that combined 

numismatic and chemical analyses. The numismatic work involved identifying the specimens in the 

case and comparing them with the coins preserved in London British Museum. Furthermore, the study 

of the coin finds has allowed us to reconstruct the structure of the Lucchesi Palli numismatic 

collection and the dynamics of its dispersion. The chemical analyses, aimed at determining the 

composition of the replicas and the production technique, progressively supported the numismatic 

deductions through targeted methods capable of identifying both elemental composition and spatial 

distribution, as well as detecting features and micrometric residues from the preparation process. This 

multi-analytical approach demonstrated that the objects are electrotypes obtained through a process 

involving wax and clay moulds, followed by the galvanic deposition of the same metal as the 

originals; the resulting shells were then filled with lead. These findings allowed the recognition of 

precise correspondences between the electrotypes and specific British Museum originals. More 

broadly, this study underscores the value of archaeometry as a bridge between chemistry and 

numismatics, offering a powerful interdisciplinary tool for reconstructing lost histories and resolving 

uncertainties surrounding cultural collections. 
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Several studies have demonstrated the crucial role of metal ions in the film formation, long-term 

stability and mechanical behaviour of oil paint films [1]. However, limited research has addressed 

how certain pigments can influence adjacent paint layers, affecting drying and stability. The present 

study suggests that metal ion migration, conventionally interpreted as the vertical movement of 

mobile compounds from the ground layer to the painted surface, can also occur transversely between 

adjacent colour areas [2].  

To investigate this phenomenon, an innovative application of chemical imaging techniques was 

carried out: high-resolution field-emission scanning electron microscopy coupled with energy-

dispersive X-ray spectroscopy (HR-FESEM-EDX) and Ion Mobility combined with desorption 

electrospray ionisation mass spectrometry imaging (IMS-DESI-MSI) were employed. 

The objective of this study is to determine the spatial distribution of the organic oil fraction and 

elements from pigments across the interfaces of oil paint in side-by-side paint films in order to 

understand how Pb²⁺ diffuses through adjacent oil-paint films. For this purpose, different sets of 

mock-ups were prepared in collaboration with Golden Artist Colors Inc. (New Berlin, NY, USA).  

The present study focuses on white pigments, namely zinc (ZnO), titanium (TiO₂), and lead 

((PbCO₃)₂·Pb(OH)₂). Each set consisted of two oil paint layers, one of which was lead white oil paint 

cast adjacent to a second oil paint film made of the other mentioned whites. This configuration 

enabled the direct study of chemical interactions across a well-defined interface.  

The spatially resolved imaging data reveal intensity gradients of lead carboxylates extending across 

the interface in the adjacent zinc and titanium paint films. The results demonstrate the way Pb2+ 

diffuses through the binding medium of the adjacent paint film by “hopping” from one carboxylate 

group to another [3].  
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Temple F of Selinunte, as now known for Greek Templar architecture, had a lively polychromy; even 

today, in fact, this color, clearly visible to the naked eye, can be traced in the fragments of the cornice 

preserved at the Regional Archaeological museum "A. Salinas" in Palermo. This work proposes a 

methodology based on non-invasive physico-chemical diagnostics such as multispectral imaging 

techniques, X-ray spectroscopy (XRF), Fiber Optics Reflectance Spectroscopy (FORS), and Raman 

/SERS spectroscopy for the analysis of pigments and execution techniques. In particular, the study 

focuses on the use of the color green, quite rare in Templar colors, usually characterized by red and 

blue. 

Acknowledgements: Thanks to the Director of the Regional Archaeological Museum "A. Salinas" and the 

archaeological officials, in particular Dr. Alessandra Merra, for the authorization to carry out the study.  

D.G. thank European Union (Next-Generation EU), through the MUR-PNRR project SAMOTHRACE—Sicilian Micro 

and Nano Technology Research and Innovation Center (ECS00000022) 

 

 

References 

[1] Brecoulaki H. (2014) “Precious colours” in Ancient Greek polychromy and painting: material 

aspects and symbolic values, Revue Archéologique, 57 (1), pp. 3–35. 

https://doi.org/10.3917/arch.141.0003. 

[2] Bracci, S., Magrini, D., Bartolozzi, G. (2019), Painted or not painted? Discovering color traces of 

ancient stones, Color Culture and Science Journal, 11 (1), pp. 47–56. doi: 10.23738/CCSJ.110106. 

[3] Giuffrida D., Spadaro D., Strano V., Trusso S., Saladino M. L., Armetta F., Ponterio R.C. (2025), 

Eco-sustainable and flexible SERS platform based on waste cellulose decorated by Ag nanoparticles, 

Materials Chemistry and Physics, 329, 130061. ISSN 0254-0584, 

https://doi.org/10.1016/j.matchemphys.2024.130061 

 

https://doi.org/10.1016/j.matchemphys.2024.130061


  

 
 

XXII Congresso Nazionale della Divisione di Chimica dell'Ambiente e dei Beni Culturali 
Palermo, 16-19 Giugno 2026 

POSTER  

 

Historical natural binders and metal soaps formation in presence of copper pigments: insights 

with FTIR Analysis 

A Piccirillo1*, E. Da Re2, T. Poli2, F. Pozzi1 and D. Scalarone2 

1 Centro per la Conservazione ed il Restauro dei Beni Culturali “La Venaria Reale”, Via XX 

Settembre 18, 10078 Venaria Reale, Torino, Italia  
2 Dipartimento di Chimica, Università di Torino, Via Giuria 7, 10125 Torino, Italia 

* anna.piccirillo@ccrvenaria.it 

This work examines saponification phenomena in model systems containing copper-based pigments 

and lipid binders of different origins, including animal-derived materials (fats, beeswax) and plant-

based media (linseed oil). Such binders, widely employed in historical artistic practices and 

commonly identified in archaeological contexts, are prone to degradation through interactions 

between copper ions and fatty acids, resulting in the formation of metal soaps that may compromise 

the stability of artworks. 

 

Model systems were prepared by mixing ten copper pigments with a range of natural historical 

binders, including the extensively studied drying oils. The samples were exposed to natural and 

accelerated ageing conditions. Their chemical evolution was followed by FTIR spectroscopy to detect 

saponification products and assess their development over time. 

 

The results reveal clear differences related to binder type: both the kinetics and extent of metal soap 

formation, as well as the response to ageing, depend strongly on the nature of the organic medium. 

Systems containing lard and beeswax show more rapid and pronounced formation processes 

compared to those based on linseed oil. 

 

Overall, these findings improve the understanding of degradation mechanisms in copper-based 

pictorial materials and support the advancement of diagnostic approaches and preventive 

conservation strategies in the field of cultural heritage 
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Despite the well-known susceptibility of photographic emulsions to microbial contamination [1], the 

effectiveness of cleaning treatments remains insufficiently explored. This study investigates the 

cleaning of mould-contaminated gelatine dry-plate negatives, assessing the effectiveness of both dry 

cleaning alone and in combination with a hydroalcoholic solution using a multi-analytical approach 

based on non-invasive optical techniques. In this context, a novel acquisition setup for Reflectance 

Imaging Spectroscopy (RIS), specifically designed for glass plate negatives [2], was developed, 

enabling, for the first time, multispectral measurements and quantitative monitoring of colour 

variations across the entire surface of the object. The RIS analysis was integrated with Optical 

Coherence Tomography (OCT), optical microscopy-based profilometry, and stereomicroscopy, thus 

providing a comprehensive and non-invasive methodology for monitoring the cleaning process. The 

results indicate only partial removal of mould from the emulsion layer, yielding important insights 

for conservators and highlighting the importance of preventive strategies against biological 

contamination. 
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This research focuses on the study of Roman writing tablets recovered from the seabed of Marausa, 

found within the remains of a Roman shipwreck. The tablets, preserved in extremely fragmentary 

condition, display extensive wooden degradation caused by prolonged submersion and aging. High-

resolution photography and multispectral imaging were applied to document and analyze their surface 

features. Infrared reflectography revealed the distribution of an absorptive material across the tablet 

surfaces, highlighting areas where the wood had thinned due to deterioration and others where faint 

incised traces, likely corresponding to writing, became discernible. To enhance the visibility of these 

inscriptions, raking light photography was performed from multiple angles. The resulting shadow 

mapping enabled the reconstruction of surface micro-reliefs, making engraved characters perceptible 

despite their absence to the naked eye. A small sample of the absorptive material was removed for 

chemical characterization through mass spectrometry, which confirmed the presence of pine tar. This 

multi-analytical approach demonstrates the potential of integrated imaging and compositional 

analysis to recover otherwise inaccessible textual information from highly degraded underwater 

archaeological materials. 

This research study is part of the SCIENTIFIC COLLABORATION AGREEMENT implementing the 

Memorandum of Understanding dated 17.09.2021 (record no. 29/2021 of 23.09.2021, protocol no. 

7766), concerning activities related to diagnostic investigations within the PSC project “Patto per il 

Sud” 2014–2020, titled “Excavation, recovery and restoration of the shipwreck of Contrada Bulala 

– Gela (CL)”. The project is to be carried out in the territory of the Sicilian Region through 

cooperation between the University of Palermo – STEBICEF Department, and the Soprintendenza 

del Mare of the Regional Department of Cultural Heritage and Sicilian Identity, for the first year 

(03/03/2025 – 02/03/2026). 
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Textiles represent a significant cultural heritage domain but require specialized conservation due to 

their environmental sensitivity. Accurate material identification and chemical characterization are 

essential in archaeological, forensic, and industrial contexts. However, textile analysis is challenging 

because of high fiber variability and overlapping features among classes (e.g., linen and hemp). 

This study applies Optical Microscopy, one of the most applied techniques for textile identification, 

next to non-destructive spectroscopic techniques—Infrared as Attenuated Total Reflectance and 

External Reflection FTIR (ATR and ER-FTIR), Raman, and Fiber Optics Reflectance Spectroscopy 

(FORS)—to identify textile fibers in artworks such as tapestries and garments. Two datasets were 

analyzed: a reference set of raw fibers (animal and cellulosic) and a fabric set (Rubelli, Venice) 

including animal, cellulosic, and synthetic materials. Spectral data were compared to match raw and 

processed textiles. 

Optical Microscopy provided preliminary morphological identification, revealing features such as 

wool scales and cotton twists. Multivariate statistical methods—Principal Component Analysis 

(PCA) and Cluster Analysis—were applied to assess spectral discrimination and technique-dependent 

grouping.  

Based on statistical data, FTIR spectroscopy in External Reflection mode appears to be the most 

accurate for differentiating fabrics by chemical composition, including materials with similar 

compositions (such as hemp and linen). ATR mode allowed clear separation between cellulose-based 

and proteinaceous samples, but it failed to properly distinguish synthetic fibers, which typically have 

a well-defined, intense peak. Raman data, on the other hand, do not seem to be classifiable based on 

the chemical composition of the specimens, since proteinaceous, cellulosic, and synthetic samples all 

show very low variance according to the statistical study. Finally, FORS also demonstrated utility in 

distinguishing specimens by origin but seems less effective in differentiating fibers within the same 

group. This work provided insight into the strengths and weaknesses of each technique in accurately 

identifying fibers and mixed textiles. None of the tested spectroscopic methods could universally 

identify all textiles with complete certainty, but they showed promise within the tested dataset.  

Overall, no single technique achieved complete identification of all textiles. The study highlights the 

importance of a multi-analytical approach and emphasizes understanding the strengths and limitations 

of each method to improve textile characterization in cultural heritage research. 
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A medieval wooden road discovered in Łekno (Poland) in 2023, dated to the 15th century (Figure), 

represents a remarkable archaeological find uncovered during modern infrastructure works. The site 

required urgent interdisciplinary intervention to ensure documentation and preservation. 

This study investigates the preservation state and chemical composition of waterlogged wood from 

the road and a nearby butcher’s shop. The structure consists of four stratigraphic layers with recurring 

botanical taxa, enabling comparison of degradation across construction phases and wood species. 

A multi-analytical approach was applied, combining wet chemical analysis (for wood components 

quantification), analytical pyrolysis (Py-GC–MS, EGA–MS), and FTIR spectroscopy to characterize 

molecular composition and degradation processes [1]. 

Results show heterogeneous preservation, with deeper layers generally better conserved. A marked 

depletion of polysaccharides and relative lignin enrichment were observed, consistent with 

waterlogged wood degradation. Variations between layers highlight the influence of burial conditions 

and wood structure. 

These findings improve the understanding of degradation mechanisms in medieval waterlogged wood 

and support the development of analytical protocols for its assessment and in situ conservation. 

 

Medieval Wooden Road in Łekno (Poland) 

 [1] M. Fejfer, et al, 2022 Molecules https://doi.org/10.3390/molecules27165228 
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Sunscreens are essential for protecting human health from harmful UV radiation, which are associated 

to premature aging, DNA damage, and increased skin cancer risk. To overcome limitations in 

traditional formulations, innovative sunscreens are needed for providing superior protection against 

broad-spectrum UV radiation, offering better photostability, non-greasy textures, and eliminate white 

casts. In this context, within the HE SUNRISE project, the Safe and Sustainable by Design (SSbD) 

approach by EU-JRC1—aimed at evaluating the safety and sustainability of advanced materials 

(AdMa) from the earliest stages of innovation—was applied to assess and compare laboratory-

synthesized TiO2-based alternatives for sunscreen applications. The investigated AdMa included: (i) 

commercial TiO2 P25 nanoparticles (NPs), (ii) TiO2 NPs synthesized from titanium isopropoxide, and 

(iii) commercial TiO2 NPs declared <100 nm. All materials were functionalized with surfactin, with 

the aim of improving NP dispersibility, colloidal stability, UV performance, and safety, while 

enhancing sustainability. 

A comprehensive physicochemical characterization was performed to assess how material properties 

influence behavior and functionality. The results showed differences in in specific surface area and 

porosity among the AdMa alternatives and confirmed successful surface functionalization of TiO2 

with surfactin. Structural analysis revealed that only the third alternative exhibited a crystalline form 

compliant with current cosmetic regulations. Additionally, variations in colloidal stability were 

observed among the materials, particularly under different ionic strength conditions, as reflected in 

changes in particle size distribution and sedimentation behavior. 

Additionally to physicochemical characterization, preliminary performance assessment through SPF 

and UVA-PF testing indicated the third alternative as the most promising photoprotective feature; it 

was therefore selected for further in vitro (eco)toxicological evaluation. 

Overall, this study demonstrates the effectiveness of the SSbD framework in guiding the development 

and comparison of advanced materials for sunscreen applications. By integrating physicochemical 

characterization, functionality, and safety assessment at early design stages, SSbD enables informed 

decision-making and supports the development of safer and more sustainable UV filters. 
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Halloysite is a naturally occurring clay mineral characterized by a hollow tubular morphology, 

making it an attractive building block for the development of functional and biocompatible 

nanomaterials. Its unique structure enables the fabrication of a wide range of organic–inorganic 

hybrid systems and can be exploited to create nanoreactors for catalytic applications. In recent years, 

the selective oxidation of 5-hydroxymethylfurfural (HMF), a key biomass-derived platform molecule, 

into 2,5-furandicarboxylic acid (FDCA) has attracted considerable attention. FDCA is regarded as a 

sustainable alternative to terephthalic acid and a key precursor for the production of polyethylene 

furanoate (PEF), a bio-based polymer with the potential to replace PET. 

In this study, halloysite nanotubes were functionalized on their outer surface with organosilane 

molecules, such as AEAPTMS, to promote the immobilization of gold nanoparticles. The resulting 

hybrid nanomaterials were investigated as heterogeneous catalysts for the oxidation of HMF to 

FDCA. A combined computational and experimental approach was adopted to gain insights into both 

catalyst design and reaction mechanisms. Computational studies focused on the initial stages of the 

oxidation process using H₂O₂ as the oxidizing agent, as well as on the growth and stabilization of 

gold clusters on the halloysite surface. Experimentally, the work involved the optimization of gold 

nanoparticle loading onto functionalized halloysite nanotubes, leading to the development of efficient 

catalytic systems for biomass conversion. 
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AND TRACERS IN THE TOX-IN-AIR PROJECT 
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The water-soluble fraction of fine particulate matter represents the most reactive component and is 

directly involved in atmospheric and biological processes. The soluble fraction of PM₂.₅ was 

investigated at two different sites in Lecce: an urban site (MAGA) and an urban background site 

(ECO), during both winter and summer campaigns in detail to determine its sources and seasonal 

variability. 

Chemical characterization included: soluble and total elements determined by ICP-MS and ED-XRF, 

respectively; organic and elemental carbon (OC/EC) measured according to the EUSAAR2 protocol; 

anions, cations, and soluble sugars analyzed by HPIC; and WSOC/WSTN fractions measured using 

a TOC analyzer. 

The measured species account for about 71% of PM₂.₅, with organic matter and secondary inorganic 

aerosol being the dominant components. The soluble fraction shows a good ionic balance, with 

different behaviors among species: Na, Cl, and Br are almost completely soluble, whereas crustal 

elements and organic carbon exhibit lower solubility. Comparison between the two sites indicates that 

MAGA is characterized by higher concentrations of traffic tracers (EC, Cu, and succinate), while 

ECO shows greater abundance of crustal components and, particularly in winter, anhydrosugars 

indicative of biomass burning. For the first time in the area, the water-soluble organic nitrogen 

(WSON) fraction was quantified, accounting for 15–16% of the total soluble fraction, with 

comparable levels at both sites and marked seasonal variability. The insoluble fractions of Mg and K 

proved to be effective tracers of desert dust transport events, showing greater specificity than 

insoluble Ca. Metals of crustal origin display lower solubility than those derived from combustion 

sources. The analysis of the soluble fraction highlights a composition influenced by both secondary 

processes and primary sources, particularly biomass burning. The high solubility of many species, 

the significant presence of WSON, and the clear seasonality of anhydrosugars outline a chemical 

profile reflecting both local contributions and regional dynamics.  
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Cementitious materials, particularly cement and concrete, are indispensable in the global construction 

sector owing to their extensive utilization. Nevertheless, the manufacturing of Portland cement 

accounts for a significant fraction of anthropogenic CO2 emissions, thereby aggravating the ongoing 

climate crisis.[1] The cement industry, which is responsible for approximately 8% of global human-

induced CO2 emissions, faces a pressing challenge in balancing the increasing demand for 

infrastructure with the obligation for climate mitigation. As worldwide construction requirements 

continue to grow, the cement sector must accelerate its transition toward sustainable practices in order 

to align with international climate objectives.  

 

This contribution explores the role of CO2 capture by clinker. Portland cement clinker has been 

brought into contact with CO2 under both dry and wet conditions to enable its storage through mineral 

carbonation processes. The resulting CO2-bearing mineral phases have been detected, identified, and 

quantified using a range of analytical techniques, including TGA, XRD, solid-state NMR, and 

Raman/FT-IR spectroscopy. In addition, the role of mechanochemical activation during the 

interaction between clinker and CO2 has been explored to understand its influence on reaction kinetics 

and storage efficiency. Finally, the theoretical maximum amount of CO2 that can be stored in Portland 

clinker has been determined, ensuring that this incorporation does not compromise the Portland 

cement’s performance. 
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Emerging contaminants, particularly pharmaceuticals and personal care products (PPCPs), are a 

growing concern due to their widespread occurrence in aquatic ecosystems and the associated 

ecological risks [1]. These compounds enter the environment through multiple pathways, including 

wastewater treatment plant effluents, livestock farming, human and animal excretion, and improper 

disposal practices. Their persistence is further exacerbated by the limited efficiency of conventional 

treatment processes. Among the most critical issues is the development of antibiotic resistance, which 

can be promoted by the presence and accumulation of antibiotics in the environment [2]. In this 

context, this work aimed to develop a voltammetric method for the monitoring of pharmaceutical 

contaminants, using paracetamol (APAP) and ciprofloxacin (CPRO) as target analytes. Voltammetry 

was selected for its simplicity, versatility, low cost, and suitability for on-site applications with 

portable instrumentation. Initial investigations were performed on synthetic matrices spiked with the 

analytes, and subsequently extended to real samples, including pharmaceutical formulations (tablets 

and eye drops) and environmental matrices (river water). Measurements were carried out by square-

wave anodic stripping voltammetry using a glassy carbon electrode. Oxidation peaks were observed 

at 0.4–0.7 V for APAP and around 1.2 V for CPRO, employing phosphate buffer and acetate buffer 

as supporting electrolytes, respectively. Method performance was assessed in terms of accuracy, 

precision, and detection limits through comparison with reference techniques such as HPLC and UV 

spectrophotometry [3]. The results demonstrate that the proposed voltammetric method is competitive 

with conventional techniques and enables rapid in situ quantification of contaminants. The use of 

portable potentiostats offers promising opportunities for widespread environmental monitoring, 

allowing more frequent measurements and improved assessment of contaminant distribution and 

persistence in different environmental compartments. 
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One of the most consumed fish in the Mediterranean Sea is the Atlantic bluefin tuna (Thunnus 

thynnus), which has long supported coastal communities through traditional fishing activities (tuna 

traps) and remains a key resource for modern commercial fisheries. In this context, biomineralized 

tissues such as vertebrae provide information on elemental incorporation over the lifetime of 

individuals and offer insights into past environmental conditions and pollutant exposure. This study 

aims to evaluate differences in major (Ca, K, Mg, Na), trace (Al, Fe, Mn, Cu, Zn, Co, Cr, Ni, Se, Sn), 

and toxic elements (Hg, As, Cd, Pb) across biological tissues (gills, muscle, vertebrae, liver) from 24 

Atlantic bluefin tuna individuals belonging to three temporal groups (6 ancient, 6 historical, 12 

contemporary) for a total of 37 samples. Elemental concentrations were determined by ICP-OES 

(Agilent 5800) and TDA-AAS (DMA-1, Milestone) following microwave-assisted mineralization 

(MARS-5, CEM). Statistical differences among groups were assessed using the Kruskal–Wallis test 

followed by Dunn’s post hoc test with Bonferroni correction for multiple comparisons, while 

principal component analysis (PCA) was applied to explore latent clustering patterns. The results of 

the PCA show a clear separation among temporal groups, with vertebrae providing the strongest 

discrimination; in particular, ancient samples generally exhibit higher concentrations of both trace 

and toxic elements compared to historical and contemporary ones. A second PCA focused on tissue 

variability indicates the liver as the matrix with the highest overall elemental accumulation, consistent 

with its central role in metal metabolism and detoxification processes [1]. The observed patterns may 

reflect a combination of environmental and biological factors. Higher elemental concentrations in 

ancient samples could be partially explained by natural geochemical baselines and inputs prior to 

industrial era, as well as shifts in trophic structure and feeding ecology over time altering 

biomagnification pathways in marine food webs [2]. These findings provide new insights into long-

term trends in marine pollution and environmental variability, integrating geochemical proxies into 

the study of marine ecosystems across temporal scales, highlighting the value of combining 

biomineralized and soft tissues to reconstruct historical baselines. 
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Effective management of greenhouse gas (GHG) emissions at the local level requires tools capable 

of transforming complex data into actionable information for policy and operational decisions. 

Existing methods, such as Intergovernmental Panel on Climate Change (IPCC) Guidelines [1, 2], the 

Covenant of Mayors’ Sustainable Energy and Climate Action Plan (SECAP) methodology[3], and the 

Global Protocol for Community-Scale GHG Emissions Inventory (GPC) [4], offer different 

approaches in terms of sectoral coverage, transparency, and integration into municipal planning, yet 

they often fall short in supporting concrete local interventions. 

Building on these insights, a Decision-Oriented Framework was designed to transform community-

scale inventories into actionable tools for local climate management. The framework organizes the 

entire process as a continuous cycle, beginning with the collection and validation of emissions data 

according to IPCC and GPC principles to ensure accuracy and reliability. Based on this verified data, 

reduction targets are established in line with the SECAP methodology, engaging local stakeholders 

to align objectives with community priorities. These targets then inform the design of practical, 

evidence-based interventions, which are implemented and monitored over time. Through this iterative 

approach, inventories are not simply recorded but actively used to track trends, update data, and 

support strategic, informed decisions for local climate action. 

The Decision-Oriented Framework was piloted in the Municipality of Grosseto, Italy (~82,000 

inhabitants). The project included the compilation of multi-year GHG inventories following IPCC 

Guidelines and SECAP methodologies, and the use of predictive models to support the development 

of a GHG mitigation plan. Although the framework is still experimental and not formally certified 

under the GPC, it has demonstrated the ability to generate consistent and replicable data, highlighting 

its potential to inform local climate planning and guide strategic interventions. 
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Quarry lakes are water bodies that are formed from quarry excavation activities, mainly aimed at 

extracting inert materials like gravel or sand. Quarry lakes often play an important ecological role, as 

they are, for instance, habitats for animals and aquatic plants. These lakes can be exploited for 

mitigation of flood risks or recreational activities. Quarry lakes form where excavation intersects the 

phreatic surface, effectively representing environments where groundwater is directly exposed to 

sunlight. They are supplied by both groundwater flow and precipitation. It is thus important to 

understand the role of photochemical processes in quarry-lake water. Naturally occurring compounds, 

such as nitrate (a common contaminant of groundwater), nitrite and dissolved organic matter are able 

to absorb sunlight and produce transient reactive species (e.g., HO• and 1O2) which can react with and 

degrade several anthropogenic water contaminants as well as microorganisms (e.g., viruses and 

bacteria) [1]. The SCAVIS project (Studio della capacità di autodepurazione e valorizzazione dei 

laghi di cava per un utilizzo sostenibile delle risorse idriche) aims at investigating the potential use 

of photochemical processes occurring in quarry lakes to abate water contaminants and/or pathogens. 

The project focuses on quarry lakes located in the Piedmont region (NW Italy). It involves chemistry, 

geology, and microbiology research groups, highlighting the strong interdisciplinarity needed to 

investigate this subject. Indeed, the hydrological and geochemical features of groundwater recharging 

quarry lakes are important to quantify the dynamics of water in the lake (e.g., evaluating residence 

time) and, consequently, to evaluate the role that photochemical reactions have on the transformation 

of contaminants in these environments. Similarly, the microbiological composition of quarry-lake 

water has to be characterized to figure out how photochemistry can induce the deactivation of 

microorganisms in these water bodies.  

Finally, the results of this project will allow for an assessment of the potential exploitation of quarry 

lakes as nature-based basins for quaternary water treatment, and their related contribution to water 

management.  

References 

[1] D. Vione, M. Minella, V. Maurino, C. Minero. Chemistry A European J 2014, 20 (34), 10590–

10606. https://doi.org/10.1002/chem.201400413 

https://doi.org/10.1002/chem.201400413


  

 
 

XXII Congresso Nazionale della Divisione di Chimica dell'Ambiente e dei Beni Culturali 
Palermo, 16-19 Giugno 2026 

 

POSTER  

 

Bio-Fenton Based Treatment for the Removal of Organic Micropollutants from Wastewater 

 

Alessio Alfano*1, Paola Albanese1, Norbert Nemet2, Istvan Lagzi3, Federico Rossi1 

 

1University of Siena, Department of Physical, Earth and Environmental Sciences 
2Université libre de Bruxelles (ULB), Nonlinear Physical Chemistry Unit, Brussels, Belgium 

 3Budapest University of Technology and Economics, Faculty of Natural Sciences 

* a.alfano5@student.unisi.it 

The recent Directive (EU) 2024/3019 introduces the requirement of quaternary treatment in 

wastewater treatment plants serving >150,000 population equivalent (PE), highlighting the urgent 

need for the effective removal of organic micropollutants. Conventional treatment technologies are 

currently insufficient for their removal, particularly for pharmaceuticals, pesticides, household 

chemicals, microplastics, and synthetic dyes. 

In recent years, numerous innovative strategies have been developed based on both chemical and 

biological approaches for the removal of emerging contaminants. Chemical methods, such as those 

based on reactive oxygen species (ROS), although effective, present environmental and health-related 

drawbacks, whereas biological methods, despite being more sustainable, are limited by sludge 

production and reduced effectiveness toward toxic compounds. In this context, the present work 

proposes a treatment system based on the Bio-Fenton reaction, obtained by coupling the enzymatic 

activity of glucose oxidase (GOX) with the conventional Fenton process. The enzyme produces 

hydrogen peroxide (H₂O₂) in situ, which subsequently reacts with Fe²⁺ and Fe³⁺ to generate reactive 

oxygen species (ROS) (e.g., hydroxyl radicals, ·OH), promoting the oxidative degradation of organic 

pollutants up to complete mineralization into carbon dioxide and water. The enzymatic activity of 

GOX was characterized at different pH and temperature values; under optimal conditions, the kinetic 

constants Km (42.82 ± 3.30 mM), k₂ (2.08 ± 0.0044 min⁻¹), and Vmax ((93.00 ± 1.94) × 10⁻⁴ min⁻¹) 

were determined, and the potential applications in pollutant degradation processes (rate, robustness, 

and substrate dependence) were evaluated. Furthermore, using o-dianisidine and methyl orange as 

model substrates for organic dyes, the main operational parameters for field applications (pH, 

temperature, and reagent concentration) were assessed and optimized. In parallel, a kinetic model was 

developed, including both a purely enzymatic model and one extended to the entire Bio-Fenton 

system (enzymatic + chemical), useful for describing oxidation and inhibition phenomena and 

guiding experimental design. The system was finally tested on textile industry pollutants, in particular 

the azo dyes Reactive Black 5 (RB5) and Reactive Yellow 201 (RY201), demonstrating promising 

application potential, with removal efficiencies of 60–80% within the first 7 hours of reaction. 
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Glyphosate (Gly) is a globally used agricultural herbicide; however, its stability and high solubility 

make it a persistent contaminant and a potential threat to both surface and groundwater, with possible 

toxicological and carcinogenic risks to humans. Conventional water treatment methods are often 

unsuccessful for Gly removal. In this context, Metal-Organic Frameworks (MOFs) represent 

innovative and promising porous materials for the decontamination of glyphosate-contaminated 

water, due to their large surface area, structural stability, and tunable chemical functionality. This 

study focuses on the synthesis of iron-based (MIL-101) and titanium-based (MIL-125) MOFs for the 

abatement of Gly in natural water matrices. MIL-101(Fe) was synthesized via a solvothermal route 

and activated at 60 °C. This adsorbent was selected for its complexation capabilities of iron towards 

the phosphonate group of Gly. MIL-125(Ti), chosen for its stability in water, was functionalized with 

amino groups (–NH₂), at different percentages to enhance interaction with Gly. Additionally, the 

functionalized MIL-125(Ti) was incorporated with a photosensitizer, i.e. eosin, a photoactive organic 

dye capable of absorbing radiation in the UV–visible region. The adsorption kinetics of Gly were 

studied over 0.5-24 h under batch conditions at different Gly concentrations. The residual Gly 

concentration in solution was analysed by anion-exchange chromatography. MIL-101(Fe) showed 

exceptional efficiency in glyphosate removal via adsorption, since at the optimized solid-to-liquid 

ratio, removal efficiency achieved 99,83 ± 0,24 % after 24 h contact. Reusability tests demonstrated 

that the material maintained its optimal performance for at least four consecutive adsorption cycles. 

It is noteworthy that the MOF can be completely regenerated through the use of NaOH solutions. 

Promising results were also obtained with NH₂(30%)-MIL-125(Ti)-eosin. The addition of eosin, 

under UV-A irradiation, triggered a synergistic mechanism combining adsorption and 

photodegradation, as evidenced by the release of phosphate ions. The synergistic effect significantly 

increased the efficiency of the material, since the removal efficiency in the presence of eosin doubled 

within the first 3 hours in respect to the removal obtained in the absence of eosin. The presence of 

eosin ensures quantitative removal of Gly within 24 hours. 
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In recent years, growing attention has been directed toward the presence of persistent substances in 

aquatic environments, including metals [1] and emerging contaminants (ECs) [2]. Although, typically 

present at low concentrations, ranging from nanograms to few micrograms per liter, they pose a risk 

to both environmental and human health because of their persistence and biological activity. 

Nowadays, the development of cost-effective, bio-inspired, environmentally sustainable, and reusable 

absorbent materials has become an increasingly urgent priority. In this context, melanins from fungi 

have elicited particular interest due to their ability to bind trace elements and also organic molecules 

[3], such as methylene blue commonly found in wastewater from textile, printing, and cosmetic 

industries. In this work, an in-flow system using nylon and PES filters was studied for the removal of 

four drug families (fluoroquinolones, hormones, benzodiazepines, glucocorticoids), and metals. The 

filters were coated with DHN-melanin obtained in-situ via the oxidative polymerization of 1,8-

dihydroxynaphthalene. All the filters were characterized by several techniques, including XRPD, FT-

IR, SEM, DRS, and Raman spectroscopy to explain the differences in the removal efficiency.  In 

addition, we studied three different filtration configurations: benchtop filtration device, filter holder 

connected to syringe or peristaltic pump. The analytes were quantified using HPLC coupled with 

MS/MS or fluorescence detection.  

Both melanin-based filters showed rapid and efficient removal, with Nylon DHN-melanin filters 

outperforming PES one. 

The unique physicochemical properties of DHN-melanin filters, combined with their eco-friendly 

synthesis, high adsorption capacity, and reusability, position them as promising candidates for 

environmental remediation. Moreover, their ability to preconcentrate pollutants at ultra-trace levels 

opens new avenues for analytical and monitoring applications. Overall, this work contributes to the 

advancement of green technologies for water purification and offers a viable strategy to address the 

growing challenge of persistent contaminants in aquatic ecosystems. 
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Trace element analysis in biological samples is now a highly relevant tool in various fields, as it 

enables the assessment of human exposure to pollutants arising from anthropogenic activities. In this 

context, the results presented here are part of a Citizen Science project aimed at determining trace 

element concentrations in the hair of residents of Campania, selected based on different lifestyles, 

ages, and backgrounds. The main objective was to investigate possible correlations between 

environmental exposure sources and individual characteristics of the population. 

Overall, 148 hair samples were analysed following an accurate pretreatment protocol (washing with 

ultrapure water and acetone) and subsequent instrumental determination by ICP-MS. A total of 24 

elements were quantified, classified as essential (Ca, Co, Cr, Cu, Fe, K, Mg, Mn, Se, Mo, Zn) and 

non-essential (Ag, Al, As, B, Ba, Be, Bi, Cd, Ni, Pb, Tl, U, V). 

 

 
Figure 6: Gender-based distribution patterns 

The data were processed using statistical analyses and comparison of means in order to identify 

significant differences among the considered groups. The results showed generally lower 

concentrations than those reported in other Italian studies, although some variability among the 

analysed subgroups was observed. Among the investigated variables, gender-based comparison 

revealed one of the most pronounced differences, with distinct distribution patterns for several 

elements between male and female subjects. The elements exhibiting the greatest variability between 

the two groups were Ag, As, B, Be, Cd, Co, Mo, Ni, Pb, Se, and V (Figure 1). 
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The water-soluble fraction of fine particulate matter represents the most reactive component and is 

directly involved in atmospheric and biological processes. The soluble fraction of PM₂.₅ was 

investigated at two different sites in Lecce: an urban site (MAGA) and an urban background site 

(ECO), during both winter and summer campaigns in detail to determine its sources and seasonal 

variability. 

Chemical characterization included: soluble and total elements determined by ICP-MS and ED-XRF, 

respectively; organic and elemental carbon (OC/EC) measured according to the EUSAAR2 protocol; 

anions, cations, and soluble sugars analyzed by HPIC; and WSOC/WSTN fractions measured using 

a TOC analyzer. 

The measured species account for about 71% of PM₂.₅, with organic matter and secondary inorganic 

aerosol being the dominant components. The soluble fraction shows a good ionic balance, with 

different behaviors among species: Na, Cl, and Br are almost completely soluble, whereas crustal 

elements and organic carbon exhibit lower solubility. Comparison between the two sites indicates that 

MAGA is characterized by higher concentrations of traffic tracers (EC, Cu, and succinate), while 

ECO shows greater abundance of crustal components and, particularly in winter, anhydrosugars 

indicative of biomass burning. For the first time in the area, the water-soluble organic nitrogen 

(WSON) fraction was quantified, accounting for 15–16% of the total soluble fraction, with 

comparable levels at both sites and marked seasonal variability. The insoluble fractions of Mg and K 

proved to be effective tracers of desert dust transport events, showing greater specificity than 

insoluble Ca. Metals of crustal origin display lower solubility than those derived from combustion 

sources. The analysis of the soluble fraction highlights a composition influenced by both secondary 

processes and primary sources, particularly biomass burning. The high solubility of many species, 

the significant presence of WSON, and the clear seasonality of anhydrosugars outline a chemical 

profile reflecting both local contributions and regional dynamics.  
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The Environmental chemistry research group @ DSCF, University of Trieste had a coordination and 

representative role in Spoke 8 of the North East integrated Innovation Ecosystem [1], funded by Next 

Gen EU/PNRR through Italian Ministry of University and Research, dealing specifically with 

sustainability and digital technologies supporting innovation in coastal management and blue 

economy. Activities of iNEST Spoke 8 have been articulated in five research topics dealing with (1) 

biology of the hydrosphere, (2) physical, geological and chemical risks in coastal systems, (3) 

sustainable coastal transport, (4) planning of coastal sea-inland interactions, and (5) integration of 

heterogeneous information on biogeochemistry, marine traffic, in a digital twin of the Upper Adriatic 

Sea; besides partners as Universites of Padova, Venezia Ca’Foscari and IUAV, Trento, National 

Institute of Oceanography and Geophysical Sciences, Technological Pole Alto Adriatico-PTAA, Port 

Authority of Eastern Adriatic Sea, 48 companies and research centers received cascade fundings for 

nearly 8 M€ from University of Trieste on projects on Spoke 8 themes proposed by academic 

researchers. A space at the Urban Center of the municipality of Trieste, managed by PTAA, hosted 

the Lab village of iNEST Spoke 8, a place where R&D from companies meet University research 

groups for identifying routes for middle-long term innovation in coastal management and blue 

economy. 

In this context, experimental activities of the research group have been focused on the presence of 

micropollutants in waste water treatment plants, with focus on pharmaceuticals and Anti-Microbic 

Resistance (AMR) genes in bacteria. LC- Q-Orbitrap MS and chemoinformatic platforms (2 systems 

available) support non-target analysis of emerging contaminants [2], and antibiotics among them. 

Research by Next Generation Sequencing of in and out WWTP water samples, highlights in outlet a 

lowering of AMR genes (resistance to tetracyclines, beta-lactames, macrolides). WWTP data from 

non-target chemical analysis and from environmental genomics need to be integrated in data lakes 

and Coastal Digital Twins. 
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Since aquaculture is playing an increasingly important role in food supply, ensuring the healthiness 

of aquatic environments is a fundamental issue. 

Anthropogenic activities are often a source of contamination for water and, among the pollutants 

released, potentially toxic elements (PTEs) represent a well-known hazard to human health and 

ecosystem safety. In this study, carboxymethylcellulose-alginate (HY-ACMC), methacrylated-

chitosan (HYMCHI), and methacrylated-gelatine (HY-MGEL) hydrogels are tested as sorbents for 

PTEs removal [1]. 

The removal efficiency is significantly affected by pH and contaminants’ concentration. Furthermore, 

experiments in real aquaculture samples from Italy and Denmark farms are carried out to evaluate the 

matrix effect. Hydrogel regeneration is optimized and sorbent efficiency for multiple cycles of water 

remediation treatment is investigated. Finally, the biodegradability of the hydrogels and the potential 

impact on soil caused by the possible release of PTE from the biodegraded hydrogel were assessed 

using a specifically developed method. 

All tested materials show promising removal capabilities even in real water. HY-ACMC has proven 

to be the most effective for single-cycle remediation treatments thanks to its high performance in all 

the studied conditions, although it is unstable to regeneration. On the other hand, regeneration with 

Na2EDTA improves HY-MCHI efficiency, granting its prolonged employment over time. No impact 

on soil was observed in relation to the PTEs content, and it was observed that HY-MGEL was more 

effectively biodegraded over the time considered (58 days). 

Considering performances in real water samples, reusability and biodegradability results, HY-MGEL 

seems to be the most reliable material for multiple cycles of water remediation treatments. 

This research was funded from the European Union’sHorizon 2020 research and innovation program 

under the Marie Skłodowska-Curie grant agreement no. 101007578 (SusWater). 
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Rare Earth Elements (REEs), despite their name, are not truly rare in the Earth’s crust but are difficult 

to exploit due to their low concentrations in mineral deposits. Their strategic importance has 

significantly increased in recent years, not only because of their applications in advanced technologies 

and renewable energy, but also due to growing interest in the agro-food sector. In this context, REEs 

may enter agricultural systems indirectly through fertilizers and soil amendments, potentially 

affecting food safety. However, there is currently no specific European regulation establishing limits 

for these elements in food matrices . 

The main objective of this study is to investigate the distribution and transfer mechanisms of Rare 

Earth Elements and Heavy etals from soil to wheat, and to evaluate their potential as geochemical 

markers of origin. Wheat represents a matrix of particular interest, as a staple food widely distributed, 

whose elemental composition may reflect the geochemical characteristics of the cultivation area. [1] 

The study included the analysis of approximately 37 wheat samples, both durum and soft wheat, 

collected from different Italian regions. Samples were subjected to acid digestion using nitric acid 

and subsequently analyzed by Inductively Coupled Plasma Mass Spectrometry (ICP-MS), a highly 

sensitive technique for trace element determination. Preliminary results show significant variability 

in REE distribution depending on geographical origin, suggesting their potential use as indicators of 

provenance. Furthermore, normalization procedures were applied to correct for the Oddo–Harkins 

effect, improving the interpretation of geochemical patterns. [2] 

A further objective of the study is the integration of Artificial Intelligence (AI) and Machine Learning 

(ML) tools for data analysis. These approaches enable the identification of complex patterns, 

classification of samples based on elemental profiles, prediction of element distribution, and detection 

of anomalies. Particular attention is given to the development of resilient predictive models capable 

of ensuring reliability even in the presence of variability and noise in the data. 

In conclusion, this study proposes an integrated approach combining geochemical analysis and 

advanced computational tools to improve wheat traceability, support risk assessment related to rare 

earth elements and heavy metals, and contribute to the development of future regulatory frameworks 

in the agro-food sector. 
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The occurrence of pharmaceutical compounds in aquatic environments has become an environmental 

concern due to their continuous release, persistence, and ecotoxicological effects. Among these 

contaminants, anticancer drugs such as methotrexate (MET) and capecitabine (CAP) are of interest 

due to their high biological activity and increasing use in cancer therapies, which may lead to their 

presence in wastewater and surface waters [1]. 

In this context, this study investigates the adsorption of MET and CAP from aqueous solutions at pH 

5 using different carbonaceous materials. An alkali-activated biochar (BCB) obtained from Posidonia 

oceanica residues was developed and compared with the non-activated biochar (BC) and a 

commercial activated carbon (Filtrasorb 400, F400). Posidonia oceanica is a Mediterranean endemic 

seagrass forming underwater meadows with key ecological functions, including coastal protection 

and carbon sequestration. Large amounts of its dead leaves accumulate along coastlines (beaching 

phenomenon), generating management issues and interest in their valorization within a circular 

economy framework [2]. The conversion of this biomass into biochar represents a strategy to 

transform waste into a high value-added adsorbent material [3]. 

All adsorbents were characterized by physicochemical techniques to evaluate surface properties, 

porosity, and functional groups. Batch adsorption experiments were carried out to determine 

adsorption isotherms and investigate the kinetics of MET and CAP removal under controlled 

conditions. The comparison between BCB, BC and F400 allowed assessment of the effect of chemical 

activation and surface characteristics on adsorption performance. 

Preliminary results provide insights into adsorption behavior and highlight the potential of Posidonia 

oceanica-derived biochar as a sustainable and low-cost adsorbent for removing pharmaceutical 

contaminants from aqueous environments. This approach contributes to both water decontamination 

and biomass valorization, aligning with sustainability strategies. 
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In recent years, the evolution of chemical regulations has favored green and sustainable solutions, 

with the aim of achieving a toxic-free environment driven by sustainable processes and chemicals. 

The integration of artificial intelligence and new approach methodologies, such as in silico models 

based on quantitative structure-activity (property) relationships (i.e. QSA(P)Rs), into chemical 

management and risk assessment plays a pivotal role in shaping research in this area and in creating 

better tools to support the application of these models. In fact, manually applying QSA(P)Rs and 

evaluating their performance, applicability and reliability for predictive and screening purposes can 

be a complex and potentially error-prone task. Over the past few years, our research group has 

developed multiple freely available computational tools for predicting various properties based on 

molecular structure. In this poster, we present a new, multi-platform software called QSAR-ME 

Profiler 2025 which simplifies the application of more than 100 QSA(P)Rs developed by our research 

group since 2020. These are transparently reported with the original information, as well as the 

corresponding QMRF report. Predicted endpoints include environmental persistence, 

bioconcentration and biomagnification in fish, aquatic ecotoxicity to multiple organisms, soil 

mobility (Koc), human transthyretin (hTTR) disruption (T4-hTTR competing potency), in vitro and 

in vivo metabolic responses in mammals and fish (e.g. biotransformation half-lives and hepatic 

clearance in vitro), Global Warming Potential, Ozone Depletion Potential and Radiative Efficiency. 

In addition to QSA(P)R predictions, this software enables users to address chemical similarity, 

identify and profile metabolites, predict uncertainty, and evaluate the applicability domain for 

regression and classification models. The QSAR-ME Profiler 2025 applies available models to profile 

target chemicals as single entries or in batches. The molecular descriptors required to apply the 

models are automatically calculated by a dedicated library developed by our group and embedded in 

the software. Additionally, users can integrate and apply their own models within the software by 

providing the necessary descriptors to profile target chemicals using custom models. Summarizing, 

QSAR-ME profiler is a simple and effective tool to support hazard and risk assessment of chemicals 

starting from the knowledge of their molecular structure, as well as to screen chemicals, metabolites 

and alternatives to unsafe substances, in line with the Chemicals Strategy for Sustainability (CSS) 
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and the Safe and Sustainable by Design (SSbD) Framework proposed by the European Commission. 

QSAR-ME Profiler 2025 is available free of charge at https://dunant.dista.uninsubria.it/qsar/ 
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University of Palermo (UNIPA) possesses a great academic heritage composed of museums, 

naturalistic/historical sites and collections. The valorization of the UNIPA Heritage, which is 

managed by the University Museum Systems, represents a key point to support the cultural identity 

of Palermo city and citizenship. In this regard, numerous activities have been recently carried out by 

the historical collection of chemical instruments to disseminate the relevance of chemistry research 

evidencing its connection with the history of Palermo. 

The collection of chemistry instruments is located at Department of Physics and Chemistry E. Segrè 

in the Building 17 (entitled to Stanislao Cannizzaro) of the main UNIPA campus in Viale delle 

Scienze. It houses laboratory equipment and apparatus used by chemists at University of Palermo 

since the second half of the 19th century.  

Nowdays, the collection of chemistry aims to accomplish the mission of University of Palermo by 

Education, Research and Public Engagement actions. Within educational activities, the collection 

carries out fruitful collaborations with the UNIPA course of “Conservation and Restoration of 

Cultural Heritage”. As an example, the canvas portrait of Stanislao Cannizzaro (from the beginning 

of the XX century) was recently restored by the students within curricular internships. Laboratory 

activities within the teaching course “Drawing and graphic documentation” allowed to obtain three-

dimensional representation of the first model of spectroscope (developed by Kirkoff and Bunsen in 

1860), which is preserved in the collection.  

The collection of chemistry cooperates with INAF (Istituto Nazionale di Astrofisica) and the UNIPA 

PhD course “Physical and Chemical Sciences” supporting the research activities related to 

diagnostics and conservation of historical scientific instruments as well as to the monitoring of 

museum environments.  

Primarily, the collection is dedicated to public engagement though various cultural activities, which 

are aimed to disseminate the UNIPA Heritage to the entire community. In the last two years, the 

collection was visited by ca. 950 people that include mostly high school students (80%) from 

Palermo and surrounding villages, highlighting the value of the visits also for university orientation 

purposes. In addition, the collection is visited by high school students within national initiatives 

(“La Settimana STEM” and “La Settimana dello Studente”) supported by Ministry of Research and 

University and Ministry of Public Education and Merit.  
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Finally, the collection is an open site within social events, such as “Il Genio di Palermo” and “Il 

Festival” yearly organized by “La Fondazione Le Vie dei Tesori” with the support of University of 

Palermo. 
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 School of Arti Ornamentali is one of the four school of Arti e Mestieri (Arts and Crafts) of the 

Council of Rome, is often called San Giacomo since is located in an 1872 building on a land originally 

owned by Agostiniani Scalzi in via di San Giacomo (formerly via degli Incurabili) near the Hospital, 

called degli Incurabili, and the Church San Giacomo. School of Arti Ornamentali was founded in 

1885 with a starting name “Scuola Preparatoria al Museo Artistico Industriale” and was close to this 

museum (MAI) hosted in former convent San Lorenzo in Lucina. This latter included schools of arte 

applicata whose artworks were presented at national and international Expositions. In that period, 

training would start in the school of design for artisans (artieri), some would continue into the scuola 

preparatoria and the best would end in schools of arte applicata of MAI. 

 The “Dipartimento Scuola Lavoro e Formazione Professionale within the “Direzione 

Formazione e Lavoro di Roma Capitale” manages the schools. Others are named after the capomastro 

of the fabbrica di San Pietro, Nicola Zabaglia, botanic Ettore Rolli, the fourth is known as “Scienza 

e Tecnica”. All are devoted to lifelong education, were founded starting from 1871. 

 Over the years, schools of Arti e Mestieri have collected donations, among which, of great 

relevance, there are the vele from Palazzo Altoviti that was demolished in 1888. An agreement 

between the Council of Rome with former Ministero dell’Istruzione e delle Belle Arti in 1890 begin 

a journey ending with a new and definitive rearrangement of the frescos in the Sala delle vele (2025). 

 This new setting offers a perceptual and functional coherence improving the protection of the 

artworks. Documents show various but uncertain attribution of the XVI work of the 3 archi con velette 

(2 each) and the 3 lunette con velette (2 each) mentioning grotesques may be the work of Giovanni 

da Udine or Perin del Vaga.  

 Project Ad Opera follows the rearrangement made by the Council being the first step to a 

deeper and wider study on the school collection further than this archive research [1] to include an 

inventory and a photographic catalogue. 
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In this study, the development and assessment of mesoporous silica nanoparticles (MSNs) [1] loaded 

with essential oils [2,3] (BioTersus®, Exentiae srl, Italy) as a controlled-release biocidal system 

applied in situ on historical substrates is reported. The alcoholic formulation was tested on the 

monumental fountain of the Cloister of Santa Maria di Gesù (Palermo, Italy), affected by extensive 

biological colonization, including lichens, biofilms, mosses and ruderal plants. After preliminary 

biocidal cleaning, selected areas (15 × 15 cm) were treated by brush application (fig. 1, left), while 

adjacent areas were used as references. Microbiological monitoring was carried out after 6 and 12 

months through ATP bioluminescence, culture-based analyses on selective soils (fig. 1, right), tape 

sampling, and contact slide tests. After 12 months, treated areas showed lower ATP values and no 

significant microbial growth, with only sporadic fungal colonies attributable to airborne 

contamination. Occasional fungal colonies were observed in both treated and untreated areas, 

suggesting passive deposition rather than recolonization. No macroscopic biofilm or lichen regrowth 

was observed. The results demonstrate that the MSN-based system effectively limits microbial 

recolonization over time, ensuring prolonged biocidal activity, not altering historical materials   

 

    
Fig. 1 Brush application of the system (left); Sampling using sterile swabs (right)  

 

 

This research work is supported by the MUR-PNRR SAMOTHRACE Project (ECS00000022). 
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Abstract 

Glass surfaces, of both ancient and modern objects, are highly vulnerable to environmental 

degradation, and existing conservation strategies often rely on poorly reversible and chemically 

incompatible coatings that may compromise long-term preservation. Water (H+/H2O) is generally the 

primary factor affecting glass corrosion, as it interacts with the network-modifying elements of the 

glass matrix, such as alkali and alkali-earth elements, leading to an ion exchange process and 

hydrolysis reactions that result in the formation of corrosion products such as salts, carbonates, and 

hydrated alteration layers. In this work, an innovative protection treatment for glass based on amine-

functionalised dendritic mesoporous silica nanoparticles (DMSN-NH2) is presented. The aim of this 

approach is to protect the glass substrate through a non-invasive treatment that combines physical 

and chemical mechanisms to inhibit corrosion while preserving surface integrity. By designing the 

nanoparticles with specific physical and chemical properties, their deposition on the glass surface 

does not behave as an inert barrier but actively interacts with environmental agents, forming a reactive 

and sacrificial layer and limiting direct influence of the moisture and humidity on the glass surface. 

Besides the physical barrier, the amine functional groups provide additional protection through charge 

repulsion against hydrogen ions present in the environment, limiting further reactivity with the glass 

surface. The effectiveness of the treatment was demonstrated through artificial ageing experiments, 

supported by scanning electron microscopy (SEM) and time-of-flight secondary ion mass 

spectrometry (ToF-SIMS) analyses. SEM provided detailed information on the morphology, 

distribution, and stability of the nanoparticle layer on the glass surface, while ToF-SIMS allowed 

elemental distribution from the surface to deeper regions. These results demonstrate that this physical 

and chemical barrier effectively inhibits surface alteration of the underlying glass. The treatment can 

be removed and reapplied without detectable damage to the substrate. This work introduces a new 
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strategy for glass protection based on nanomaterials, offering a sustainable, adaptable, and 

conservation-compatible strategy with significant potential for the protection of heritage glass 

surfaces. 
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This study introduces a new generation of customizable chemical organogels composed by a 3D 
network and sponges of PolyDimethylSiloxane (PDMS) to be used as cleaning tools for the removal of 
foreign patinas from the surfaces of modern and contemporary works of art. These materials achieve 
high selectivity and control by leveraging their intrinsic porosity to physically confine solvents. This 
innovation provides a targeted, safe alternative for removing unwanted surface layers from sensitive 
artworks [1, 2]. 

w/o microemulsions were used to template the porosity of the PDMS sponges and assess the influence 
of droplet size and concentration on final structure. Rheological tests confirmed that all synthesized 
sponges exhibited predominantly solid-like properties (𝐺’ > 𝐺’’) across the investigated frequency 
range. Increasing the microemulsion content resulted in a decrease in both stiffness (𝐺’) and density of 
crosslinking; this effect id directly correlated to the higher pore fraction generated during curing. 
Moreover, it has been observed that sponges synthesized using as templating agent intermediate 
micelles (170 nm) displayed the highest stiffness and density. Correlation analysis confirmed a strong 
positive relationship between density and stiffness. Among the tested formulations, the 170 nm-series 
offered the optimal compromise between mechanical strength and porosity. X-ray microtomography 
confirmed that the porosity increased with microemulsion addition, although the mean pore size 
followed a non-linear trend due to factors like droplet coalescence and structural collapse.  

Preliminary cleaning tests on patinated Terracotta tiles confirmed the selective and effective removal of 
unwanted layers, with cleaning performance influenced by solvent polarity. Furthermore, 
semiquantitative FTIR-ATR analysis on Paraloid B72-coated canvas and panel mock-ups demonstrated 
a consistent, time-dependent, and progressive removal profile for both acetone and ethanol-loaded 
organogels. The latter achieved the highest final efficacy (more than 95% of patina was removed), 
confirming that the solvent-confinement mechanism successfully mitigates the risk of uncontrolled 
over-cleaning, offering a highly tunable and safe intervention modulated by contact time [3]. 
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Selective cleaning of paintings is a critical step in conservation practice, since the uncontrolled release 

of organic solvents may induce paint layers swelling and leaching of original or aged components 

1,2. Thus, the development of systems capable of modulating solvent delivery, while maintaining 

cleaning efficiency, is a key challenge in conservation science. This study investigates the use of 

nanostructured additives to control solvent realise during cleaning treatments. In particular, the work 

aims to evaluate the interaction of halloysite clay nanotubes (HNTs) and functionalized graphene 

oxide (GO) nanosheets with γ-valerolactone (GVL), a high-boiling-point solvent increasingly 

recognized as a sustainable alternative in conservation field. The goal is to understand and tune (by 

ad hoc chemical functionalization) how these nanomaterials influence solvent retention and release, 

thereby enabling a more controlled and selective cleaning action. The adopted methodology involves 

the preparation of GVL-loaded systems containing halloysite and graphene oxide derivatives, 

followed by physicochemical characterization to investigate solvent–nanomaterial interactions and 

release dynamics. Specifically, by thermogravimetric (TGA) and ATR-FTIR spectroscopic 

preliminary analysis, the interaction between GVL and nanostructured additives was explored. The 

capacity of gels systems to influence the release of GVL over time was studied through gravimetric 

measurements and solvent diffusion tests on paper, while the solvent residues into the paint layer after 

each cleaning treatment were evaluated by headspace solid-phase microextraction coupled with gas 

chromatography-mass spectrometry (HS-SPME/GC-MS). Preliminary data suggest that structural 

and surface properties of the investigated nanomaterials affect the confinement and release profile of 

GVL. These findings provide the foundation for the development of advanced solvent delivery 

systems.  

Acknowledgements: Green Strategies To Conserve The Past And Preserve The Future Of Cultural 

Heritage (GOGREEN) 
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Atmospheric particulate matter and its associated contaminants represent one of the most significant 

environmental and public health threats of recent decades. In this context, urban vegetation can serve 

as an effective biomonitoring tool for assessing the spatial variability of air pollution, particularly in 

areas not covered by conventional monitoring networks, since leaf surfaces, depending on their 

species-specific micro-morphological traits, efficiently intercept and retain airborne particulate 

matter. 

The present study aims to evaluate the potential of Quercus ilex (holm oak), identified as a key 

species for its high particulate capture efficiency. Additional Mediterranean species (Ceratonia 

siliqua, Arbutus unedo, and Viburnum tinus) were also investigated to expand the range of plants 

suitable for urban green infrastructure design. 

Leaf samples were collected at two urban sites in the city centre of Lecce (Italy) and at one 

suburban site located a few kilometres away. Samples were subjected to a standardized washing and 

vacuum filtration procedure to separate the insoluble particulate matter deposited on leaf surfaces 

from the soluble fraction [1,2]. A preliminary dataset (n ≈ 50) including trace metals and major ions 

was obtained. 

Multivariate analysis (PCA) indicates that leaf-deposited particulate reflects the influence of 

different emission sources, with a higher contribution of anthropogenic components in urban sites 

compared to the suburban site. Furthermore, Quercus ilex exhibited a greater capacity to accumulate 

particulate matter than the other investigated species. 
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Atmospheric particulate matter (PM) is rarely included in laboratory ageing methodologies due to its 

intrinsic spatiotemporal variability, limitations due to sampling methods and impossibility of isolating 

ambient PM from other environmental parameters. However, it is a non-climatic parameter that can 

induce materials degradation as well as soiling of surfaces. To overcome this gap, synthetic PM mix 

representative of the fine and coarse fraction of urban and non-urban PM10 was obtained. 

Soluble salts, insoluble terrigenous compounds and elemental carbon were ground up to the desired 

granulometry and mixed by taking into account their relative wt% in ambient PM, in order to 

reproduce the inorganic fine and coarse fraction of PM10. Subsequently dry deposition was simulated 

by employing an aerographer, thus allowing the controlled deposition of a set quantity of PM in a 

quick and easy way.   

For the present study, the synthetic PM mix was deposited on uncoated coupons made of quaternary 

bronze G85, an alloy frequently used in the Cultural Heritage field. Additionally, it was applied on a 

sample coated with a bio-based polymeric coating for comparison. They were then artificially aged 

in a climatic chamber simulating daily and seasonal T/RH/UV cycles and subsequently characterised 

with Raman spectroscopy for identification of the corrosion products formed. Micro cross-sections 

by FIB-SEM-EDS were also obtained on one uncoated and the coated sample with the same synthetic 

PM mix, and on one uncoated sample with a deposit of ambient PM aged under the same conditions. 

This allowed to observe and compare the PM particle-alloy interface, as well as to assess corrosion 

induced by synthetic and natural PM.  

Ultimately, synthetic PM was able to induce corrosion patterns comparable to those caused by 

ambient PM, while the coating was partially successful in preventing the propagation of corrosion in 

the bulk of the alloy.  

The ageing methodology therefore proved to be successful in isolating and reproducing the effects of 

PM on bronze. 
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The integration of Life Cycle Assessment (LCA) and Emergy Accounting (EMA) has increasingly 

been explored as a way to combine complementary perspectives on environmental sustainability. 

LCA is a standardized methodology that quantifies environmental impacts of human activities across 

the life cycle of products and processes through a multi-criteria approach, including categories such 

as climate change, acidification, eutrophication, resource use, and toxicity. 

In contrast, Emergy Accounting (EMA) quantifies the cumulative environmental work required to 

generate products, services and emissions, expressed in solar emjoules (sej), providing a non-

anthropocentric perspective on the environmental support needed by human’s complex systems. By 

converting heterogeneous resource flows into a common unit, emergy captures the environmental 

support underpinning processes and provides a complementary perspective that can strengthen 

sustainability assessments when combined with LCA. Moreover, LCA primarily provides a relative 

evaluation of environmental performance, focusing on comparisons between systems, while EMA 

reasons with the recent stream of research on “absolute” sustainability. While this latter concept is 

grounded in the Planetary Boundary (PB) framework [1], EMA could complement it by providing an 

additional way to assess the absolute environmental support that the planet system requires.  

Despite this potential, and although previous studies have explored the integration between emergy 

evaluation and life cycle inventories [2], the integration of LCA and EMA has historically been 

limited by methodological and data-related challenges, particularly the lack of standardized and 

compatible conversion factors linking LCA inventory flows to emergy values. This limitation has 

recently been addressed through the publication of the Unit Emergy Value (UEV) Library by the U.S. 

Environmental Protection Agency (EPA), which provides an extended set of Emergy 

Characterization Factors (EmCFs) expressed in sej per unit of resource or emission [3].  

Building on this advancement, this study develops a methodological approach to integrate LCA and 

EMA by linking LCA inventory flows from the Ecoinvent 3.10 database with EmCFs from the UEV 

Library. Additionally, we investigate the interpretation of absolute sustainability in terms of EMA as 

an opportunity to account for primary flows that ground systems within PBs. 

Artificial Intelligence (AI) tools were explored to support the categorisation of inventory flows and 

their mapping to appropriate EmCFs. Several Large Language Models (LLMs) were tested to identify 

the most suitable one. 

The developed framework is applied to a case study on cleaning systems for artistic surfaces and 

cultural heritage objects. The analysis compares two innovative bio-based cleaning systems 

developed within the GREENART project with a conventional benchmark, with the aim of evaluating 

the ecological support required by each system through the combined LCA–EMA approach. 
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The intensification of extreme climate events and geopolitical tensions necessitates new strategies for 

safeguarding cultural heritage, rooted in mitigation and sustainable logics. Building upon ICCROM 

guidelines [1-2], this research proposes an innovative framework to assess the environmental impact 

of emergency stabilization and evacuation operations for movable heritage, providing a scalable life 

cycle–based approach to quantify the impacts of the numerous tasks carried out as post-disaster 

response for cultural heritage objects. 

The current stage of the research focuses on the construction of the analytical model using LCA for 

Experts software. The model is designed to represent the life cycle of an evacuation operation for 

movable heritage: from the initial retrieval and packaging to their transportation to temporary storage 

facilities. The system boundaries are defined as cradle-to-gate, encompassing upstream production 

of materials and resources as well as the operational phases required to complete the evacuation and 

transfer to temporary storage facilities. Whenever possible, the model is informed by primary data 

collected in collaboration with the Museo delle Ceramiche (Faenza, Italy). These data will be 

complemented by secondary data derived from established life cycle inventory databases (e.g., 

Sphera, Ecoinvent) as well as dedicated database (e.g., STiCH [3]) and scientific literature. Such a 

framework is developed with the ambition to: 

• Identify environmental hotspots by determining which phases (logistics, packaging, 

storage) generate the highest environmental burden. 

• Support decision-making by comparing various strategic scenarios, such as the effectiveness 

of local temporary storage versus large-scale inter-regional centers. 

The result is a dynamic tool that can be adapted to diverse museum contexts. It effectively balances 

emergency responsiveness with sustainable planning regarding the methods and resources deployed. 
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With production having more than doubled over the past 40 years, minerals (along with all the 

elements and materials derived from them) can be considered a cornerstone of our economy. All 

products derived from them are essential across every sector, from technology to transportation and 

construction, and have direct impacts and benefits on all our lives. Total extraction of these 

materials reached 2,566 Mt, valued at $1.337 trillion, in 2023 [1]. Given the enormous scale of 

supply chains and the value these products hold in society, it is vital to examine the environmental 

impacts these processes may cause and, consequently, to understand how to make them more 

sustainable. This work aims to calculate the environmental impact, through a Life Cycle 

Assessment (LCA) methodology, of the most common metals supply chains used in the market. The 

functional unit (FU) selected for this study is the supply of 1 kg of metal, with a global market 

perspective. The inventory used was based on Lai et al. (2026) [2] and Nuss et al. (2014) [3], which 

depict and analyse global supply mixes. The most impactful categories on the single score were, by 

far, particulate matter formation, climate change, and human toxicity (ReCiPe 2016, Endpoint (H)). 

The results highlighted differences of various orders of magnitude among different elements. A 

contribution analysis with a granularity of 0.5% was performed on the climate change category, 

revealing significant impacts on electricity consumption and on fossil fuel extraction and use. The 

system was also studied using Cumulative Energy Demand (CED) and USEtox assessment methods 

to understand better the energy and toxicity roles in the impact of supply chains. 
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The project ALTEREGO deals with the development of new valorization strategies for sodium 

aluminate waste (SAW), an industrial waste stream generated during the aluminum pickling process 

and currently disposed of [1].  SAW are produced during the surface treatments of aluminum profiles 

with alkaline solutions and are mainly composed of sodium hydroxide and sodium aluminate, thus 

representing a promising source of green aluminum and its derivatives. The proposed approach is in 

line with the principles of material recirculation suggested by circular economy and industrial 

symbiosis, both aimed at promoting resource saving, new business opportunities and a lower 

impactful aluminum industry [2]. The presence of aluminate [Al(OH)4]
- makes SAW very attractive 

for the obtainment of aluminum in the form of hydroxide (Al(OH)3) through controlled precipitation. 

The Al(OH)3 substrate represents the starting material for the preparation of value-added chemicals, 

namely M2+/Al hydrotalcites and layered double hydroxides (LDH) and doped-M2+/Al hydrotalcites 

and layered double hydroxides (LDH). These materials are designed and functionalized to be applied 

in three different fields: (i) heterogeneous catalysis for the preparation of cyclic organic carbonates 

(COCs) through CO2 coupling with epoxides; (ii) adsorption of surfactants in water and wastewater 

and their further mineralization through advanced oxidation processes (AOPs) (iii) adsorption of 

arsenic from drinking/potable water. The use of environmentally friendly dopant (e.g. Fe) will be 

considered also to improve the adsorption capability of the prepared materials and to promote, in the 

case of surfactants, through heterogeneous catalysis, Fenton and photo-Fenton processes able to 

degrade the pollutant after its removal from the water matrix. Life Cycle Assessment (LCA) will be 

used to quantify the potential environmental sustainability of the routes described above, comparing 

them with the respective sector benchmark, evaluating quantitative benefits of the application of 

green chemistry principles at an early design stage and after the scale-up of the proposed 

methodologies at industrial level [3]. The authors sincerely thank the Italian Ministry of University 

and research (MUR) for FISA-2023- 00132 project “ALTEREGO - ALuminum wasTEs recYcling 

and valoRisation for Environmentally friendly GOals” - Area “Advanced Materials” (CUP 

D43C23004630001).  

References 

[1] Aluminum Extrusion EPD Background Report, 2022. 

[2] C. Jiménez-Gonzàlez, D.J.C. Constable, Green Chemistry and Engineering: A Practical Design 

Approach, Wiley-VCH Verlag Gmb & Co. KGaA, Weinheim, 2011. 

mailto:svllahu@unisa.it


  

 
 

XXII Congresso Nazionale della Divisione di Chimica dell'Ambiente e dei Beni Culturali 
Palermo, 16-19 Giugno 2026 

[3] S. Maranghi and C. Brondi, Life Cycle Assessment in the Chemical Product Chain, Springer 

Nature Switzerland AG, 2020. 

  



  

 
 

XXII Congresso Nazionale della Divisione di Chimica dell'Ambiente e dei Beni Culturali 
Palermo, 16-19 Giugno 2026 

POSTER  

 

Comparative study on the biosorption potential of macroalgal biomasses from the Strait of 

Messina for the removal of heavy metals from aqueous matrices 

 L.M. Ruggeri1*, C. Maffei2, V. Troia2, F. Crea2, D. Spagnuolo3 

1Sustainability and Ecological Transition Centre, University of Palermo, Piazza Marina, 61, 90133 

Palermo, Italy. 2Department of Chemical, Biological, Pharmaceutical and Environmental Sciences, 

University of Messina, Salita Sperone 31, 98166 Messina, Italy. 5Maripure ApS, Niels Juelsvej 40 

DK, 9850 Hirtshals, Denmark 

 

* lorenzomaria.ruggeri@unipa.it 

 

This study investigates the effectiveness of various macroalgal biomasses, specifically Asparagopsis 

taxiformis, Hypnea cornuta, and Ulva ohnoi sampled from the lagoon-coastal area of Messina, as 

natural biosorbents for the removal of heavy metals and metalloids such as arsenic, antimony, and 

mercury. Following a lyophilization process, the biomasses were exposed to aqueous solutions 

containing NaAsO₂, HgCl₂, or KSb(OH)₆ to evaluate both selective and mixture adsorption capacities, 

utilizing atomic absorption spectrometry (AAS) to determine residual concentrations. Kinetic 

analyses revealed that the adsorption process is remarkably rapid, reaching maximum capacity within 

the first 30 minutes and maintaining the stability of the metal-biomass complex for over 240 minutes. 

Experimental results highlight that Ulva ohnoi possesses the highest affinity for mercury, achieving 

a removal efficiency of 73% with a qt value of 7.48 mg g⁻¹, while showing limited efficacy against 

antimony. Conversely, Asparagopsis taxiformis and Hypnea cornuta demonstrated a more versatile 

action, capable of adsorbing both Hg(II) and Sb(V), with percentages reaching 57% and 44% 

respectively for the Asparagopsis biomass. For all tested biomasses, As(III) adsorption was found to 

be negligible, while tests conducted on multi-element mixtures showed competition for active sites, 

leading to a reduction in overall performance compared to mono-element systems. In conclusion, the 

study demonstrates that these macroalgae represent a sustainable and promising resource for the 

development of low-cost remediation technologies, with a specificity of action that varies 

significantly depending on the algal species utilized [1]. 
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The detection of micro- and nanoplastics (MNPs) in environmental samples represents a significant 

analytical challenge. Due to their small size range (1 μm-5 mm for microplastics and <1 μm for 

nanoplastics), advanced analytical techniques are required for routine monitoring. However, current 

analytical methods are often time-consuming, require extensive sample pretreatment, and frequently 

exhibit limited reproducibility. 

 

The present study introduces an innovative approach for the detection of MNPs in untreated surface 

waters by combining confocal fluorescence microscopy with co-staining and a Soft Independent 

Modelling of Class Analogy (SIMCA) one-class classification method. 

A fluorogenic probe based on hyaluronic acid functionalized with rhodamine B (HA-RB) was 

synthetized to enhance the recognition of MNPs in complex environmental matrices, providing a 

strong and selective red fluorescence emission at 578 nm. 4’,6-diamidino-2-phenylindole (DAPI) and 

methylene blue (MB) were used to stain organic and inorganic interferents, producing green and near 

infrared fluorescence emissions, respectively [1]. The different fluorescence responses generated by 

co-staining were used for developing the SIMCA model. Particularly, the use of a one-class approach 

gives the advantage to avoid the need to model all interferents present in environmental matrix. The 

model is trained exclusively on representative micro- and nanoplastic particles from different polymer 

types, enabling robust discrimination of MNPs based on their fluorescence signals. The SIMCA 

model was implemented in the MATLAB environment using different combinations of fluorescence 

emission intensities acquired across three channels (red, green, and near infrared) as new variables, 

achieving good sensitivity and specificity. In addition, a dedicated analytical pipeline was developed 

to provide quantitative information, enabling the automatic determination of the number of particles 

classified as MNPs and the extraction of their dimensional characteristics in terms of equivalent 

diameter.  

The combination of confocal fluorescence microscopy with a co-staining method and SIMCA one-

class modelling provides a simple and robust approach for the direct detection of MNPs in 

environmental samples with a minimal sample pre-treatment. The method enables particle 

quantification and size characterization to approximately 500 nm, demonstrating strong potential for 

environmental monitoring applications. 
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