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“La tutela dell’Ambiente e dei Beni Culturali 

in un Mondo che cambia” 
 

“Variazioni significative del clima, rispetto alle medie di lungo periodo, sono 
oggi ben evidenti e comprovate da indiscutibili osservazioni scientifiche”. 

“Il cambiamento climatico rappresenta una delle principali minacce per uno 
sviluppo sostenibile e per questo motivo è stato incluso negli obiettivi dell’Agenda 

2030 dell’ONU, nella quale si esprime l’urgenza di ridurre le emissioni di gas 
serra e di adottare adeguati piani di adattamento agli impatti negativi previsti 
dagli attuali modelli climatici”. 

Con queste premesse si apre la Posizione adottata dalla Società Chimica 

Italiana sui Cambiamenti Climatici a cui hanno dato un sostanziale contributo 
esponenti della Divisione di Chimica dell’Ambiente e dei Beni Culturali. 

 
In un Mondo che sta cambiando e in cui sono state riconosciute le 

correlazioni fra inquinamento dell’atmosfera e degli ecosistemi col mutamento del 

clima, chi ha messo al centro dei suoi studi questi temi può e deve avere un ruolo 
rilevante, non solo attraverso il controllo, la diagnostica e il monitoraggio ma 

anche attraverso un ripensamento dell’uso e del recupero delle risorse e dei 
materiali, dei processi produttivi e del loro impatto, del concetto di sostenibilità. 

Altrettanto importante, in un Mondo che cambia, è l’attenzione che deve 
essere riservata alla salvaguardia del patrimonio culturale e alla conoscenza dei 

materiali di cui è costituito. Nel 2018 Anno Europeo del Patrimonio Culturale, 
pertanto, l’attenzione ai temi del monitoraggio, conservazione e protezione dei 
Beni Culturali deve trovare uno spazio speciale di riflessione e discussione. 

Questo impegno tuttavia non deve essere limitato all’ambito della ricerca e 

della formazione, sebbene di estrema importanza, ma deve essere condiviso con il 
mondo dell’Industria, delle Professioni, degli Enti pubblici e di controllo, con la 
Società civile. 

Scopo e obiettivo del XVII Congresso Nazionale della Divisione di Chimica 

dell’Ambiente e dei Beni Culturali è stato dunque proprio quello di proporsi come 
occasione di incontro e discussione di questi temi. 

Maurizio Ferretti 

Conference Chair 
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Programma 

 

Domenica 24 giugno 2018 

 

 

Salone del Bergamasco, Palazzo Tobia Pallavicino 
Sede della Camera di Commercio di Genova 

Via Garibaldi 4 
 

18:00 Apertura registrazioni 

19:00 

Apertura del Congresso: 

Prof.ssa Lucia Toniolo, Presidente della Divisione di Chimica 

dell’Ambiente e dei Beni Culturali 

 

Saluti delle Autorità locali e accademiche: 

Sindaco di Genova, Presidente della Regione Liguria, 

Rettore dell’Università degli Studi di Genova 

19:30 

PLENARY 

Prof.ssa Angela Agostiano, Presidente della Società Chimica Italiana 

“La chimica aiuta l’ambiente: una certezza o una domanda? La 

percezione sociale e le risposte della scienza” 

20:00 Brindisi di benvenuto 
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Lunedì 25 giugno 2018 
 

Dipartimento di Architettura e Design 
Reception Aula 4D 

8:00 Apertura registrazioni 

Aula 5H 

9:00 Apertura dei lavori 

Sessione congiunta: Ruolo della Chimica nella tutela dell’Ambiente e nella 

Conservazione dei Beni Culturali 

Chairperson: Lucia Toniolo 

9:15 

PLENARY 

Psillakis E. 

“Emerging and Persistent Organic Pollutants in Aquatic Environment: An Ever-

Growing Problem” 

10:00 

PLENARY 

Mazzeo R. 

“Do we still need to explain why science and particularly chemistry for 

conservation matters?” 

Porticato e Corridoio delle esposizioni 

10:45 Coffee break e Sessione poster 

Aula 5H 

Sessione Ambiente: Inquinanti emergenti nelle acque 

Chairperson: Antonio Marcomini 

11:15 

KEYNOTE 

Sturini M. 

“TiO2 photocatalysis as an advanced oxidation process: application to 

antibiotics” 

11:45 

Mascolo G., Murgolo S., Franz S., Falletta E., Arab H., Bestetti M. 

“Employment of TiO2 Meshes Electrochemical Photocatalysis for the 

Degradation of Emerging Organic Pollutants in Wastewater Effluents” 
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12:05 

Chelazzi D., Scopetani C., Martellini T., Cincinelli A. 

“Focal Plane Array (FPA) 2D Imaging FTIR for the detection and identification 

of microplastics” 

12:25 

Alberti S., Basciu I., Saperdi A., Vicini S., Castellano M., Ferretti M., Caratto 

V. 

“Porous PDMS membranes loaded with bare and N-doped TiO2 NPs for 

antibacterial coatings” 

12:45 

Vione D., Bertinetti S., Minella M., Minero C. 

“Heterogeneous Fenton degradation of emerging contaminants, triggered by 

zero-valent iron” 

Aula Benvenuto 

Sessione Beni Culturali: Metodologie analitiche innovative per la 

diagnostica applicata ai beni culturali 

Chairperson: Erika Ribechini 

11:15 

KEYNOTE 
Pittaluga D. 
“La conservazione delle facciate dipinte: una esperienza all’interno della 
Scuola di Specializzazione in Beni Architettonici e del Paesaggio” 

11:45 

Calà E., Aceto M., Benzi M., Gosetti F., Gulmini M., Idone A., Serafini I., 
Ciccola A., Vincenti F., Salis A., Damonte G., Salustri M. 
“Identification of the lichen species in historical orchil dyes by HPLC-MS/MS: a 
preliminary study” 

12:05 
Mameli V., Musinu A., Niznansky D., Peddis D., Ennas G., Ardu A., Lugliè 
C., Cannas C. 
“Archaeometry and material science studies on Monte Arci obsidians” 

12:25 

Nardella F., Colombo M., Serradimigni M., Tozzi C., Ribechini E. 
“Innovative approaches based on analytical pyrolysis for the characterization 
of archaeological bitumen: the case of bituminous mixture from Italian 
Neolithic stone tools” 

Porticato e Corridoio delle esposizioni 

13:00 Light lunch e Sessione poster 
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Aula 5H 

Sessione Ambiente: Inquinanti emergenti nelle acque 

Chairperson: Antonio Proto 

14:30 

KEYNOTE 
Di Carro M. 
“A tricky task for the analytical chemist: the study of emerging pollutants in 
waters” 

15:00 
Minella M., De Bellis N., Minero C., Gallo A., Tiraferri A., Vione D. 
“Coupling of nanofiltration and thermal Fenton reaction for the abatement of 
carbamazepine in wastewater” 

15:20 

Cantalupi A., Maraschi F., Speltini A., Profumo A., Ferri E.N., Nicolis S., 
Pretali L., Albini A., Sturini M. 
“Photolytic and photocatalytic degradation of Glucocorticoids in surface water 
under solar light” 

15:40 

Caratto V., Alberti S., Pampararo G., Locardi F., Ferretti M., Costa G.A., 
Sturini M., Speltini A., Maraschi F. 
“Doped TiO2 nanoparticles supported on persistent luminescence material for 
water treatment” 

16:00 
Iovino P., Amoroso C., Capasso S., Salvestrini S., Roviello V., Trifuoggi M. 
“Sorption mechanism of humic acids onto natural zeolites” 

16:20 

Cucciniello R., Fiorentino A., Prete P., Di Cesare A., Corno G., Motta O., 
Rizzo L., Proto A. 
“A new Cu-iminodisuccinic acid complex as active catalyst for photo-Fenton 
like process” 

Aula Benvenuto 

Sessione Beni Culturali: Le stesure pittoriche: chimica, materiali e 

durabilità 

Chairperson: Rocco Mazzeo 

14:30 

KEYNOTE 

Bensi P. 

“The contribution of chemistry to the knowledge and conservation of wall 

decorations” 
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15:00 

Sciutto G., Balbas Quintero D., Litti L., Prati S., Catelli E., Meneghetti M., 

Mazzeo R. 

“Combined SERS and Normal Raman mapping for the analysis of paint 

cross-sections” 

15:20 

Lo Savio R., Valbusa U., Vassallo S. 

“Identification of natural ultramarine blue by micro-Raman spectroscopy in 

frescoes of Valerio Castello coming from the Branca Doria palace (Genova, 

Italy)” 

15:40 

Monico L., Chieli A., De Meyer S., Vanmeert F., Nuyts G., Cotte M., De Nolf 

W., Janssens K., Falkenberg G., Romani A., Miliani C. 

“Evidence of the role of relative humidity, Cd/Zn stoichiometry and Cl-

compounds in the photo-oxidation process of cadmium yellows 

(CdS/Cd1-xZnxS) in oil paintings” 

16:00 

Ghirardello M., Mosca S., Nardo L., Marti-Rujas J., Nevin A., Toniolo L., 

Burnstock A., Valentini G., Comelli D. 

“Time-resolved photoluminescence microscopy combined with elemental and 

molecular techniques to evaluate the presence of impurities in cadmium-

based pigments” 

16:20 

Casoli A., Volpin S. 

“A study on the painting ‘The Wedding Feast at Cana’ by Tintoretto, located 

in the Basilica of Madonna della Salute in Venice” 

16:40 

Agnoletto F.C., De Ferri L., Bersani D., Pojana G. 

“The Jacopo Tintoretto ‘Wedding Feast at Cana’: a multi-technique non-

invasive study of painting materials” 

Porticato e Corridoio delle esposizioni 

17:00 Coffee break e Sessione poster 

Museo di Sant’Agostino 

18:00 Saluti del Direttore e Visita al Museo 

Chiostro triangolare 

20:00 Light Dinner 

21:00 

Prof. Lauro Magnani, Dipartimento di Italianistica, Romanistica, 

Antichistica, Arti e Spettacolo, Università degli Studi di Genova 

“Conversazione sul Patrimonio Artistico dell’Università di Genova” 
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Martedì 26 giugno 2018 

 

Dipartimento di Architettura e Design 
Reception Aula 4D 

8:30 Apertura e registrazioni 

Aula 5H 

Sessione congiunta: Valutazione e Gestione dei Siti Contaminati 

Chairperson: Valentina Caratto 

9:00 

PLENARY 
Parisi, G., Zippo C. 
“The management of excavation materials with TBM in respect of the 
environment” 

9:30 
KEYNOTE 
Girelli A. 
“Risk assessment as a tool for the optimization of a polluted site recovery” 

10:00 
KEYNOTE 

De Folly D’Auris A. 
“Environmental remediation through technology laboratory approach” 

Porticato e Corridoio delle esposizioni 

10:30 Coffee break e Sessione poster 

Aula 5H 

Sessione congiunta: Valutazione e Gestione dei Siti Contaminati 

Chairperson: Maurizio Ferretti 

11:00 

 
KEYNOTE 
Boscaro A. 
“Soil conditioning for mechanized tunnelling with EPB: the new line of foaming 
agents POLYFOAMER ECO with minimized environmental impact on the tunnel 
muck” 
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Sessione Ambiente: Valutazione di fenomeni di contaminazione 

ambientale 

Chairperson: Lucia Spada 

11:20 
Vassura I., Venturini E., Rombolà A.G., Fabbri D., Torri C., Passarini F. 
“Biochar in cultivated soils and riparian buffer zones: chemical 
characterization, sorption capability and carbon analysis” 

11:40 

Carena L., Minella M., Ghigo G., Giovannoli C., Maurino V., Minero C., Vione 
D. 
“Photochemical Fate of the Herbicides Propanil and Imazethapyr in Rice Paddy 
Water” 

12:00 
Siciliano T., Siciliano M., Malitesta C., Giua R., Genga A. 
“Single particle analysis for source apportionment of particulate matter 
collected near a steel plant” 

12:20 

Perrone M.G., Stafoggia M., Ancona C., Zanini F.C., Bassi S., Armati L., 
Gerometta A. 
“NO2, NO grazie. A citizen science project monitoring NO2 pollution levels in 
cities” 

12:40 

Valerio F. 

“Naval emissions in port: an ignored and avoidable relevant source of 

pollution” 

Aula Benvenuto 

Sessione Beni Culturali: Metodologie analitiche innovative per la 

diagnostica applicata ai beni culturali 

Chairperson: Giovanna Franco 

11:20 

Vassallo S., Vicini S., Carlini M.L., Vernazza S. 

“Chemical characterization of eighteenth century plasters in the Oratorio di 

Sant’Antonio Abate, Mele (Genova): analysis of pigments and pictorial 

technique” 

11:40 

Izzo F.C., Piccolo M., Balliana E., Falchi L., Zendri E. 

“Musealisation and display project of a modern pictorial cycle: ‘The poem of 

human life’ by Giulio Aristide Sartorio at the International Gallery of Modern 

Art “Ca’ Pesaro” in Venice” 

12:00 

Pizzimenti S., Duce C., Tinè M.R., Colombini M.P., Van den Berg K.J., 

Bonaduce I. 

“The effects of pigments and additives on the curing of oil paints. A 

calorimetric and thermoanalytical approach integrated with mass 

spectrometric techniques” 
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12:20 

Salvadorini A. 

“The wall paintings (1766–1782) of the Priory cloister in the Charterhouse of 

Calci, Pisa: composition, deterioration and monitoring (2012–2018)” 

Porticato e Corridoio delle esposizioni 

13:00 Light lunch e Sessione poster 

Aula 5H 

Sessione congiunta: Comunicazioni orali per la presentazione di alcuni 

poster selezionati 

Chairperson: Raffaele Cucciniello 

14:00 

Neri E., Passarini F., Vassura I., Cavani F., Mazzoni R., Cesari C., Tabanelli 

T., Conversano A., Prati R. 

“Sustainability assessments related to the exploitation of waste from the wine-

making sector for the production of the maleic anhydride” 

14:05 

Amadori M.L., Raspugli V., Mengacci V., Camaiti M., Maekawa Y., Corella 

D.M. 

“Non-invasive and micro-invasive investigations on wall paintings from Pagoda 

Lokahteikpan (XII century), Pagán Archeological Zone (Burma)” 

14:10 

Merlo F., Speltini A., Maraschi F., Sturini M., Profumo A. 

“Thermally condensed humic acids onto silica as spe for multi-class 

preconcentration of steroid hormones from environmental waters followed by 

HPLC-ESI-MS/MS” 

14:15 
Locardi F., Spingardi M., Ferretti M., Costa G.A., Triolo P.A.M. 

“Egyptian Blue. Investigation and 3D reconstruction of archeological artifacts” 

14:20 

Calò M., Cardellicchio N., Di Leo A., Giandomenico S., Grassi G., Spada L. 

“Use of moss bags for metals monitoring in a protected Nature Park: 

preliminary results” 

14:25 

Manfredi E., Petrillo G., Dellepiane S., Leardi R., Oliveri P. 

“New technologies for the identification of artistic pigments: a comparison of 

different approaches to image acquisition and analytical data processing” 

14:30 

Rapa L. 

“Study into the photochemistry of 4-carboxybenzophenone as proxy of triplet-

sensitised reactions in sunlit natural waters” 
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14:35 

Licen S., Confalonieri M., Cozzutto S., Crosera M., Adami G., Barbieri P. 

“Evaluation of the correlation between exacerbation episodes of Chronic 

Obstructive Pulmonary Disease (COPD) and ambient concentrations of air 

pollutants: the case of Trieste Province” 

Sessione congiunta: Strumenti e indicatori di sostenibilità ambientale 

Chairperson: Maria Grazia Perrone 

14:40 

PLENARY 

Bastianoni S., Coscieme L., Gigliotti M., Maccanti M., Neri E., Neri L., 

Pulselli F.M. 

“Overview of sustainability assessment methods within the Input-State-Output 

framework” 

Aula 5H 

Sessione congiunta: Strumenti e indicatori di sostenibilità ambientale 

Chairperson: Alessandra Genga 

15:10 

Volanti M., Passarini F., Cespi D., Neri E., Cavani F., Mizsey P., Fozer D. 

“Terephthalic acid from renewable sources: early stage sustainability analysis 

of a bio-PET precursor” 

15:30 

Fiorentino G., Zucaro A., Corcelli F., Santagat R., Ulgiati S. 

“Environmental sustainability of fossil and bio-based energy and material 

supply chains” 

15:50 

Massabò D. Bernardoni V., Pileci R.E., Danelli S.G., Caponi L., Valli G., 

Vecchi R., Prati P. 

“The MWAA model as a tool for Carbonaceous Aerosols apportionment and as 

an input for TOT measurements improvement” 

16:10 

Rivoira L., Dalla Libera A., Pessani D., Nurra N., Battuello M., Mussat Sartor 

R., Castiglioni M. Mruzzoniti M.C. 

“Evaluation of the contamination by PAHs and PCBs of NERITIC compartments 

in the northwestern mediterranean sea” 

16:30 

Sperotto A., Molina J.L., Torresan S., Critto A., Pulido-Velazquez M., 

Marcomini A. 

“Water quality responses under climate change: a Bayesian Networks 

modelling approach” 
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Aula Benvenuto 

Sessione Beni Culturali: Monitoraggio ambientale e conservazione del 

patrimonio culturale 

Chairperson: Antonella Casoli 

15:10 
Bertasa M., Croveri P., Cardinali M., Poli T., Scalarone D. 

“Turin Urban Art: a study of the artistic materials and their conservation state” 

15:30 

Cinieri V., Zamperini E. 

“Decay analyses of the stucco flowers of the Grand Staircase of the University 

of Pavia” 

15:50 

Tomasi F., Zendri E., Bernabei M., Calaon D. 

“Evaluating Ecological Impacts in the Early Medieval Venice: Anthracology and 

Combustion Processes Analysis from Torcello Archaeological Excavations” 

16:10 

Fermo P., Comite V., De Iuliis S., Giglioni C., Gilardoni S., Gulotta D., 

Migliorini F., Polvara E., Marinoni A., Toniolo L. 

“An indoor air quality study at the Ambrosiana Art Gallery (Milan)” 

16:30 

Petiti C., Welter J.M. Paris R., Salvadori B., Vettori S., Toniolo L., Goidanich 

S. 

“Surfaces and colors of Colossus of San Carlo Borromeo: multi-analytical 

characterization of copper surfaces” 

Porticato e Corridoio delle esposizioni 

16:50 Coffee break e Sessione poster 

17:15 
Riunione Gruppo Giovani e Tavola rotonda sulle professioni in 

campo ambientale e dei beni culturali 

18:00 
Assemblea Ordinaria dei Soci della Divisione di Chimica 

dell’Ambiente e dei Beni Culturali 

Palazzo Ducale 

20:30 Cena Sociale – Ristorante “Le Terrazze del Ducale” 

21:30 

PLENARY 

Prof. Giorgio Budillon, Dipartimento di Scienze per l’Ambiente, 

Università di Napoli Parthenope 

“Antartide e Oceano Meridionale: barometri del cambiamento climatico” 
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Mercoledì 27 giugno 2018 

 

Dipartimento di Architettura e Design 
Reception Aula 4D 

8:30 Apertura e registrazioni 

Aula 5H 

Sessione congiunta: Analisi, valutazione e gestione del rischio chimico 

Chairperson: Paola Rivaro 

9:00 

PLENARY 

Marcomini A. 

“Environmental Exposure to Engineered Nanomaterials: a research challenge” 

Sessione Ambiente: Analisi, valutazione e gestione del rischio chimico 

9:30 

Licen S., Cozzutto S., Barbieri G., Barbieri P. 

“Assessing impacts from very variable sources of perceptible pollutants: smart 

tools for the integration of high frequency instrumental data with ancillary 

chemical, meteorological and subjective information” 

9:50 

Semenzin E. Giubilato E., Badetti E., Picone M., Hristozov D., Brunelli A., 

Bonetto A., Cazzagon V., Volpi Ghirardini A, Marcomini A. 

“Safe by Design: supporting the development of safe and sustainable nano-

enabled products for the restoration of works of art” 

10:10 
Intiso A. 

“New perspectives for the Italian Tanning Industry” 

10:30 

Danelli S.G., Massabò D., Gatta E., Parodi F., Comite A., Corno G., Costa C., 

Di Cesare A., Oliva M., Vezzulli L., Prati P. 

“Experimental activity in ChAMBRe, a new atmospheric simulation chamber” 
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Aula Benvenuto 

Sessione Beni Culturali: Sviluppo di materiali e metodi per la 

conservazione e restauro dei beni culturali 

Chairperson: Nadia Marchettini 

9:30 

Riedo C., Rollo G., Scalarone D. 

“Detection of residues of PVA-PEO/borax hydrogels applied for cleaning 

painted surfaces” 

9:50 

Carretti E. Salvatore A., Balzano M.G., Falcone F., Vai S., Lari M. 

“Application of inorganic nanostructured materials for the conservation and 

preservation of ancient bone remains” 

10:10 

Zendri E., Falchi L., Falchi L., Balliana E., Sardella A., De Nuntiis P., 

Bonazza A. 

“EMERISDA- Effectiveness of methods against rising damp in buildings: 

European practice and perspective” 

10:30 

Prati S., Sciutto G., Mazzeo R., Galletti P., Samorì C., Tagliavini E., Giorgini 

L., Mazzocchetti L. 

“Green PHB-based organogels for the cleaning of cultural heritage” 

10:50 
Vecchiattini R., Mairani A., Vicini S. 

“Surface protection of stone: a sustainable choice?” 

Porticato 

10:50 Coffee break 

Aula 5H 

Sessione Ambiente: Economia circolare: gestione, valorizzazione dei 

rifiuti e riduzione dell’impatto ambientale 

Chairperson: Fabrizio Passarini 

11:10 

Zucaro A., Fiorentino G., Santagata R., Corcelli F., Ulgiati S. 

“Feasibility and sustainability of circular economy patterns: A ‘zero-waste’ 

concept for bio-based industry” 
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11:30 

Cara C., Musinu M, Ardu A., Mameli V., Niznansky D., Rombi E., Cannas C. 

“Mesostructured Fe2O3@MCM-41/TiO2 sorbents for mid-temperature H2S 

removal from sour syngas” 

11:50 

Carretti E., Pagliaccia B., Lotti T., Baglioni P., Berti D., Lubello C. 

“Application of Extracellular Polymeric Substances (EPS) extracted from 

AnAmmOx granular biomass for the removal of heavy metals” 

12:10 

Comite A., Capannelli G., Cepolina S., Gianazzi S., Dondo G. 

“Boosting up valorization of wood waste in the view of a Circular Economy: 

the Horizon 2020 "FORCE" Project” 

12:30 
Premiazione Tesi di Laurea, Tesi di Dottorato, Borse di 
partecipazione e Miglior poster 

13:00 Chiusura dei lavori 
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Premio Tesi di Laurea 

 

 Alice Cantalupi – “Studi di fotodegradazione e di 
ecotossicità di glucocorticoidi in acque superficiali” 

 

 Francesca Merlo – “Acidi umici pirolizzati su silice per 
estrazione in fase solida di glucocorticoidi da acque 
ambientali e successiva determinazione in HPLC-MS/MS” 

 

 Lorenzo Rapa – “Studio sulla fotochimica del 4‐
carbossibenzofenone come molecola modello per le reazioni 
sensibilizzate dagli stati di tripletto nelle acque naturali” 
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Premio Tesi di Dottorato 

 

 Moira Bertassi – “Investigation of agar gels for cleaning 
artworks: composition, structure, properties and cleaning 
mechanisms” 

 

 Claudio Cara – “Siliceous and non-siliceous mesostructured 
iron oxide nanocomposites for H2S removal from syngas” 

 

 Esmeralda Neri – “Application of environmental 
sustainability assessment methodologies to waste 
management systems and to energy and material recovery 
processes” 
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Borse di partecipazione 

 

 Stefano Bertinetti  

 Elisa Calà  

 Maria Calò  

 Luca Carena  

 Marta Ghirardello  

 Adriano Intiso 

 Sabina Licen  

 Valentina Mameli  

 Federica Nardella  

 Silvia Pizzimenti  

 Luca Rivoira  

  



23 
 

 

 

 

 

 

 

 

Conferenze Plenarie e Keynotes 
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La chimica aiuta l’ambiente: una certezza o una domanda?  

La percezione sociale e le risposte della scienza 

 
 

Angela Agostiano 
Presidente della Società Chimica Italiana 
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Emerging and Persistent Organic Pollutants in Aquatic Environment: An Ever-Growing 

Problem 

 

 

Elia Psillakis 
Laboratory of Aquatic Chemistry, School of Environmental Engineering, Technical University of Crete, Greece 

 

 
Water quality protection remains a major environmental and policy challenge faced by many industrial as 

well as developing nations. In particular, the occurrence and fate of trace amounts of a wide range of 

anthropogenic organic contaminants in aquatic environment continues to escalate concerns over their 

potential for ecological and human health effects. Besides the well-known “persistent” organic pollutants, a 

range of “emerging” organic contaminants and their transformation products attract considerable attention. 

These pollutants result from changes in manufactured chemicals, advances in analytical techniques or 

perhaps because of more detailed monitoring. 

 

This contribution will summarize several of our investigations over the past few years, which aim at the 

detection and the identification of the fate of both emerging and persistent organic pollutants in 

environmental water bodies. The fundamental concepts of the analytical tools used will be presented, and the 

overarching issues and challenges we face for quantifying their low concentrations in water will be 

discussed, using perfluorinated compounds and fullerenes nanoparticles as case studies. This discussion will 

be then extended to present the interplay between environmental analytical chemistry and environmental 

organic processes so as to explore the fate of emerging and persistent organic pollutants in environmental 

water bodies. Emerging and persistent organic pollutants have the ability to reach rapidly remote regions, 

and the potential “transport vehicles” to be presented here, will include marine aerosols (as we have seen in 

the case of perfluorinated compounds) and microplastics (for polycyclic aromatic hydrocarbons (PAHs) and 

polychlorinated biphenyls (PCBs)). Finally, the photochemical transformation of brominated diphenyl ether 

flame retardants in water and ice will be discussed, demonstrating the formation of new and unexpected 

organic compounds of a high-environmental risk, even when the parent pollutants are present in unusual 

photo-reaction media like ice. 
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The last decades the field of conservation and restoration of cultural heritage has been revolutionized by the 

introduction of new materials, technologies, scientific methods of examination and analytical equipment as 

well as new information communication technology means. However, even though it is probably too early to 

draw final conclusions, the question is whether the technical and, above all, the methodological quality of the 

conservation profession has taken full advantage of all the above mentioned means. 

In any case I do believe that this innovation process has led to at least one important achievement. Art 

objects to be preserved are regarded among the highest forms of humankind production. Therefore, if 

conservation, beyond its material aspects, more and more represents an occasion of knowledge advancement, 

it raises quite clearly the overall process to a high cultural level. The essence of this transformation is 

primarily linked to the involvement of competencies, body of knowledge and cultures originally far from the 

field of conservation: primarily the scientific disciplines. 

Where the field of conservation-restoration is able to promote close interactions among disciplines 

apparently far from each other, such as chemistry and art history, their distinct body of knowledge can be 

integrated and perhaps renewed. 

To this purpose different type of activities addressed to different audience can be developed. a) specific 

books addressing all general and applied issues of chemistry, the “alien” scientific discipline primarily 

involved in conservation, instrumental in collecting and organising the many experiences and advancements 

that during recent decades have been accumulated often in a disorganised manner; b) inclusion of Chemistry 

for restoration courses as part of science teaching in university science curricula, may represent an effective 

tool in attracting new students to the field of science and chemistry in particular; c) engagement of the 

general public through activities highlighting experiments and games aimed at exploring and presenting the 

fascinating world of chemistry. 
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Photocatalysis by semiconductor is the most promising advanced oxidation process (AOP) and TiO2 is the 

most largely studied material for the photocatalytic degradation of organic pollutants. A detailed examination 

of the literature on such substrates over the last 20 years shows that most investigated pollutants have been 

(highest number first): dyes (often used to test new materials), drugs, pesticides, pharmaceutical and personal 

care products, endocrine disruptors, phenols and derivates, and heterocycles [1] 

In particular, pharmaceuticals are considered emerging pollutants (that is potentially toxic pollutants, even at 

low concentration, but not yet regulated) due to their continuous input and persistence in the environment. 

They have been detected worldwide in surface waters, drinking waters, wastewater effluents, farm soils and 

marine aquaculture sites [2,3]. Among different groups of pharmaceuticals, antibiotics pose a serious threat 

because they stimulate bacterial resistance [4,5]. Antibiotics are regularly administered in large amounts both 

for human and veterinary therapeutic purposes and as feed additives to support growth in livestock [6]. Once 

administered, most of these compounds are only partially metabolized and reach urban WWTPs with the 

wastewater. WWTPs are not able to efficiently abate a substantial part of these molecules and variable 

quantities of residues are regularly released into the environment. Veterinary drugs can directly reach soil 

and ground water through the common practice of recycling manure from animal husbandry and/or sewage 

sludge from WWTPs as fertilizers.  

 

 
 

Fig. 1 – Number of publications indexed with the key words Photocatalysis AND Emerging pollutants, 

Scifinder 2017. 

 

Fig. 2 – Number of publications from 1978 to 2016 indexed with the key words Photocatalysis AND 

Pollutants (), Dyes (), Nanomaterials (), solar light (), Organic synthesis (), Doped materials 

(), Scifinder 2016. 

This presentation provides a brief summary of recent developments in TiO2-photocatalytic degradation of 

fluoroquinolone antibiotics (FQs) for their efficient removal down to no more toxic materials.  

FQs have been chosen for different reasons, viz. 1) they are very useful antibacterial agents and form the last 

class of antibiotics of large use, particularly in highly developed countries. In the 1980s they have been 

synthesized in Europe and USA for humans and about 10 years later as veterinary medicines. They show 

both a broad activity spectrum against Gram bacteria and a good oral absorption, and they are largely used in 

cattle and swine farms, for example, in South Lombardy plain; 2) their occurrence in the environment has 

been widely assessed in the past decades both in the aquatic and soil compartments; 3) the strong stability of 
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the quinolone ring slows down the degradation rate of these molecules thermodynamically resistant. Toxicity 

is linked to the aromatic ring, and thus not degraded in the first steps of the degradation; 4) their strong UV-

A absorption makes such drugs ideal for quantitative studies. It has been demonstrated that photo-

degradation is the main abiotic removal pathway to alleviate their accumulation especially into the aquatic 

systems and to contribute to their degradation. The photochemistry of FQs in aqueous solution has been 

deeply investigated both under actual environmental conditions (natural solar light, concentrations at the µg 

L-1 levels) and in presence of TiO2. 

Although TiO2-mediated oxidation is equally effective in the further degradation of the primary 

photoproducts and of the parent compounds [7], these contribute to increase bacterial resistance in the 

environment. 

Beside the chemical studies designed to establish the ring stability, toxicity studies of the photoproducts were 

carried out and a relationship between the nature of the photo-process occurring and the antimicrobial 

potency was suggested [8]. Furthermore, the potential eco-toxicological effect of the photoproducts and of 

the parent compounds was assessed according to the ISO standard test based on V. Fisheri luminescence 

inhibition [9]. 
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La conservazione delle facciate dipinte: una esperienza all’interno dalla Scuola di 

Specializzazione. 

 

Daniela Pittaluga 

 

La conservazione delle facciate dipinte non è un tema nuovo per una città come Genova. Già negli anni 

Ottanta si fece un primo convegno GENUA PICTA proprio in relazione al grande patrimonio di facciate 

dipinte presenti nel centro storico e che rischiavano di scomparire a causa del degrado.  

Da quella prima esperienza diversi furono gli studi in merito; sempre più si fece avanti la necessità di 

affrontare l’argomento in maniera interdisciplinare. Ci furono quindi esperienze che videro a confronto 

storici dell’arte, chimici, fisici, ma anche architetti ed archeologi. Su diversi aspetti si cominciò a fare luce: 

ad esempio sul perfetto cromatismo dei rossi liguri che risultavano in perfetta sintonia tra di loro e con 

l’ambiente circostante. Si legarono questi aspetti all’elettrone mobile del ferro. SI iniziò anche ad indagare 

rispetto alla minore o maggiore resistenza che alcune superfici offrivano agli agenti atmosferici; in alcuni 

casi si andarono a cercare le ragioni anche negli antichi trattati e nelle regole dell’arte.  

Da alcuni anni a questa parte, considerando anche la sempre maggiore incidenza di alcuni fenomeni 

atmosferici, si è cercato di allargare il avolo di confronto anche con gli operatori del settore e le maestranze. 

Si vuole qui riportare alcune recentissime esperienze di cantiere scuola affrontate all’interno della Scuola di 

Specializzazione in Beni Architettonici e del Paesaggio di Genova che hanno permesso di attingere alle 

conoscenze teoriche sulle superfici integrandole però con la sperimentazione di trattamenti di conservazione. 
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1. Introduction 

 
A current trend in environmental analysis is a shift from classical pollutants toward “emerging pollutants,” 

defined as newly identified or previously unrecognized contaminants. Many of them are not new chemicals, 

since they have been present in wastewaters for decades (i.e. personal care products, pharmaceuticals, new 

pesticides, industrial compounds, and byproducts), but are only now being recognized as potentially 

significant water pollutants [1]. Their occurrence in waters is principally due to the incomplete removal in 

sewage treatment plants [2]. In spite of the low levels of concentration (ng L-1 to μg L-1), their presence 

should not be neglected, due to the unknown effects of long-term exposition and possible synergic effects 

[3]. 

A combination of effective preconcentration methods and sensitive and selective analytical techniques is 

required to tackle this complex problem and obtain reliable results. Liquid chromatography coupled to mass 

spectrometry (LC-MS) or tandem mass spectrometry (LC-MS/MS) is the technique of choice for the analysis 

of emerging pollutants, while different sampling and preconcentration methods are available. 

 

2. Results and Discussion 
 

In this contribution, an overview of the most innovative sample preparation techniques will be described; in 

particular, different methods for the determination of various emerging contaminants developed in our 

laboratories and their application to diverse types of environmental waters will be presented and discussed.  

 

3. Conclusions 
 

The different methodologies discussed in this contribution showed that, despite the sensitivity of the 

instrumental techniques, preconcentration is an essential step for the detection of several classes of emerging 

contaminants at trace and ultra-trace levels in various types of environmental waters (groundwater, 

wastewater and seawater).  
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The conservation of wall decorations, paintings and stuccos in particular, requires a thorough knowledge of 

the constituent materials, their behavior over time and the techniques with which they are applied.  

Given that this Cultural Heritage is under the competence of architects, in the Department of Architecture 

and Design, the author, in collaboration with Daniela Pittaluga, gives teachings on history of pictorial 

materials and conservation of decorations, while in the post-Graduate programma in Architectural Heritage 

and Landscape he teaches History of artistic techniques Chemistry applied to Restoration  is taught by Silvia 

Vicini (Dipartimento di Chimica e Chimica Industriale, DCCI, Università di Genova) and Angelita Mairani 

(Soprintendenza Archeologia, Belle Arti e Paesaggio di Genova).  

The above-mentioned diagnostic and historical skills have been used and are used in various sites, under the 

competence of the University of Genoa or other institutions, where preliminary studies are needed for 

conservation interventions: we list the main ones. 

Church of the former psychiatric hospital of Pratozanino (Cogoleto): wall paintings from the 1930s, in 

collaboration with the Laboratory of Soprintendenza Archeologia, Belle Arti e Paesaggio di Genova 

(Stefano Vassallo) and the ICVBC-CNR of Florence - in situ and laboratorial analysis; 

Honor staircase of the University of Pavia (Post-Graduate programme): stuccowork of the nineteenth 

century; 

Palazzo Reale, Genova, Galleria degli Specchi e Sala di Diana: wall decorations and stuccos decorazioni 

murali dating from XVII C – chemical analysis DCCI; 

Wooden boards and joists from the floors of Palazzo Grillo, Genova, deposited in Department of 

Architecture and Desing, DAD: Medieval paintings on wood and later eras - ongoing investigations; 

Palazzo Belimbau, Genova, entrance, staircase and rooms in the noble floor: wall decorations and 

stuccos from XVII C. and latere ras; preliminary analysis through portable spectroscopy micro-

Raman by Pietro Baraldi, Dipartimento di Chimica, Università di Modena e Reggio Emilia; 

DAD, Genova, aula Benvenuto: wall decorations and painting of stone slab. 

In the last two cases diagnosis and chemical analysis have to be started. 
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Environmental remediation through technology laboratory approach 
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1. Introduction 

Site remediation is a complex and expensive process that requires a high level of site know how in order to 

obtain the desired results. 

For the best identification of the remediation technology in term of results, costs and environment saving and 

low discharge disposal, a technological laboratory approach was defined. 

The first step is the characterization of the water or soil contaminants, that must be as representative as 

possible of the site contamination. Characterization is the starting point for a preliminary technology 

selection; laboratory scale tests will be then performed to have parameters for the scaling up. Scale up 

consist in a field test on one side of the contaminated site. 

Three case studies are briefly described to understand the technological approach from laboratory to field.  

2. Oil spill recovery  

Oil spill is a problem of considerable attention for eni, in Italy and worldwide there are still many sabotages 

along the pipes for the transport of crude and refined. 

To date, the most used material for adsorption of hydrocarbons is polypropylene, which is usually supplied 

form of flakes enclosed in a non-woven tissue in different forms such as booms or cushions. Innovative 

materials, a super-expanded graphite and open-cell expanded polyurethane foam, were tested in order to 

improve actual performances. Laboratory tests and field tests demonstrated that new materials adsorbs 3-5 

times more than polypropylene. 

3. e-hyrec® technology  

An Automatic Device based on hydrophobic porous filter (sintered steel coated by PDMS Poly-DiMethyl 

Siloxane thin film) able to filter the organic phase through selective permeation of the organic phase from 

contaminated groundwater was developed. The device is assembled in order to recover the oil phase through 

the existing piezometric wells, with a minimal water percentage in the extracted liquid and high recovery 

rate. From field tests a reduction of costs for water management, little maintenance and low energy 

consumption were registered. 

 

Fig. 1 – e-Hyrec®technology 

4. e-ibs-abr®: Integrated Bioremediation protocol 

A trademark (e-ibs-abr®: Eni System with Autoctonous Bacteria and Rhizomicrobiota) has been registered 

in order to link the integrated protocol to similar future remediation initiatives. 

A site contaminated by heavy hydrocarbons was used to define the protocol. Starting from a chemical and 

biological soil sample characterization, different strategies of bioremediation (Natural Attenuation, land-

farming and land-farming + bioaugmentation) and phytoremediation (basic and assisted approach) were 

tested in a laboratory scale. Results demonstrated that Assisted phytoremediation and land-farming were the 

best solution with a 95% TPHs reduction after 60 days of treatment. 
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1. Introduction 

 
In order to provide a rational, structural, and thermodynamics-based representation of sustainability, an 

Input-State-Output framework has been recently introduced [1]. The I-S-O framework has been proposed to 

investigate different systems by means of systems indicators representative of three components: input 

indicators show the material and energy flows feeding the system; state indicators represent structural and 

organizational features of the system; output indicators quantify what systems produce in terms of outflows.  

The I-S-O framework has been applied to investigate and categorize different kinds of systems. It has been 

primarily applied to ecosystems [2], using emergy to quantify what is needed for the systems to survive; eco-

exergy to describe its structural characteristics; ecosystem services to identify the output in connection with 

human utility. More recently, the framework has been used to study national economies [1, 3], which 

allowed to compare, cluster and rank them on the basis of information other than pure economic ones. 

Moreover, the Input, State and Output. components have been assimilated to the sustainability pillars, 

namely the environmental, social and economic spheres, respectively, to be assessed for each country. In 

fact, the I-S-O framework enables to detect these spheres in isolation from, and in connection with each other 

without losing information (the latter being a problem of extremely aggregated indicators). 

A crucial role in this proposal is played by the choice of indicators and assessment methods used for each 

component of the I-S-O framework. Different triads can be chosen in accordance with the kind of 

information that we need to produce. In particular, several of indicators exist and can be selected to quantify 

aspects of the input/environmental, state/social and output/economic component of the I-S-O framework. 

 

2. Results and Discussion 
 

The Input component of every human-driven system (e.g. a national economy) derives directly or indirectly 

from the environment. Therefore we can adopt the I-S-O framework for ecosystems in order to appreciate the 

dynamics that generates energy, matter and ecosystem services that human-driven systems use to survive. 

Accordingly, a double I-S-O framework is built to encompass all the elements supporting human activity, 

production of goods and services and, ultimately, generation of economic wealth (Figure 1). 

In this work, we present an overview of sustainability assessment methods based on their meaning and 

information content, but also on their position within the I-S-O framework and investigation potentiality. 

 

 
Fig. 1 – A double ISO framework can be deduced from this scheme, in which the output from 

ecosystems is the input to human driven systems. 
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This enables to identify the area of interest of indicators (using Figure 1 as reference) and the extent to which 

each method is able to provide information and support policies. As an example we can refer to the well-

known debate on the primacy of the economic indicators – especially the GDP – to represent our reality and 

determine goals., In this way we can establish overlapping and complementarities among indicators in order 

to stimulate and optimize efforts in identifying statistical information and data to be collected. 

 

3. Conclusions 
 

An Input-State-Output framework is proposed to represent how a system (from an ecosystem to a national 

economy) functions and is able to survive. Sets of indicators (triads) must be chosen to quantify the I-S-O 

components and make the framework informative. The three components are not aggregated into a single 

number but are kept separated in order to preserve information for each dimension, avoiding the possibility 

of compensation of positive aspects on one dimension with problems in another. The main goal is to 

highlight the interdependence of the three spheres of sustainability and the need to identify a set of methods 

to represent the complex reality in which we live, optimizing information collection and use. A first step in 

this direction is an investigation on how and to what extent different assessment methods and indicators are 

able to give information and potentially contribute to sustainability policies. 
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Le informazioni acquisite nelle ultime decadi dai ricercatori italiani che operano nell’ambito del Progetto 

Nazionale di Ricerche in Antartide costituiscono importanti tasselli che potranno fornire gli elementi 

necessari a comprendere come il nostro sistema climatico funziona e come potrà cambiare. Questi studi 

comprendono, tra l’altro, il sistema di correnti marine che solcano gli oceani, paragonabile all’apparato 

circolatorio umano. Così come le vene e le arterie costituiscono un sistema che ha il compito primario di 

apportare all’organismo gli elementi necessari al suo sostentamento, così le correnti oceaniche provvedono 

continuamente a ridistribuire le caratteristiche fisiche e biochimiche.  

La relazione si occuperà di descrivere il contesto in cui avvengono queste ricerche e i maggiori risultati 

conseguiti. 
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Nanomaterials are defined as materials containing particles or having structures with at least one dimension 

within 1-100 nm, or powders with 50% or more of the particles by number having one or more external 

dimensions in the size range 1-100 nm (EU Commission, 2011/696/EU), and comprise natural, incidental 

and engineered nanomaterials (ENMs).  

ENMs are intentionally produced and commercialized in everyday products, spanning from healthcare and 

leisure to electronics, cosmetics, energy, agriculture, food and transport. Due to their unique properties (large 

percentage of atoms at the surface, size, shape, surface reactivity, etc.), their production is continuously 

increasing. Conservative global market estimates for e.g. metal oxide nanomaterials added up to 270,000 

tons in 2012, rising to 1,663,000 tons in 2020. Accordingly, an increasing release of ENMs in surface waters, 

air, groundwater and soils, over the whole life cycle is expected. This has raised growing concern about 

potential exposure to ENMs and related risk for humans and the environment. An overall estimate of ENM 

release to different compartments shows that 63-91% of the ten most produced ENMs are disposed of in 

landfills whereas releases into water are around 0.4-7% of total global production; air emissions represent the 

smallest flow to the environment for ENMs, with an estimate of less than 1.5% of total global production 

[1,2,3].  

However, while for chemicals there are well established environmental exposure and regulatory frameworks 

dealing with the risk for consumers, workers and the environment, this is not the case for nanomaterials. Due 

to the limited availability of analytical methods for the quantification of trace ENMs in complex matrixes, it 

has not been possible yet to experimentally determine exposure levels in the various environmental 

compartments and, accordingly, to evaluate the extent of contamination due to the increasing production and 

use of ENM. Thus, computational modelling has been widely used as a tool for estimating both released 

quantities and environmental concentrations, based on data on production volumes and specific uses. 

According to environmental fate models, concentrations in surface waters have been estimated to be in the 

order of ng/L to μg/L, necessarily with an intrinsic high variability depending on the type of nanomaterial, 

whereas calculations in the atmosphere resulted in concentrations of pg/m3 to ng/m3 [1, 2]. 

Recent advances in analytical techniques for the characterization and quantification of nanoparticles allowed 

for a first assessment of actual environmental concentrations in the aquatic environment, which seemed to 

agree with the predicted values based on the modelling approach. For one of the most produced type of 

ENMs, TiO2 nanoparticles, these studies report concentrations in surface waters in the range from 3 ng/L to 

1.6 μg/L [2]. Despite the notable progress made in the study of the environmental fate and behavior of 

ENMs, however, several analytical problems need further study, such as e.g. the differentiation of ENMs 

from naturally occurring nanoparticles, and the detection of carbon-based nanoparticles [2]. 

In addition, the current major lack of knowledge concerns the types, rates, and extent of transformation of 

ENMs before and after the entry in different environmental media. This information is fundamental to assess 

realistic exposure concentrations for living organisms as well as for humans.  

The presentation will focus on the critiacal aspects making research on environmental exposure to ENMs 

highly challenging. 
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1. Introduction 

 
Electrochemical TiO2 photocatalysis is an innovative and rather unknown method of advanced oxidation 

processes (AOP) for water treatment. The photoactive coating is grown directly on titanium wire meshes. It 

shows good mechanical adhesion to the substrate and good electrical conductivity. During the wastewater 

treatment step aimed at removing organic pollutants, an electrical bias can be effectively applied to the 

catalyst through the wire mesh, leading to a synergistic effect with UV light and a faster degradation kinetics 

with respect to either photocatalytic or the electrochemical process. 

Photoactive TiO2 coatings are obtained by a number of techniques including sol-gel, CVD, RF Magnetron 

Sputtering, Plasma Spray, Electron Beam Evaporation, Anodic Oxidation [1] and Plasma Electrolytic 

Oxidation (PEO) [2]. In the present study, the catalyst was obtained by Plasma Electrolytic Oxidation. 

Various studies over recent years have proved the increasing occurrence in effluent of wastewater treatment 

plants (WWTP) of several contaminants of emerging concern (CECs), which are not completely removed by 

the common technologies employed in conventional WWTP. CECs found at highest levels (ng/L to µg/L) 

are pharmaceuticals, artificial sweeteners, pesticides, flame-retardants, plasticizers and perfluoroalkyl 

substances. 

In the present study, the effectiveness of the aforementioned UV-based AOP for CECs removal was explored 

by investigating the decontamination of aqueous solutions containing the pharmaceutical drug 

carbamazepine, which is one of the main CEC in municipal wastewaters. The process was carried out in a 

laboratory-scale tubular photocatalytic reactor working in semi-batch mode under electrical polarization of 

the catalyst. The UV source consisted of a 30 W UV-C lamp emitting at 254 nm. 

 

2. Results and Discussion 

 
The process was also compared to conventional photocatalysis on Degussa P-25 TiO2 powders. Obtained 

results showed that a similar decay with respect to the electrochemical photocatalysis. However, the main 

advantages of the new set-up over the conventional photocatalysis with suspended TiO2 is that no suspended 

catalyst is used in our investigated set-up. In addition, other benefits of the employed approach for the 

degradation of pollutants are the suitable and easy-to-scale-up reactor design and operation costs comparable 

to current advanced oxidation processes. Another advantage is that the production of the TiO2 catalyst by 

PEO is relatively easy. 

Afterwards, the secondary effluent of the municipal WWTP Nosedo, Milan (Italy) was employed as a real 

water matrix in which carbamazepine was again spiked. It was then investigated both the degradation of the 

spiked carbamazepine as well as several other CECs that were present in the secondary effluent at 

concentration levels between 20 ng/L and 2 µg/L. The photocatalytic treatment of the effluent was performed 

under the same conditions employed with the spiked synthetic water. 
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Results demonstrated removal below LOQ for both carbamazepine and all the target CECs detected in the 

wastewater after 45 min with slightly lower degradation rates with respect to the spiked synthetic water 

solution. Overall, the employed electrochemical photocatalytic process demonstrated to be effective in 

removing the target CECs even in a real water matrix such as the wastewater effluent. 

 

 
 

Fig. 1 – Removal of carbamazepine in secondary wastewater effluent by the electrochemical 

photocatalytic process employing the TiO2 mesh. The degradation with UV alone as well as with 

without any bias applied is also shown. 
 

 

In addition, insights were carried out in order to assess the formation of transformation products and to 

compare them with respect to the conventional photocatalysis employing suspended TiO2. 

The detection of transformation products of investigated CECs was performed by liquid chromatography 

coupled to high-resolution mass spectrometry (LC-HRMS) analyses by employing a non-target analysis 

approach based on the processing of accurate MS and MS/MS data by open source databases and software. 

Specifically, the employed analytical set-up was finalized to detect a wide range of transformation products 

in terms of both polarities, namely from medium polar to very polar and ionic, and ionization in the MS, 

namely compounds detectable in both positive and negative ion mode. Such an analytical set-up was carried 

out by analyzing the sample four times, namely with a C18 column and with a hydrophilic interaction 

chromatography (HILIC) column, being each column employed for both positive and negative ion mode 

detection. 
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1. Introduction 

 
Microplastics (MPs) play a major role in the global litter problem, and their detection and identification is 

fundamental to tackle environmental issues. Traditional methods for the identification of MPs involve 

density separation (e.g. using salt solutions), pre-treatment with chemicals (acids/bases, oxidants, enzymes, 

solvents), or visual separation with optical microscopes. However, these operations can be time-consuming, 

expensive, or affected by bias. Therefore, there is the need to develop reliable, precise, and fast 

methodologies for the identification of MPs without separation from matrices such as filters and membranes. 

Coupling microscopy with Fourier Transform Infrared Spectroscopy (µFTIR) enables the non-invasive and 

non-destructive detection of fragments and microfibers directly in-situ. In particular, the use of Focal Plane 

Array (FPA) detectors allows the simultaneous acquisition of spatially resolved IR spectra on an array of n x 

n pixels, each pixel corresponding to an independent spectrum. This technique can thus be used for the 

identification of low amounts of analytes that are heterogeneously distributed on relatively large areas (from 

thousands of µm2 to some cm2), with high spatial resolution (1.1-5.5 µm), using arrays of 64x64 and 

128x128 pixels.  

 

2. Results and Discussion 
 

The largest currently available array (128x128 pixels), with a spatial resolution of 5.5 µm, was used to 

identify plastic microfibers collected in sub surface waters near-shore and off-shore the coastal area of the 

Ross Sea (Antarctica) [1]. The µFTIR measurements were carried out in reflectance mode, to analyze the 

fibers on non IR-transparent filters after drying, with no further sample preparation. The 2D imaging of 

characteristic functional groups allowed the identification of different classes of polymers, namely 

polyethylene (PE) and polypropylene (PP) (57.1%), polyester (PL) (28.6%), polytetrafluoroethylene (PTFE) 

(5.6%), polymethyl methacrylate (PMMA) (5.6%), and polyamide (PA) (2.9%). Low density polymers (PP, 

PE) are typically found in the surface microlayer of the sea, but fouling with algae and diatoms increase their 

density, so that they can also be collected within 10 m from the surface. Water fronts can cause partial 

submersion too. High density MPs (PL, PA) are usually found in the benthos, but can enter the water column 

through high-flow rate or turbulence. The identification of MPs was possible despite the strong IR 

absorptions exhibited by the sediment present on the filters, mainly algae that show typical bands of proteins 

and carbohydrates (OH stretching, CH stretching, amide I and II, C-H bending, sugar ring vibrations), 

besides salts and sand. Figure 1 shows a representative case, where the C=O stretching absorption (1742 cm-

1) of a fiber is imaged, contributing to the identification of PMMA (along with the imaging of other 

diagnostic bands). With regard to detection limits, it must be noticed that the sensitivity of an FPA detector 

can be significantly higher than that of a conventional mercury cadmium telluride (MCT) detector, when 

analytes are distributed heterogeneously over a substrate, owing to the possibility of detecting local (few 

µm2) concentrations. For instance, in the FTIR detection of trace amounts of materials, it has been found that 

the lowest concentration of analyte detected with an FPA detector can be 4.6 times lower than that observed 

with a conventional MCT [2]. 
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Fig. 1 – µFTIR 2D Imaging of microplastics, using an FPA detector. Left panel: Visible light map 

of a filter covered with algae, with a plastic microfiber lying on it. Right panel: the corresponding 

2D FTIR Imaging map, where the intensity of the absorption at 1742 cm-1 (C=O stretch.) was 

imaged (intensity of the band: blue < green < yellow < red). Each pixel corresponds to an area of 

5.5 x 5.5 µm2. Reprinted from Ref. 1, Copyright (2017), with permission from Elsevier. 

 

3. Conclusions 
 

µFTIR 2D Imaging, using FPA detectors, allowed the feasible identification of MPs fibers and fragments, 

without any pre-treatment (other than drying) of the filters where the samples were collected, despite the 

presence of organic and inorganic sediment. The complete non-invasiveness of the method reduces potential 

bias and allows subsequent analysis for determining other classes of contaminants. PE and PP were 

predominantly found among the detected MPs. The results evidenced the potential impact of activities in the 

Ross sea coast, e.g. marine activities for scientific purposes, and sewage treatment plant. 

The possibility of working in transmittance, reflectance and ATR (Attenuated Total Reflectance) mode, 

makes µFTIR 2D Imaging highly versatile, with applications that span, besides environmental chemistry, 

also biomedicine (analysis of tissues) and conservation of cultural heritage (assessment of the degradation 

and cleaning of artifacts). Recent developments in the detection and identification of MPs include automated 

approaches to reduce the time needed for data analyses, for instance using novel analysis pipeline that 

includes spectral identification software and image processing modules [3]. 
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1. Introduction 

 
Antimicrobial multidrug resistance has nowadays become a serious threat for humans’ and animals’ health. 

Emerging pollution results to be the main cause: pharmaceuticals and personal care products “PPCPs”, 

contain several organic compounds, like antibiotics, hormones and pharmaceutical drugs [1]. These 

pollutants have become ubiquitous because the use and/or abuse, for human and veterinary purposes, of such 

products resulted in a continuative replenishment in the environment, which led to the persistent presence of 

this compounds in waters and soils. For this reason, bacteria are developing multidrug resistance, and for 

patients undergoing cures in intensive care units, there are risks of several complications due to the rapid 

colonization of biofilm-forming pathogens, which adhere to surfaces of man-mad biomaterial and made 

themselves responsible for sustained inflammatory processes. The aim of this work is to study a composite 

material, prepared by electrospinning technique, which is made up by polydimethylsiloxane, “PDMS”, and 

TiO2 nanoparticles. 

 

2. Results and Discussion 
 

Poly (dimethyl siloxane) “PDMS” is a highly hydrophobic, mechanically and thermally stable polymer 

whose features are attributable to its Si-O bonds, which can resist to TiO2 activity with respect to average 

carbon-based polymers. Therefore, PDMS is widely used in different fields, such as sealants, separating 

membranes and biomedical devices. PDMS hydroxyl terminated prepolymers with two different molecular 

weights and therefore viscosities (20.000 e 50.000 cSt); TEOS (tetraethyl orthosilicate) as multifunctional 

cross-linking agent; THF as solvent and HNO3 for hydrolysis reactions were used [2]. The electrospinning 

process can guarantee a fibrous structure with microscale dimensions (Fig. 1). In order to obtain the cross-

linked PDMS membranes coupled with TiO2, a Sn-based catalyst was used. Bare TiO2 was synthesized 

through a sol-gel synthesis, using titanium tetraisopropoxide, 2-propanol and water (1:35:5, V/V), in 

presence of a minimal amount of nucleation seeds [3]. N-doped TiO2 was obtained by substituting water with 

a 5% (V/V) NH3 solution. An amorphous gel was obtained and it was then subjected to a hydrothermal 

synthesis, to get crystalline anatase TiO2. This composite appears as a white soft sheet and combines the high 

adsorbent capacity and the macroscopic handling of the membrane with the photocatalytic antibacterial 

features of TiO2. The photocatalytic activity of this system can be activated by a neon light source, whose 

photons have sufficient energy to activate bare and N-doped TiO2. For this work, different synthetic 

conditions were investigated, varying the PDMS prepolymers ratio, the temperature and the time of the 

polymer synthesis and the electrospinning conditions (voltage, flow, distance from the electrodes). The 

synthesized samples were characterized by means of rheological measurements, FE-SEM and recycling 

photocatalytic activity by means of methylene blue degradation while the antibacterial activity was evaluated 

on the abatement of some controlled E. Coli cultures (Fig.2).  

 

3. Conclusions 

 
A detachable composite material with macroscopic maneuverability is obtained and it possess important 

antibacterial features. This material can be employed in a wide range of fields: it can be applied to many 

surfaces, it is easily activated under artificial light (without UV lamps requirements) and it can be detached 

without difficulties; furthermore, the composite is recyclable. TiO2 activity is not limited by the support 
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because it has a very high surface area and the interaction between PDMS fibers and the catalyst is strong 

enough to avoid the dispersion of the TiO2. Last, the composite material’s synthesis was chosen properly, in 

order to be easily scaled up towards industrial production, and the electrospinning process fits in this choice 

for its easy handling and process parameters’ control. 

 

 

   
 

Fig. 1 –FE-SEM image for a PDMS membrane loaded with TiO2 
 

 

 
 

Fig. 2 – E. Coli growth in PDMS membrane (left) and E. Coli inactivation in PDMS-TiO2 

membrane (right) 
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1. Introduction 

 
The occurrence of biorecalcitrant emerging contaminants (including most notably the pharmaceuticals and 

personal care products, PPCPs) in urban wastewater is a problem of emerging concern, because these 

compounds are poorly degraded by the traditional activated sludge steps in wastewater treatment. Moreover, 

the water solubility of most PPCPs limits their partitioning into the sludge phase, differently from 

hydrophobic compounds that can be removed by adsorption on biosolids even if they are not degraded. 

Therefore, large amounts of emerging contaminants are discharged into the receptor water bodies where they 

can have adverse effects on biota (e.g., algae, fish and crustaceans) and even pose a threat to drinking water 

supplies [1]. The removal of emerging contaminants from wastewater is currently not enforced by the 

European law, but for instance Switzerland is now requiring wastewater treatment plants to become able to 

achieve some removal [2], and a similar EU legislation will likely follow in a few years. 

Among the possible technologies to remove the target compounds from wastewater, extraction/adsorption 

basically shifts the problem to another matrix but leaves open the issue of final degradation. Degradation 

technologies, to be applied either to the water matrix or to an extract containing the pollutants, are thus 

needed to finally deal with the emerging contaminants. One promising degradation approach is represented 

by advanced oxidation technologies (AOTs), where a strong oxidant (in many cases the OH radical) is 

generated and reacts with the pollutant(s). The application of AOTs has so far been limited by their cost, and 

from an economic point of view, the Fenton processes show several advantages over competitive AOTs in 

terms of both investment and running costs [3]. In the case of the Fenton reaction (Fe2+ + H2O2  FeOH2+ + 
OH) the main costs are linked with the purchase of chemicals. The highest cost contribution comes in fact 

from H2O2 and the acids/bases needed to correct the pH to the optimal Fenton value (pH 3) and to adjust it 

around neutrality after treatment and before wastewater discharge. Another issue is the precipitation of 

Fe(OH)3 under neutral conditions, which produces a slurry that has to be disposed of as well.  

To tackle the main problems mentioned above, the heterogeneous Fenton processes have been developed 

with the following purposes: (i) to use iron already in the solid form, instead of dissolved Fe2+, so that the 

solid can be eventually recovered at the end of the treatment and reused for another treatment step (note that 

the Fe(OH)3 slurry can no longer be used in the Fenton reaction); (ii) to shift the operational pH towards 

higher values compared to the homogeneous Fenton reaction that works best at pH 3 and becomes inactive 

above pH 4. If the solid materials are magnetic (e.g., magnetite, titanomagnetites, metallic iron) the removal 

of the solid phase after treatment becomes much easier, which understandably accounts for the considerable 

interest towards this approach. In previous works [4,5] (some of which are being presented as posters in the 

framework of this congress) we have assessed many of the mentioned magnetic materials, which showed 

important limitations. This contribution presents the case for metallic iron (also known as zero-valent iron, 

ZVI), which appears to be by far the best performing magnetic material in heterogeneous Fenton.  

 

2. Results and Discussion 

 
Preliminary experiments suggested that the ZVI-Fenton technique was very effective in the degradation of 

0.1 mM phenol, but the pH variations during the process played a potentially very important role. Indeed, the 

oxidative degradation of phenol yields carboxylic acids among the ring-opening intermediates [6], which can 

decrease the solution pH (e.g., from 6 down to 4) and boost the Fenton process as a consequence. However, 

by using a lower initial concentration of phenol (50 µM) and a phosphate buffer to keep the pH stable when 

its initial value was 5 or higher, it was possible to obtain complete phenol degradation in a matter of minutes 

even at pH 5. The optimal pH was still 3 as is typical of the Fenton reaction, but it is important to have 
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significant reactivity at higher pH because it allows for saving pH-regulating reagents (potentially halving 

the needed cost for chemicals) and for obtaining a treated waste with limited ionic strength, which helps 

considerably in the possible re-use of wastewater after treatment. 

Another advantage of operating at relatively high pH is the limitation of Fe leaching. Indeed, while the 

amount of dissolved Fe after treatment at pH 3 exceeded the 2 mg L1 limit for wastewater discharge (which 

would require an additional Fe elimination step), leached Fe became very low at pH 4 and undetectable at pH 

5. This positive issue, combined with the significant phenol degradation at pH 5, suggests that the Fenton 

process takes place by reactions at the ZVI surface rather than via dissolved species. A likely reaction 

sequence at pH 5 could thus be the following: 

Fe0 + H2O2  Fe(OH)2 

Fe(OH)2 + H2O2  Fe(OH)3 + OH 

Note that pH variations within at most 0.2 units were observed during phenol degradation in the presence of 

a phosphate buffer. Interestingly, and differently for instance from (titano)magnetites, ZVI maintained 

significant Fenton reactivity even after poor storage under air/moisture conditions, probably because the 

Fe(OH)2 species thus formed are still reactive towards H2O2. The Fenton process also led to a certain degree 

of phenol mineralisation to CO2, which suggests the ability of ZVI-Fenton to oxidise the phenol 

transformation intermediates as well. Finally, it is possible to engineer the process so as to obtain elimination 

of H2O2 by iron, without the need of a further step aimed at the elimination of residual (and toxic) H2O2. 

Phenol was here chosen for experimental convenience and because it is largely studied, thereby allowing for 

the comparison between ZVI-Fenton and other processes that use different Fe species. Further degradation 

experiments were carried out with diclofenac as substrate, which is the pharmaceutical that causes the most 

concern due to its occurrence in surface water bodies following its discharge in wastewater [7]. 

 

3. Conclusions 

 
ZVI-Fenton appears as a very promising technique for the oxidative degradation of emerging contaminants 

in wastewater. Compared to the traditional Fenton process, the ability of ZVI-Fenton to operate effectively at 

pH 5 instead of 3 offers the following advantages: (i) a decrease in the reagent costs, because the largest 

expenditure would be that for H2O2 instead of both H2O2 and H2SO4/CaO; (ii) the limited salinity of the 

resulting wastewater, following the limited amounts of acids and bases required, and (iii) the low levels of 

dissolved Fe that could be safely discharged without a precipitation step. Additional studies will carry out 

ZVI-Fenton degradation with a wider range of pollutants and under more realistic conditions (e.g., treatment 

of real wastewater), to assess its practical applicability in the field of wastewater treatment and reuse. 

References 

[1] Richardson S.D., Ternes T.A. (2014) Water analysis: emerging contaminants and current issues. Analytical 

Chemistry 86, 2813–2848. 

[2] ICPR (2013) 15th Conference of Rhine Ministers, Communiqué of Ministers, 28 October 2013, Basel, International 

Commission for the Protection of the Rhine (ICPR). http://www.iksr.org. 

[3] Maldonado M.I., Passarinho P.C., Oller I., Gernjak W., Fernandez P., Blanco J., Malato S. (2007) 354–363. 

[4] Minella M., Marchetti G., De Laurentiis E., Malandrino M., Maurino V., Minero C., Hanna K. (2014) Photo-Fenton 

oxidation of phenol with magnetite as iron source. Applied Catalysis B: Environmental 154, 102–109. 

[5] Avetta P., Pensato A., Minella M., Malandrino M., Maurino V., Minero C., Hanna K., Vione D. (2015) Activation 

of persulfate by irradiated magnetite: Implications for the degradation of phenol under heterogeneous photo-Fenton-like 

conditions. Environmental Science & Technology 49, 1043–1050. 

[6] Pimentel M.A.S., Oturan N., Dezotti M., Oturan M.A. (2008) Phenol degradation by advanced electrochemical 

oxidation process electro-Fenton using a carbon felt cathode. Applied Catalysis B: Environmental 83, 140–149. 

[7] Petrie B., Barden R., Kasprzyk-Hordern B. (2015) A review on emerging contaminants in wastewaters and the 

environment: Current knowledge, understudied areas and recommendations for future monitoring. Water Research 72, 

3–27. 

  

https://www.sciencedirect.com/science/article/pii/S0043135414006307#!


50 
 

 

 

Identification of the lichen species in historical orchil dyes by HPLC-MS/MS:  

a preliminary study 

 

 

Elisa Calà1elisa.cala@uniupo.it, Maurizio Aceto1, Marcello Benzi1, Fabio Gosetti1,  

Monica Gulmini2, Ambra Idone2, Ilaria Serafini3, Alessandro Ciccola3, Flaminia Vincenti3,  

Annalisa Salis4, Gianluca Damonte4, Manuel Salustri5. 
1Dipartimento di Scienze e Innovazione Tecnologica, Università degli Studi del Piemonte Orientale, viale T. Michel, 11, 

15121 Alessandria, Italy 
2Dipartimento di Chimica, Università degli Studi di Torino, via P. Giuria, 7 – 10125 Torino, 

 3Dipartimento di Chimica, Università di Roma “La Sapienza”, Piazzale Aldo Moro 5, 00185 Roma, Italy 
4Centre of Excellence for Biomedical Research (CEBR), Università degli Studi di Genova, viale Benedetto XV, 5 - 

16132 Genova, Italy 
5Dipartimento di Biologia Ambientale, Università di Roma”La Sapienza”, Piazzale Aldo Moro 5, 00185 Roma, Italy 

 

 

 

1. Introduction 

 
Orchil is a purple dye extracted from lichens, widely used since 6th century [1] as a substitute for the rare and 

expensive Tyrian purple. It was used for dyeing parchments, yarns and textiles and as a colorant in 

illuminated manuscripts. The dye was produced since Antiquity through a process occurring into at least 

three weeks by soaking lichens in ammonia in order to promote the transformation of the chemical 

precursors. The process is slow, as it takes at least three weeks, and produces phenoxazonic compounds 

collectively knowns as orceins [2]. Orchil can be obtained from different lichen species, which are native of 

specific regions or geographical areas. Since each species can have a typical set of chemical precursors, the 

final set of orceins could be characteristic of the species, even if the macroscopic features of the dye could be 

similar in terms of hue and spectral responses upon analysis. The goal of our project is identifying a 

recognition pattern of the most common lichen species (Lasallia pustulata, Ochrolechia tartarea, Roccella 

tinctoria) by means of HPLC-MS/MS analysis, in order to develop a tool linked geographical specificity, 

useful to determine the origin of  real samples dyed with orchil. This information could in fact lead to 

hypothese the possible trade and exchange routes of the purple dye. Through the creation of a database 

obtained from the analysis of three standards extracted from lichens, prepared in the laboratory using ancient 

recipes, and the synthetic standard of orcein (Sigma-Aldrich), we have studied the composition of some wool 

and silk fabrics dyed with orchil of known species by expert craftsmen, and of four real samples (Fig.1) with 

different origins and dates: (a) a fragment of purple parchment from the Codex Brixianus, (6th century, 

Biblioteca Civica Queriniana, Brescia); (b) a wool fragment of the embroidery on the cover of the Medical 

Almanac MS.8932 (1420, Wellcome Library, London); (c) a silk thread taken from a charter of the 

Privilegium maius, a fraudulent document created by Habsburg Duke Rudolf IV (1358-1359, 

Österreichisches Staatsarchiv, Vienna); (d) a fragment of purple parchment from the Vienna Genesis, a 

purple illuminated manuscript (6th century, Österreichische Nationalbibliothek, Vienna). 

 

2. Results and Discussion 

 
Lasallia pustulata, Ochrolechia tartarea and Roccella tinctoria were chosen because they can be reputed as 

the species more commonly used in the past [3]. By means of a series of consecutive data dependent-analysis 

HPLC-MS/MS experiments, the most significant precursor/product ion transitions were chosen for each 

lichen species investigated, in order to build a sensitive final multiple reaction monitoring HPLC-MS/MS 

method. The orchils obtained from the three lichen species studied in this work showed a slightly different 

composition compared to that of their synthetic version, i.e. Sigma-Aldrich’s orcein, and also showed some 

specific components for each species. Through the use of this diagnostic method, combined with a 

multivariate analysis using the principal component method (PCA), it was possible to discriminate the three 

groups (items dyed with Lasallia pustulata, with Ochrolechia tartarea and with Roccella tinctoria) and, on 
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this base, to determine the lichen species used for the different real samples, as well as hypothesising their 

geographical origin area or the commercial route, through which orchil was sold in the past. 

 

Fig. 1 – a) Codex Brixianus (6th century, Biblioteca Civica Queriniana, Brescia),  

b) Privilegium maius, charter AUR 1845 (1358-1359, Österreichisches Staatsarchiv, Vienna),  

c) MS.8932 (1420, Wellcome Library, London),  

d) Vienna Genesis (6th century, Österreichische Nationalbibliothek, Vienna). 

 

 

3. Conclusions 

 
Orchil is one of the most used purple dyes in the ancient world, although it has been rarely identified by 

chemical analysis; in addition, there are very few studies are focused on the possible identification of  the 

lichen species used [4]. The present study provides preliminary results towards the development of a useful 

method for the recognition of three of the most widespread lichen species used to obtain orchil, applied to the 

characterization of the dye when used for dyeing purposes of fabrics, yarns and parchments. Of course the 

use of further lichen species for the production of orchil in Antiquity and in middle Ages cannot exclude, and 

further work is necessary in order to consider all the possible sources. 
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 1Dipartimento di Scienze Chimiche e Geologiche, Università di Cagliari, Cittadella Universitaria, Monserrato, 09042, 

Italy 
2Consorzio Interuniversitario Nazionale per la Scienza e Tecnologia dei Materiali (INSTM), Cagliari Unit, Firenze, 

50121, Italy 
3Department of Inorganic Chemistry, Charles University of Prague, Prague 2, 128 43, Czech Republic 
4Institute of Structure of Matter, National Research Council (CNR), Monterotondo Scalo, 00015, Italy 

5Consorzio AUSI, CREATE, Palazzo Bellavista Monteponi, Iglesias, 09016, Italy 
6Dipartimento di Storia, Beni Culturali e Territorio, Università di Cagliari, Cittadella dei Musei, Cagliari, 09124, Italy  

 

 

 

1. Introduction 

 
Obsidian, generally identified as a natural volcanic glass originated by fast cooling of acidic lavas[1], has 

been defined as the Neolithic black gold for its wide employment during this period due to its mechanical 

properties, workability and conchoidal fractures. The recovery of obsidian artefacts in the archeological sites 

is of fundamental, being a well-preserved material over time useful to get insights on the socio-economical 

organization of the Neolithic communities. Indeed, the geological sources are few and provenance studies 

conducted on the artefacts permit to determine the ancient exchange routes of this raw material.[2] In the 

Western Mediterranean, only four geological sources were available at that time: Monte Arci (Sardinia), 

Palmarola, Lipari, and Pantelleria. Moreover, geochemical subsources can be identified within each main 

source, corresponding to temporally and/or spatially distinct eruptive events and characterized by different 

chemical composition and properties. The differences can be therefore exploited to discriminate obsidian 

sources and subsources and to determine the provenance of the artefacts.[3, 4] 

In this work, obsidian has been characterized by portable X-Ray Fluorescence to discriminate the four 

archaeologically-relevant geochemical subsources of Monte Arci (SA, SB1, SB2, SC) through the analyses 

of 16 milled and 43 intact geological samples and to assign four artefacts. 

Moreover, the nature of obsidian in terms of microstructural, morphological and magnetic properties has 

been investigated by X-ray diffraction (XRD) and Rietveld refinement, 57Fe Mössbauer Spectroscopy, DC 

magnetometry and Transmission Electron Microscopy (TEM, HR-TEM).[5] 

 

2. Results and Discussion 

 
XRF spectra of both archaeological and geological samples showed the spectral lines of K, Ca, Ti, Mn, Fe, 

Zn, Rb and Sr. Different ratios between the integral areas associated with the Kα peaks were used to 

discriminate the Monte Arci subsources. The SA, SB and SC groups were successfully distinguished 

whereas the sub-discrimination between the SB1 and SB2 groups was more difficult (Fig.1a). In particular, 

90% of the geological samples and 100% of the artefacts were correctly attributed to their provenance 

subsource, with the 10% error associated with SB1 and SB2 samples. 

XRD, TEM and HR-TEM revealed the presence of a glassy matrix together with micro- and nanocrystalline 

phases (quantified by Rietveld refinement), among which iron-containing phases like biotite, iron-rich 

pyroxene, and a nanostructured spinel iron oxide were also found (Fig.1b). This finding allowed the use of 
57Fe Mössbauer Spectroscopy, that coupled with DC magnetometry, revealed a great variety of magnetic 

behaviours: paramagnetism, antiferromagnetism, ferrimagnetism, superparamagnetism, exchange bias 

phenomena. Furthermore, the 57Fe Mössbauer Spectroscopy was of precious support in confirming the 

presence of biotite thanks to the interpretation of the asymmetric doublet in the light of Goldankii-Karagyn 

effect, accounting for the different vibration amplitudes of the iron ions along one crystallographic axis with 

respect to the other ones, due to the layered structure of biotite. 
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Fig. 1 – Sketch of the archaeometry (a) and material science (b) studies carried out on the Monte 

Arci obsidians to determine the provenance of the artefacts and the microstructural, morphological 

and magnetic nature of the raw material. 

 

3. Conclusions 

 
This work demonstrates on the one hand that portable X-Ray Fluorescence can be successfully employed for 

not destructive provenance studies on obsidian artefacts providing a fast and low-cost tool for the distinction 

of the Monte Arci subsources. On the other hand, a multitechnique approach, commonly adopted to 

characterize artificial materials, allowed to get new insights on the microstructural and magnetic nature of 

obsidian, outlining the image of a nanocomposite material made up of a glassy matrix and different micro 

and nanocrystalline phases responsible for a variety of magnetic behaviors. 
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1. Introduction 

 
The accessibility and distinctive chemical-physical properties of bitumen have made it one of the materials 

of choice since Middle Paleolithic. It was widely used as adhesives, hydro-repellents, coating and sealing 

agents to produce stone tools, ceramic vessels, ornaments and work of art [1]. Natural bitumen is a complex 

mixture of long-chain acyclic hydrocarbons, cyclic compounds such as terpanes and steranes, and 

asphaltenes (high molecular weight fraction) originated from crude oil. Terpanes and steranes are used as 

biomarkers for chemical fingerprinting and ratios between specific compounds from these two groups are 

useful for characterization of bituminous materials [2]. Bitumen chemical composition varies depending on 

the area of origin, this means that through the characterization of the samples it is possible to establish the 

source of bitumen and consequently to hypothesize the origin of artifacts by comparison with reference 

materials.  

In last decade of the last century, several studies have been focused on bituminous materials characterization, 

with application in geochemical context, in which methods based on GC-FID and GC/MS are the most 

employed. However current analytical procedures require sample quantities that are often unavailable in the 

case of archaeological finds. Furthermore samples undergo chemical pretreatments leading to possible loss 

of analytes and contamination [3]. Thus, adaptation of classical analytical protocols or development of 

innovative approaches are necessary. Recent developments of analytical pyrolysis, have demonstrated its 

suitability and versatility for studying samples from cultural heritage [4]. Techniques based on analytical 

pyrolysis require significantly lower amounts of sample than the quantities needed for gas chromatographic 

analyses. Moreover, the sample is not subjected to any pretreatments.  

This work aims at testing pyrolysis techniques, such as EGA-MS (evolved gas analysis mass spectrometry) 

and Py-GC/MS (double and single shot), in order to obtain the same information about biomarkers, and 

therefore bitumen origin, inferred from GC/MS. For this purpose, geological bituminous rocks from Central-

Southern Italy were primarily selected as reference materials to optimize experimental parameters. 

Consequently, the procedure was employed to study bituminous residues sampled from Neolithic stone tools 

from Italian archaeological excavations. 

 

2. Results and Discussion 

 
Analytical pyrolysis analyses were performed on ten bituminous rocks from Abruzzo, Lazio and Sicily and 

on six archaeological samples collected from Neolithic stone tools (Fig. 1) recovered in Colle Cera and 

Catignano excavation (both in Abruzzo).  

EGA-MS thermograms of references materials exhibit two peaks, ascribable to two main degradation steps, 

with maximum temperatures of 250 °C and 460 °C, while thermograms of archaeological samples show a 

single degradation step with maximum at 460 °C. The average mass spectra associated to the peaks suggest 

that during the first degradation step more volatile free hydrocarbons compounds are desorbed, while at 

higher temperatures the asphaltenic matrix decomposes releasing the retained species. We assume that the 

absence of the first degradation peak in the archaeological samples is due to evaporation of the more volatile 

fraction caused by anthropogenic treatments performed on bitumen or by the archaeological environment of 

the stone tool.  
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Double shot pyrolysis gas chromatography/mass spectrometry was performed at temperatures selected 

basing on EGA-MS results. Several biomarkers were identified in the pyrograms and despite the low 

resolution, Py-GC/MS analysis provides similar chromatographic profiles to those obtained from GC/MS. In 

order to compare the two techniques, selected biomarkers ratios were calculated basing on chromatographic 

peaks areas obtained from the two analyses. Values recorded are quite coherent proving that analytical 

pyrolysis can be suitable for biomarkers analysis. 

 

 
 

Fig. 1 – Pictures of Neolithic stone tools from Colle Cera and Catignano excavations from which 

bitumen was collected  

 

3. Conclusions 

 
This study proves that analytical pyrolysis in an appropriate approach suitable for studying bituminous 

materials from archaeological context, given that it requires small quantities of sample and no pretreatments. 

In addition, we demonstrated that the information achievable on biomarkers Py-GC/MS analysis is 

comparable with data obtained from GC/MS. 
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1. Introduction 

 
The main scientific and technological efforts in the field of wastewater treatment have been focused in the 

past on the implementation of plants able to reach a total abatement of the main macro-pollutants [1]. In this 

context, the widely implemented technologies based on activated sludge are able to satisfy the most recent 

legislations for the preservation of water resources. However, the attention of the scientific community in the 

field of water treatment has recently shifted to the ubiquitous occurrence of micro- and biorecalcitrant 

contaminants in water environments. These compounds are not or are only partially removed by the 

conventional wastewater treatment plants (WWTPs), which has arisen concern in several governmental 

authorities around the world [2,3]. 

Furthermore, the only partial abatement of micro-pollutants by the traditional WWTPs hinders a safe re-use 

of the water after treatment (e.g., for agriculture). This issue limits the resilience of human societies that live 

in environments where water resources are either scarce, or will become so as a consequence of climate 

change. In the absence of a total removal of micropollutants, the need to close the water cycle to save water 

would in fact magnify the concentration of these compounds and cause problems to both human health and 

natural ecosystems. 

Among the possible strategies to technologically update the existing WWTPs, it is well documented the 

ability of the advanced oxidation processes (AOPs), and particularly of the Fenton reaction, to remove many 

recalcitrant pollutants [4,5,6]. 

In this work we investigated the coupling of a negatively charged loose nanofiltration (NF) membrane 

(HydraCoRe70, made up of sulphonated polyethersulphone) with the thermal Fenton process to enhance 

xenobiotics removal. Carbamazepine (CBZ), a drug prescribed mainly for epilepsy treatment, is here used as 

model xenobiotic. 

 

2. Results and Discussion 

 
After optimizing the conditions for separation and degradation, the NF-Fenton approach was applied to both 

synthetic wastewater containing organic macromolecules (humic acid, sodium alginate and bovine serum 

albumin) able to scavenge the reactive species formed during the Fenton process and real samples from an 

urban WWTP, to assess the overall efficiency of CBZ removal.  

The Fenton degradation of CBZ was drastically enhanced in nanofiltered samples (see Fig. 1), thanks to the 

removal by the membrane of nearly all organic matter that would otherwise consume the reactive oxidizing 

species (e.g., the hydroxyl radical or iron super-oxidized species such as the ferryl ion).  

Based on a preliminary treatment costs analysis, it can be concluded that the combined process is potentially 

applicable to the treatment of several kinds of wastewaters (e.g., industrial ones) to favor the removal of 

biorecalcitrant contaminants. Key cost savings of NF-Fenton concern the lower amounts of Fenton reagents 

needed to degrade CBZ and (even more importantly) the decreased levels of acids and bases for pH 

adjustment before and after the oxidative process, due to the lower buffer capacity of the NF permeate 

compared to feed wastewater, following the removal by NF of many inorganic ions and of most organic 

carbon. 
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Fig. 1 – Time trend of CBZ in 5-additions experiments, shown in duplicates (C0 = 0.5 ppm, pH 3 by 

H2SO4, H2O2 0.5 mM + Fe(II) 0.05 mM for each addition step), in real waste water sample, used 

as-is or previously subjected to NF. 

3. Conclusions 

 
The NF-Fenton coupling is here proposed as a useful approach to reach an efficient Fenton removal of 

biorecalcitrant contaminants in wastewater samples that are rich of interfering species. The loose NF 

membrane showed an excellent ability to remove scavengers, consisting of both high molecular weight 

compounds in synthetic solutions, and of the TOC (as well as ions, total nitrogen and total organic nitrogen) 

in actual wastewater. The NF-Fenton approach could considerably enhance the degradation of 

micropollutants compared to Fenton alone, when applied to a complex water matrix, thereby allowing a 

significant saving in the use of reagents. Indeed, the NF-Fenton system is significantly effective in the 

presence of high concentration values of interfering species. In contrast, the coupling of Fenton with NF 

seems much less justified when operating on matrices containing fewer interfering agents. Moreover, the NF 

step carries out a notable improvement of the overall water quality, by considerably decreasing the levels of 

TOC, TON and of the main inorganic nutrients such as nitrate, ammonia and phosphate.  However, an in-

depth evaluation of the change of the permeation ability at long working times, for instance to properly 

assess the role of fouling on the overall features of the NF membrane.  

Quite interestingly, the cost savings allowed by NF-Fenton are due to both the lower levels of Fenton 

reactants needed to degrade CBZ in the presence of fewer scavengers, and to the lower amounts of acids and 

bases required for pH adjustment before and after the Fenton treatment. 

The technology here proposed might be considered even for the treatment of industrial wastewater (e.g., 

textile and/or pharmaceutical industries) where the effluents are often characterized by the concomitant 

presence of high concentrations of biodegradable agents, easily removed by common activated sludge 

processes, and biorecalcitrant micropollutants. This technology gives water of very high quality that is 

potentially re-usable in human activities: its application may be favored either by legislative actions that are 

going to force toward the total abatement of contaminants of emerging concern from civil/industrial 

wastewaters, or by the need to re-use wastewater in the framework of water-scarcity conditions. 
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1. Introduction 

 
Glucocorticoids (GCs) are anti-inflammatory and anti-rheumatic drugs used both for humans and veterinary 

therapy. After administration, they are metabolized in hepatic and extrahepatic sites, and excreted by kidneys 

[1]. They have been detected at concentration levels ranging from few ng L-1 up to some tens of ng L-1 in 

environmental waters [2,3], where they may stimulate adverse effects on human health and other living 

organisms [4]. To date, indeed, sewage treatment plants are not able to efficiently abate a substantial part of 

organic pollutants, particularly drugs. As a consequence, pharmaceutical residues in the environment and 

their fate are becoming an issue of increasing importance. Among advanced oxidation processes, 

heterogeneous photocatalysis is a potential and effective application for the abatement of persistent 

pollutants in water system. TiO2 is the most used photocatalyst, because it is chemically stable, non-toxic, 

inexpensive and extremely efficient. 

 

2. Results and Discussion 

 
In this work, the photolytic and the photocatalytic degradation of seven GCs (Betamethasone, Cortisone, 

Dexamethasone, Hydrocortisone, Prednisolone, Prednisone, Triamcinolone acetonide) were studied under 

simulated and natural solar light radiation both in tap and raw river water at concentrations in the range of 

milligrams/micrograms per liter (10 mg L-1 and 50 µg L-1). 

First experiments were carried out in tap water under simulated solar light at 10 mg L-1 GCs concentration, 

and in the presence of the catalyst (0.5 g L-1). Both direct photolysis and heterogeneous photocatalysis obey a 

first order kinetic. All GCs were degraded in 4-6 h (fig. 1a), except for Cortisone and Hydrocortisone, which 

required a time longer than 48 h. On the contrary, the presence of TiO2 allowed a complete abatement of all 

GCs within 40-60 min (fig. 1b). 

 

 

Fig. 1 – Decomposition profiles of GCs (10 mg L-1, tap water, simulated solar light) under direct 

(a) and TiO2-promoted photolysis (b). 
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With the aim to investigate the mechanistic pathways, the former photoproducts were monitored by HPLC-

UV and analyzed by HPLC with electrospray ionization tandem mass spectrometry detector (HPLC-ESI-

MS/MS). Their amounts never exceeded 16% and 8% during the photolytic and photocatalytic irradiations, 

respectively. In the absence of the catalyst, the observed lifetime of some of the photoproducts was longer 

than those of the starting molecules, while in the presence of TiO2, it was always shorter. The potential eco-

toxicological effect of the photoproducts was assessed according to the ISO standard test based on V. Fisheri 

luminescence inhibition and P. Subcapitata algal growth inhibition. The percentage of inhibition was 

assessed in parallel for an irradiated solution (B) containing the maximum amount of photoproducts and a 

residue of the parent compound and a not irradiated solution (A) containing the same GCs concentration as 

in B but not the photoproducts.  

To better mimic the actual environmental conditions, further experiments were carried out in raw river water 

at low concentration (50 µg L-1) under simulated and natural sunlight. Matrix composition seems to affect the 

degradation rate of most of the GCs. In particular, it seems to be able to slow down GCs degradation in the 

presence of TiO2. 

 

3. Conclusions 

 
The results clearly indicate that TiO2 ensures a quick and exhaustive abatement of GC drugs in aqueous 

matrix, also under natural sunlight. Experiments carried out in raw river water at low concentration under 

simulated sunlight show that matrix composition affects the degradation rate of most of these anti-

inflammatories. 

Based on the first findings from eco-toxicological tests, GCs and their photoproducts seem to exert an 

eutrophic effect on the organisms tested. 
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1. Introduction 

 
Photocatalysis is a very interesting phenomenon which find applicability in several field such as antibacterial 

agent and water treatment. In particular, the use of photocatalysts is a promising way for the removal of 

pollutants (e.g. antibiotics) in aqueous matrix. Probably, the most used photocatalytic agent is the titanium 

dioxide in nanometric sizes due to its strong oxidizing ability, excellent chemical stability, long durability 

and reusability, non-toxicity, low cost and high surface to volume ratio. Unfortunately, TiO2 nanoparticles 

(TiO2 NPs) possessing a large bang gap (~ 3.2 eV), require a UV excitation to induce the photocatalytic 

process. Consequently, the direct use of the sunlight, the most available and cheaper radiation which can be 

chosen, does not allow to reach good results (UV in natural sunlight represents only 5%–8% of the solar 

spectrum). Therefore, several studies aimed to increase the optical visible response of TiO2, i.e. inducing a 

red shift, doping with transition metals (Fe, Cu, etc.) or non – metals atom (N) [1, 2]. Moreover, an increase 

of photocatalytic efficiency can also be reached supporting TiO2 NPs on persistent luminescence materials 

(PeLM) [3]; in fact, PeLM is able to be charged with either natural or artificial radiation and glowing, even 

in darkness, provides additional photons to the catalyst.  

 

2. Results and Discussion 

 
Different nanoparticles formed by of TiO2, TiO2-N, TiO2-Fe and TiO2-Ag doped, and TiO2 functionalized 

with Fe3O4 NPs (TiO2@Fe3O4) were prepared and supported on PeLM (in particular the 

3ZnO:Ga2O3:2GeO2):Cr3+ compounds) which has been obtained at two different crystallization temperature 

(1000 °C and 1100 °C). The syntheses were performed via sol-gel route due to his simplicity and usefulness 

in laboratory scale. The supporting steps involved a solid state reaction or a hydrothermal treatment.  

These syntheses were optimized by subjecting them to a chemometric approach, in which reagents’ ratio, 

temperature and time were varied and the best conditions were found. The samples were then characterized 

by means of XRD, SEM and BET analysis and in particular, their photocatalytic performances were tested 

through the abatement of aqueous methylene blue solutions, using both continuous light and alternating 

light/darkness cycles, under simulated solar light, for a total of 60 minutes. Different results were achieved 

according both to the doping ion and supporting treatment. Generally, the hydrothermal methods lead to 

better results, probably due to possibility to obtain higher crystallinity at quite low temperature (150 °C 

instead of 350 °C) if compared to samples obtained via solid state synthesis.  
 

3. Conclusions 

 
A notable increase on TiO2 NPs photocatalytic efficiency were reached both using doping ions during the sol 

gel synthesis and performing a crystallization via a hydrothermal process. The use of a persistent 

luminescence material results very useful increasing the general efficiency under continuous irradiation and 

allowing the photodegradation in darkness too. 
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Fig. 1 - Behaviour of the emission intensity, in darkness, of the persistent luminescence material 

(PeLM) and of the TiO2 funzionalized  persistent luminescence material (TiO2/PeLM). 

 

 

 
 

Fig. 2 - Degradation profile of OFL under alternate solar light radiation/darkness cycles. 

 

References 

[1] Caratto V., Locardi F., Alberti S., Villa S., Sanguineti E., Martinelli A., Balbi T., Canesi L., Ferretti M. (2016) 

Different sol–gel preparations of iron-doped TiO2 nanoparticles: characterization, photocatalytic activity and 

cytotoxicity, J. Sol-Gel Sci. Technol. 80, 152–159. 

[2] Villa S., Caratto V., Locardi F., Alberti S., Sturini M., Speltini A., Maraschi F., Canepa F., Ferretti M. (2016) 

Enhancement of TiO2 NPs Activity by Fe3O4 Nano-Seeds for Removal of Organic Pollutants in Water, Materials 9, 

771. 

[3] Locardi, F., Sanguineti E., Fasoli M., Martini M., Costa G.A., Ferretti M., Caratto V. (2016) Photocatalytic activity 

of TiO2 nanopowders supported on a new persistent luminescence phosphor, Cat. Comm. 74, 24–27. 

  



62 
 

 

 

Sorption mechanism of humic acids onto natural zeolites 

 

 

Pasquale Iovino1,2 pasquale.iovino@unicampania.it, Cecilia Amoroso1, Sante Capasso2, Stefano Salvestrini1,2, 

Valentina Roviello3, Marco Trifuoggi4 

1 Department of Environmental, Biological and Pharmaceutical Sciences and Technologies, University of Campania 

“Luigi Vanvitelli”, via Vivaldi 43, Caserta (Italy) 
2 Environmental Technologies, University Spin-Off of University of Campania “Luigi Vanvitelli”, Via Vivaldi, 43, 

Caserta (Italy) 
3 CeSMA - Advanced Metrologic Service Center, University of Naples Federico II, Corso Nicolangelo Protopisani, 

80146, Naples (Italy) 
4 Department of Chemical Sciences, University of Naples Federico II, Via Cintia, 80126, Naples (Italy) 

 
 
 

1. Introduction 

 
Humic acids (HA) are widely present in the environment as a result of the biological decomposition of 

organic matter from plants and other organisms. They are polyelectrolytes characterized by a broad 

molecular weight distribution and high chemical heterogeneity. Their concentration in drinking water has to 

be very low, both for the unpleasant color and the taste that these substances impart and, mainly, for their 

negative effects on human health. Several methods have been developed to remove humic substances from 

drinking water in treatment plants: separation by coagulation/flocculation, ion exchange, membrane 

filtration, and adsorption by activated carbon are among the most common. In recent years, other adsorbing 

materials have been proposed as HA-removing agents; among them, the natural zeolites have received 

special attention, for their efficiency in sorption and because they are widespread and cheap materials [1]. 

Zeolites are naturally occurring aluminosilicates used as catalysts and as ion exchanges and molecular sieves 

in the chemical industry and waterworks. From a structural point-of view, they are characterized by high 

surface areas high cation exchange capacities and three-dimensional cage like structures, with channel 

apertures on the order of a few Angstrom units. HA molecules are too big to enter the system of channels and 

cages within zeolite crystals. In previous studies [2, 3] we have shown that the binding ability is markedly 

enhanced when the zeolitic material is enriched with divalent cations, especially Ca2+. It is our opinion for 

understanding this result that calcium ion promotes the aggregation, followed by insolubilization, of HA. 

In this work we report preliminary results on the sorption of HA onto natural clinoptilolite-rich tuff from St. 

Cloud deposit near Winston, new Mexico using fixed-bed column technique. Fixed-bed column is the typical 

operating unit in liquid phase adsorption applications. The aim of the work is to gain information about HA 

sorption onto Ca2+ rich zeolite. For the Ca2+/Na+ ion-exchange reaction in clinoptilolite (L): 

L2Ca(s) + 2Na+
(aq) ⇌ 2LNa(s) + Ca2+

(aq) 

the value reported in literature [4] of the standard Gibbs energy difference (G°) at 298 K is -0.400 and -4.09 

kJ/mol. Apart of the difference in the reported values, both values are negative and their absolute values are 

relatively small, this suggests that in standard conditions the binding of Na+ on clinoptilolite with the release 

of Ca2+ is thermodynamically favored. Moreover, the data show that under appropriate conditions the zeolite 

can be easily saturated with Ca2+. 

 

2. Results and discussion 

 
A natural clinoptilolite-rich tuff from St. Cloud deposit near Winston, New Mexico, particles 1.5-2.0 mm in 

diameter was used; a sample of humic acids (HA) was supplied by Alfa Aesar (Germany). The elementary 

composition and the content of carboxylic and of phenolic groups of HA, and the mineralogical composition 

of the tuff are reported in literature. The HA sample was purified before the use by acid/base treatment and 

dialysis, using membrane with a 6-8 kDa cut-off. The tuff was enriched in Ca2+ by treatment with CaCl2 

solution.  

For the sorption experiments 155 mg of HA, dried at 40 °C in an oven, was added to 1.00 L of deionized 

water and the pH brought at 7.0 by few drops of dilute NaOH, obtaining a complete dissolution of HA. In 
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order to test the NaCl effect on the sorption, NaCl was added to the HA solution , [NaCl] = 0.01 mol L-1. 

Fixed bed column tests were carried out in plastic tube, radius 0.67 cm, height = 18 cm. The column was 

filled with 18.26 g of the natural zeolite in Ca2+ form, eluted upwards by a peristaltic pump at 2.9 mL/h and 

analyzed by UV-VIS spectroscopy at 350 nm. Two bed volume of distilled water was passed through the 

column in order to remove impurities from the adsorbent, then the column was fed by HA solution (without 

NaCl). When the eluent HA concentration (C) was coincident, within the experimental errors, with the eluate 

solution (C0), NaCl was added to the eluent. Interestingly NaCl caused a marked sorption of HA onto the 

Ca2+-zeolite, Fig. 1. Scanning Electron Microscope (SEM) micrographs in Fig.2 shows a comparison 

between the Ca2+-zeolite and Ca2+-zeolite after sorption HA, where it is possible to see an organic layer (HA) 

on the crystals. The analyses of Ca2+ and Na+ cations in the eluate are in progress. 
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Fig.1- Relative concentration (C/C0) versus the eluate volum (V). NaCl was added to the eluate at 

V=70 mL. 
 
 

 
Fig.2 – SEM image of Ca2+-zeolite (A) and Ca2+-zeolite after sorption HA (B). Micrographs at 

4µm, 30000x. 
 

3. Conclusions 
 

The preliminary results here reported clearly suggest that the Ca2+ exchange reaction has a dominant role in 

the sorption of HA onto zeolite. The published data on the less or more efficient of several types of zeolite 

should be analyzed considering  the cation exchange capacity and Ca2+ amount in the zeolite, and the Gibbs 

energy of the cation exchange reactions. 
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1. Introduction 

 
Among all the most effective advanced oxidation processes (AOPs) in urban wastewater treatment and 

disinfection Photo-Fenton process is one of the most investigated but its application has not been a feasible 

option because optimum conditions are typically achieved under acidic pH[1].  

In this work a new photo Fenton like process (UV-C/H2O2/IDS-Cu) using iminodisuccinic acid (IDS)-Cu 

complex as catalyst, was compared to other processes (UV-C/H2O2/Cu, UV-C/H2O2/Fe, H2O2 and UV-C) in 

urban wastewater disinfection. 

 

2. Results and Discussion 

 
IDS-Cu complex was isolated and used as catalyst. Initially, preliminary tests to evaluate the mineralization 

of a model compound (phenol, 25 mg L-1 initial concentration) in water by UV-C/H2O2/IDS-Cu were carried 

out. Mineralization of phenol (95%) was observed after 60 min treatment, being the process more effective 

than all other investigated AOPs (Fenton and photo-Fenton processes). This process was also effective in the 

inactivation of E. coli (complete inactivation (3.5 log units) in 10 min) at natural pH (7.8±0.5) in real 

wastewater, than the other processes investigated.  

In particular, Cu based photo-Fenton processes resulted in the higher percentage of inactivated total cells, 

thus being consistent with the results of E. coli inactivation. It is worthy to note that, as H2O2 was decreased, 

UV-C/H2O2/Cu-IDS was more effective than UV-C/H2O2/Cu process. Furthermore, the formation of small 

and large clusters decreased in the presence of Cu and Cu-IDS complex, and process efficiency improved 

accordingly; these results show that Cu based AOPs can more effectively disaggregate clusters, thus making 

disinfection process more effective than Fe based AOPs.[2] 

 

3. Conclusions 

 
The new photo-Fenton like process (UV-C/H2O2/Cu-IDS) investigated in this work was proven to be really 

effective in the inactivation of E. coli (complete inactivation (3.5 log units) in 10 min) at natural pH 

(7.8±0.5) in real wastewater, also compared to the other processes investigated (UV-C/H2O2/Cu, UV-

C/H2O2/Fe, H2O2 and UV-C). It is worthy to note that, as H2O2 was decreased, UV-C/H2O2/Cu-IDS was 

more effective than UV-C/H2O2/Cu  process. Flow cytometry also confirmed  that both Fenton and photo-

Fenton processes are more effective than conventional disinfection processes (UV-C and H2O2, respectively) 

in the inactivation of total bacteria population. 
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1. Introduction 

 
Surface Enhanced Raman Spectroscopy (SERS) has been established as a powerful tool for the analysis for 

dyes in artworks, overcoming limits of normal Raman approach. Although the amount of researches based 

on use of SERS for studying cultural heritage objects has increased considerably in the last decade, still few 

attempts have been devoted to the application of the technique for the characterization of paint cross-

sections. The SERS application on paint cross-sections offers important advantages in identifying and 

spatially locate components in paint layers. Besides, the results of this analysis may contribute in studies on 

attribution and aging processes and to address suitable conservation measures. 

With this aim, previous researches have been proposed the application of silver colloidal pastes, mainly 

exploiting the citrate reducing method [1-2]. However, the chemical synthesis may generate various 

interfering that commonly affect results, producing spurious peaks in SERS spectra. Moreover, the black 

citrate paste applied over the sample may hide the paint stratigraphy. This makes difficult the identification 

of the region of interest to be investigated compromise the characterization of paint components. 

To overcome such drawbacks, the present research was aimed at proposing an alternative approach for the 

SERS analysis of natural red lakes in cross-section, exploiting the laser ablation synthesis in solution 

(LASiS). LASIS allows to obtain colloidal solutions in pure water (and)/or other solvents without the 

presence of any stabilizing agents. Thus, nanoparticles present a clean surface, which can be easily reach by 

molecules, assuring a good interaction between analyte and metal surface and thus an enhanced signal. 

Nanoparticles produced by LASiS show a two-fold advantage over those obtained by a chemical reduction of 

salts in solution: the elimination of interfering signals and enhancement. All these aspects contribute to 

obtain a highly efficient analytical approach. 

 

2. Results and Discussion 

 
The approach was initially set up on mockups prepared in laboratory with standard materials. In more 

details, madder and carmine lakes were mixed with whole egg and applied on a gypsum ground. Paint 

stratigraphies were embedded in polyester resin following traditional. Measurements were carried out in 

attempt to select the most suitable experimental parameters. Results showed the high performances of the 

approach, which allowed to clearly locate and discriminate the red dyes within the paint layers. 

We demonstrated that a quite low amount of colloid solution (2 µL) was required to acquire enhanced 

spectra of the analyte, while the increment of gold nanoparticles (AuNps) does not lead to an evident 

amplification of spectral signals. The limited quantity of Nps used allowed a clear visualization of the 

stratigraphic structure and, consequently, the detection of dyes and other Raman active compounds present 

inside the paint stratigraphy. . Advanced mapping system was proposed to achieve the exact spatial location 

of all the components through the creation of false color chemical maps. The method was applied on 

historical red samples collected from three outstanding artworks: (i) the Maestà in Trono attributed to 

Cimabue (13th century), (ii) the dais of the Pala di Fano attributed to Raffaello (ca. 1496-98) and (iii) the 

polychrome terracotta altarpiece by Mattia della Robbia (1527-1530). In all the presented case of study, it 

was possible to localize madder and/or cochineal dyes and to obtain molecular information on other 

components presented in the paint mixtures. 
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3. Conclusions 

 
The proposed methodology allowed overcoming well-known drawbacks induced by the citrate silver colloid, 

still widely applied in studies of artworks materials. We exploited the high sensitivity of the approach 

guaranteed by LASiS AuNps, to drastically reduce the amount of colloid required for the investigation of 

cross-sections. This allowed to keep the stratigraphic structure still well recognizable and thus available for 

comprehensive molecular analyses by conventional Raman. In addition, the nanoparticles are easily removed 

without compromising the sample integrity. 
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1. Introduction 

 
The latest restoration of the wall paintings by Valerio Castello, originally realized in the chapel of the Branca 

Doria palace (Genoa, Italy) in 1649-50 and now exposed at the Sant’Agostino Museum, gave us the 

possibility to shade light on these works after the invasive alteration and renovation carried out starting from 

1930. Although the analytical investigations were focused at first on the identification of the materials used 

during the previous restorations and on the effect of their use on the wall paintings preservation, at a later 

stage we focused our attention on the characterization of the color palette in order to relate it with other 

frescoes from the same author.  

 

2. Results and Discussion 

 
The analyses were performed both in-situ and ex-situ, by collecting eight small samples directly from the 

paintings. In situ analyses mainly consisted on imaging (UV fluorescence, IR reflectivity) and optical 

spectroscopy; ex-situ analysis of the painted surface of the eight samples was performed by optical 

spectroscopy (UV-VIS, FTIR-ATR). The identified color palette was quite common in the Castello’s time 

period (XVII century): white lime, black carbon, red ochre, several inorganic earths (yellow, brown, green), 

malachite, smalt; also some valuable element like cinnabar and gold on the architectural ornaments. 

Although these analytical techniques are non-destructive, on the other side they allow to determine only 

average information of the painting surface.  

For this reason, stratigraphic sections of the samples were prepared by incorporation in a transparent resin, 

and successive cut and polishing in order to expose a cross section of the painted layer samples: they were 

investigated by optical microscopy to determine the succession of the painted layers and the morphology of 

the pigments, and finally by micro-Raman spectroscopy to identify them unambiguously. In fact, this 

technique allows to identify compounds and minerals through the non-linear Raman effect; moreover, since 

the spectrometer is coupled to an optical microscope, it is possible to precisely control the analyzed region 

with a spatial resolution of 1 µm. Micro-Raman spectroscopy of the sections coming from a blue region of 

the painting evidenced the presence of natural ultramarine, with the observation of Raman peaks 

characteristics of lazurite and diopside (Fig. 1). Moreover, it was also possible to determine the spatial 

distribution of the different fragments forming the painted layer (Fig. 2). 

 

3. Conclusions 

 
The discovery of natural ultramarine fragments in the paintings by Valerio Castello is quite surprising since 

it was not determined by previous large-area analysis that identified the blue color as smalt, and opens the 

way for a re-interpretation of his artistic production in the Genoa area. Further development of the research 

activity will be focused on the mineral composition of the ultramarine pigment used by Valerio Castello 

through the use of electron microscopy and energy-dispersive x-ray spectroscopy. 
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Fig. 1 – Raman spectra detected in two different regions of a blue painted layer: the red spectrum is 

associated with the lazurite; the blue spectrum shows additional peaks belonging to the diopside, 

marked by an asterisk. 

 

 
 

Fig. 2 – Bi-dimensional topographic distribution of pure lazurite and mixed lazurite/diopside 

fragments, obtained by micro-Raman spectroscopy. 
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1. Introduction 
In the context of paintings conservation, the degradation of pigments is a complex and challenging issue that 

affects the appearance and mechanical/morphological properties of the paint. Environmental factors, such as 

light, humidity and temperature, contribute to pigments’ alteration. The degradation processes of a number of 

inorganic pigments are usually activated by light-exposure, involving changes of the oxidation states.[1] The 

secondary products are formed as a layer/aggregates of limited size (below 100 µm) at the paint surface. 

Thus, analytical tools capable to provide spatially resolved elemental speciation and structural information at 

the (sub)micrometer scale, such as synchrotron radiation (SR)-based μ-XRF, XANES and μ-XRD methods 

(in point analysis and mapping/imaging mode), are required for investigating these kind of processes. The 

use of these methods in combination with vibrational spectroscopies (e.g., IR, Raman), permits to gather 

complementary insights into the molecular nature of the secondary compounds.[2,3] 

Among nineteenth century yellow pigments, cadmium yellows (CdS/Cd1-xZnxS; hereafter denoted as CdYs) 

have been assigned to the class of the unstable compounds. Several iconic artworks by V. van Gogh,[4] J. 

Ensor,[5] H. Matisse,[6] E.  Munch [7] suffer severe alterations visible as a fading of the original bright 

yellow color. The phenomenon occasionally occurs along with the presence of gray/ivory crusts and/or 

changes of the mechanical/morphological properties of the paint, such as chalking, flaking and crumbling. In 

Still Life with Cabbage by Ensor CdSO4·H2O and (NH4)2Cd(SO4)2 white-transparent globules were identified 

at the paint surface, [5] while in Flowers in a blue vase by Van Gogh amorphous CdSO4, CdC2O4 and PbSO4 

were found to be the main constituents of a grayish alteration crust.[4] In Joy of Life and Flower Piece by 

Matisse the degraded CdY paints are composed of CdSO4·nH2O, CdC2O4, CdCO3 and cadmium chlorides.[6] 

Cadmium sulfates, being the common compounds of these different alterations, has been interpreted as the 

direct degradation products of the photo-oxidation of CdS, while the others as the result of its further 

interaction with the atmosphere or with the paint components.  

However, apart from these observations on original paint micro-samples, knowledge about the underlying 

degradation mechanisms and the factors affecting the stability of CdYs remains fairly scarce.  

The following key-questions still remain open on CdYs alteration: how do environmental conditions (i.e., 

light and humidity), intrinsic properties of CdYs (i.e., Cd/Zn stoichiometry and crystalline structure) and 

additives/residues of the synthesis (i.e., Cl-species) of CdS-based pigments affect their stability and the 

chemical nature of degradation products? Finding the answer to these questions is relevant to understand the 

causes and mechanisms of CdYs degradation and to give predictive indications on their propensity towards 

deterioration. To this end, the experimental study of mock-up paints before and after artificial aging, aiming 

at reproducing the alterations encountered in paintings over a shorter time frame, is a powerful strategy. 

In this contribution, we present the results obtained from accelerated aging, under controlled conditions of 

relative humidity (RH) and UVA-Visible light (mimicking museum indoor lighting environments), of a 

series of oil mock-up paints composed of commercial/historical CdY powders of different stoichiometry 

(CdS, Cd0.76Zn0.24S) and crystalline structure (hexagonal, cubic) both in presence and absence of different Cl-

compounds. SR-based X-ray spectromicroscopic methods in combination with macro-FTIR spectroscopy 

permitted us to perform an in depth characterization of the molecular transformations induced by the aging 

processes down to the micro-scale length. 

2. Results and Discussion 
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Within the boundaries of our experimental conditions, SR-based X-rays and IR investigations of artificially 

aged mock-up paints allowed us to achieve the following results [8]:  

 (i) the photo-oxidation of yellow CdS/ 

Cd0.76Zn0.24S to white CdSO4/CdSO4·nH2O 

and their photocatalytic activity are triggered 

by moisture, taking place at ~95% RH but not 

at environmental humidity (~45% RH).  

(ii) The stability of CdS-based yellows and 

the chemical nature of the corresponding 

alteration products depends both on the 

Cd/Zn stoichiometry and aging conditions but 

not on the crystalline structure of the pigment. 

Cd0.76Zn0.24S undergoes photodegradation 

more readily than CdS and it is a more 

efficient photocatalyst for the oil oxidation. 

Under light exposure at 95% RH, the 

formation of a superficial CdSO4/CdSO4·H2O 

layer (~2-10 μm thickness) took place along 

with the photocatalytic oil oxidation, which 

gives rise to either organo Cd-compounds (for 

CdS) or Zn-oxalate (for Cd0.76Zn0.24S) (Figure 

1a,b). In highly moist, dark conditions (~95% 

RH), the S2-→SO4
2- conversion is hindered 

and either Cd-oxalates (for CdS) or Zn-

carboxylates (for Cd0.76Zn0.24S) could be 

identified as a result of the interaction of the 

pigment with the oil oxidation products. 

(iii) Upon exposure to different RH (either 

~95% RH or ~50% RH) in darkeness, the 

presence of Cl-compounds [i.e., Cd(OH)Cl, 

KCl, CdCl2] promotes the local S-II → SO4
2- 

conversion and the formation of organo-Cd- 

compounds (i.e., oxalates and carboxylates). 

Sulfates globules are co-localized in the 

Cd/Cl-richest areas, suggesting the participation of Cl-compounds in the oxidation process of the CdS-based 

pigment (Figure 1c-e). 

3. Conclusions 

In this work, we have identified the main factors driving the degradation of CdS-based yellows in the oil 

binder and elucidated how they influence the overall process by combining SR-based X-ray techniques with 

FTIR spectroscopy. The presented results led us to drawn the following conclusions: (i) Cd0.76Zn0.24S is more 

susceptible to photo-oxidation than CdS; both compounds can act as photocatalysts for the oil oxidation; (ii) 

the photo-oxidation of CdS/Cd0.76Zn0.24S to CdSO4·nH2O is triggered by moisture; (iii) Cl-compounds 

(residues of early synthesis manufactures) promote the oxidation of CdS to cadmium sulfates. 

Our findings have relevant implications for the conservation practice and diagnostic investigations of oil 

paintings. The (photo)oxidation of CdS-based yellow paints may be mitigated by minimizing their exposure 

to humidity levels below 50% RH. 
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Figure 1.  (a) Photomicrograph of a Cd0.76Zn0.24S thin section after UVA-

Visible light exposure at 95% RH and (b) corresponding RGB composite 

SR μ-XRD maps of Cd0.76Zn0.24S/CdSO4·H2O/ZnC2O4·2H2O [step size 

(h×v): 2×1.5 μm2, exp. time: 1 s/pixel, energy: 21 keV] . RGB composite 

SR μ-XRF S-II/SVI maps and Cl/Cd distributions acquired from  an oil mock 

up paint composed of hexagonal CdS and Cd(OH)Cl after exposure at (c) 

95% RH and (d) 50% RH [step sizes (h×v): 1×1 µm2; dwell time: 100 

ms/pixel; energy: 2.473-3.7 keV]. (e) Selection of S K-edge μ-XANES 

spectra obtained from the areas indicated by the symbol “X” in (c,d). In 

blue, spectral profiles of the reference compounds. 
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1. Introduction 

 
The class of cadmium based inorganic pigments, which includes shades from yellow to red, was widely 

employed by artists after their introduction in the middle of the 19th century [1]. These pigments have a 

bright colouration, high tightening strength and high covering power, features that have promoted their 

diffusion and use. However, initially they were employed without considering their possible alteration in 

time [1]. Several recent studies [2-6] have demonstrated the instable nature of some of these pigments, with 

particular attention to lighter yellow shades. The degradation phenomena include discoloration [3-4], the 

formation of opaque crust [5] and white globules [6] on the surface and the tendency of the pictorial layer to 

become brittle [2,5]. The reasons of these deterioration processes were never deeply understood, even if 

some hypotheses have been made [3,5-6]. To investigate whether the causes of deterioration can be 

associated with imperfect synthesis process, that could favor pigments oxidation, in this work we employ 

photoluminescence (PL) spectroscopy and microscopy methods to examine historical cadmium yellow based 

pigments, dated between 1851 and 1949 and conserved in the archival collection of the Courtauld Institute of 

Art. 

Cadmium sulphide (CdS) is a semiconductor of the IIb-IVa group, with a direct band gap of 2.46 eV at room 

temperature. When excited with a suitable wavelength, CdS exhibits a PL emission that can be classified in 

two types basing on the energy and the decay kinetic: 

i) the near band edge (NBE) emission, related with pigment composition and crystal structure, is 

characterized by an emission spectra centered between 470-540 nm [7-8] and a fast decay kinetic 

with a lifetime in the order of picoseconds [7]; 

ii) the trap-state (TS) emission, which depends on the presence and nature of impurities and defects, 

occurs at lower energies with respect NBE emission (NIR region, [8]) and has a lower decay 

kinetic (hundreds of nanoseconds to microseconds, [7]). 

The PL properties of historical cadmium-based pigments are investigated through a time-resolved approach 

and compared with the emission of commercial samples (produced with modern synthesis methods) to 

evaluate their changing. The PL analysis are combined and complemented with X-ray, Raman and FTIR 

spectroscopies. The aim is to illustrate the wide range of methods used to produce CdS yellow pigments 

using the photo-physical and chemical properties of samples. 
 

2. Results and Discussion 

 
The combined use of multiple physical/chemical techniques allows us to highlight the motley and complex 

nature of historical cadmium samples with respect modern ones. Time resolved photoluminescence (TRPL) 

spectroscopy reveals that the band-to-band emission is strictly related with samples composition and crystal 

structure, showing a behavior for historical samples similar to commercial one. On the contrary, trap state 
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emission differs substantially from commercial samples: these observations suggest that crystal defects in 

historical cadmium pigments differ from the ones typically formed in the CdS pigments, produced with 

standardized modern synthesis processes. The TRPL microscopy approach allows to map and highlight 

spatial heterogeneities in both emissions, in either spectral and decay kinetic. Hence, it is possible to ascribe 

the presence of these peculiar PL properties with imperfect synthesis methods. Elemental, diffraction and 

molecular measurements complemented the PL analysis, showing, besides the presence of the main 

component (CdS or ZnCdS), additives or extender as well as, in the case of historical samples, the presence 

of residual starting reagent due to imperfect manufacturing process. 

 

 
 

Fig. 1 – Example of the spatial distribution of the microsecond TS PL emission of one historical 

sample. The spectral bands are indicated by the label at the bottom of each image, while the 

combined image is a false colour map created by combining PL gated images in the two spectral 

bands: 530-570 nm is yellow, and 680-720 nm is red. 

 

3. Conclusions 

 
The analysis carried out highlights the complex nature of historical samples with respect modern pigments. 

Whereas the identification of the nature of crystal defects in the CdS historical pigments cannot be 

determined with the methods adopted, the combined used of elemental and molecular techniques and the 

strong sensitivity of PL to the presence of defects in crystal lattice, allowed us to highlight the presence of 

residual starting reagent, additives and impurities present within the samples. Moreover, basing on the results 

obtained, we were able to speculate about the synthesis processes. Since the stability of paints can be related 

to pigments manufacturing method, this research can be considered as a starting point for evaluating the 

relationship between synthesis methods and deterioration of cadmium pigments and paints. 
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1. Introduction 
 

The present study illustrates the results of the scientific investigations performed directly on the work of art 

and, subsequently, on ten micro-samples of pictorial material, taken from the painting on canvas The 

Wedding Feast at Cana by Jacopo Robusti, nicknamed Tintoretto, (1561), in the course of the recent 

restoration work. The painting is located in the sacristy of the Basilica della Madonna della Salute in Venice. 

 

2. Results and Discussion 

 
The investigations were carried out in order to obtain more information on the original and non-constitutive 

materials of the pictorial part of the work; elements useful to identify the components of color and 

preparation, to have information on the executive technique and to document any non-original drafts and 

phenomena of degradation. In detail, the study was focused towards achieving the following objectives: 

- Identification of the pigments present in the pictorial layers and of the mineral charges related to the 

preparation of the canvas;  

- Recognition of organic binders in colour and preparation;  

- Observation of the stratigraphic structure of the samples in order to recognize the number, color, thickness 

and morphology of the pictorial, original and non-drawing;  

- Documentation and analysis of any non-original layers (grouting, repainting, storage, protective, patina or 

varnish) and/or alteration of the original constituents.  

To achieve the above objectives, the painting was carefully observed in visible light, the images acquired in 

UV light, and  infrared in false colours were examined. With a view to proceeding with the collection of the 

color samples, on the corresponding pictorial fields were previously carried out measurements by means of a 

portable instrumentation XRF to have preliminary data, obtained by means of non-invasive method, useful to 

better orient the selection of the samples.  

 

The results showed absolutely unusual aspects. 

The painting appears lacking a real preparatory draft and the colour seems to have been applied directly on 

the textile support. In all the samples taken from the original areas of the canvas there are no traces, even 

minimal, of the traditional plaster mixture and animal glue present instead in many other works of Tintoretto. 

This singular characteristic is in accordance with the fact that the weaving of the canvas is very clearly 

visible on the surface of the work. But above all it would explain why, in an old photographic image of the 

back of the canvas, taken before the last line, we see perfectly the painting whose colour, evidently, has gone 

through the meshes of the fabric precisely because of the absence of Preparation. 

The color palette is rich in pigments, all character of the artist and already identified in many other works [1]. 

Interesting is the presence of smalt blue pigment, or dispose of, identified in at least three points. In two of 

these, the shade of the color visible on the surface is completely different from what is supposed to have 

been originally. The drapery of the garments is yellow or brown due to a heavy and irreversible alteration of 

the vitreous pigment, as already documented in some paintings of the Scuola Grande di San Rocco. The 

natural Ultramarine blue is always heavily degraded. The pictorial technique, as it emerges from the structure 

of the layers of color, is quite characteristic of the artist: fast, with a few drafts of color often almost melted 

among them, within which are very often present different pigments in mixture. From the analyses emerged 

both repainting and varnishing; both pictorial elements later covered, such as the pink and green ones present 
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under the black hair of the character in the background in the middle of the scene. Finally, the pigments 

present in the non-original insert of the upper left corner have entered into use between the beginning and the 

middle of the eighteenth century. This means that this area of the painting may not have been performed 

before this period, but of course nothing prohibits that it may be even newer. Investigations of organic 

binding media revealed that the work was performed entirely in tempera technique and not oil as always 

believed. 

 

 
 

Fig. 1 – The painting “The Wedding Feast at Cana” by Tintoretto (1561) 

 

3. Conclusions 

 
The color palette is rich in pigments, all character of the artist and already identified in many other works. 

Extensive diagnostic testing and pigment analysis confirmed that many of Tintoretto’s original pigments 

have altered indefinitely, and now appear darkened and brown. Our scientific analyses also determined that 

Tintoretto used an antiquated tempera technique, using egg as a pigment binder instead of oil, and he painted 

directly on top of the bare canvas with no preparatory layer of gesso. This resulted in the painting having a 

woven tapestry effect as the texture of the canvas is very evident through the painted surface and the tempera 

colors are very matte as opposed to a glossy oil painting. 
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1. Introduction 
 

The “Wedding Feast at Cana” by Jacopo Robusti, known as Tintoretto, is a stately painting realized for the 

Crociferi oratory (Venice) in 1561. After the abolition of the religious order in 1656 by Pope Alexander VII 

[1], in 1657 the painting was moved to the S. Maria della Salute sacristy (Venice) [2]. 

In 1984 SaveVenice Inc. foundation financed the first restoration campaign, mainly aimed to the removal of 

the yellowed vanish strongly affecting original painting colors. The same organization supported another 

intervention in 2016-2017 with the same goal since also the product applied during the previous works 

underwent strong alteration processes that greatly compromised the scene readability.  

In the frame of a wide project involving professionals from different fields, a series of non invasive studies 

have been carried out by the authors in order to obtain a detailed characterization of painting materials used 

by Tintoretto to realize the “Wedding feast at Cana”. 
 

2. Results and Discussion 
 

Images in R-NIR, UVF and UVR have been preliminarily acquired and interesting results about changes 

operated by the artist were obtained together with the recovering of figures no more visible because of the 

strong varnish browning. 

Spectroscopic data, collected by means of Raman (i-Raman 785S by BWTEK with a 785 nm laser, and a 

RaPort by Enspectr operating at 532 nm) and Reflectance Spectroscopy (FORS) on a total of 205 points, 

allowed identifying the pigments used by the author and, in a few areas, also retouches probably due to 1984 

restoration works. The artist palette resulted in a quite classical one in the Venetian area in the XVI century, 

especially for the presence of verdrigris or copper resinate, typical of the Tintoretto’ palette, as well as for 

lakes, here detected only in red and purple areas. Some pigments, more or less altered, were identified by 

Raman spectroscopy, such as lead white, cinnabar, lapis lazuli, realgar (together with its polymorph 

pararealgar, due to the original pigment alteration), and orpiment, while others could be detected only by 

Reflectance Spectroscopy. This is the case of above mentioned lakes and green pigments, used together with 

green earths; also red, yellow and brown ochres were identified by FORS, likewise smalt. 
 

3. Conclusions 
 

The application of two spectroscopic techniques on the same area allowed discovering mixtures or 

superimpositions of pigments that often could not be revealed by only one of them, thus resulting as a very 

effective yet non invasive method to obtain a detailed characterization of the artist palette in a totally non 

invasive way. 

An interactive map of all analyzed areas, including all data based on Raman and FORS mapping realized 

during the campaign, is currently in progress for valorization purposes. 
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1. Introduction 

 
During rain events, pollutants in agricultural soils can be transported from fields to surface and/or 

groundwater resulting in contamination of streams and rivers. Establishment of riparian zones may reduce 

the effects of diffuse discharges of pollutants into waterways. 

Biochar is the solid carbonaceous residue generally derived by biomass pyrolysis, but it can be obtained by 

gasification under proper conditions. Due to the very good sorption properties, biochar is used as a soil 

amendment capable to improve soil properties and fertility. Furthermore, addition of biochar to soils, 

particularly in riparian zones, can reduce the mobility of contaminants and improve removal efficiency from 

runoff water (Figure 1) and thus preserving riverine and ground water quality. In addition, biochar can 

concur to climate change mitigation by sequestering soil organic carbon into a form more resistant to 

mineralization than fresh biomass. The nature and magnitude of soil changes are governed by biochar 

concentration and properties, in turn determined by the used biomass and production operative conditions.  

Within two Emilia-Romagna Region projects PSR misura 16 Focus Area 4B and 5E, biochar synthesized 

with an innovative up-draft gasifier prototype operating under direct combustion of syngas/tar, has amended 

at different amount several agricultural soils. 

The main objectives of this study were: (1) determination of the quality of biochar, through its chemical 

characterization; (2) assessment of pollutant immobilisation capability of biochar itself and of biochar in 

field-like conditions; (3) determination of carbon concentration and speciation in soil. 

 

2. Results and Discussion 

 
The resulting biochar was characterized by ultimate and proximate analysis and contamination degree 

(PAHs, heavy metals). Results showed that the obtained biochar is a high quality amendment. 

Properties related to sorptive capacity were determined including iodine adsorption number and adsorption 

isotherms. Sorption capability was evaluated for an inorganic (cadmium) and an organic (Bromacil) species 

at high and low concentration of pollutant. Results revealed that different methods and conditions provided 

different absorbent capacity results, thus the obtained results can be considered only for relative comparative 

purposes. Therefore, more specific evaluations were performed for soil/biochar systems, by determining the 

amount of pollutant released in water by soil and by soil/biochar systems. The synthesized biochar reveals 

effective in absorbing cadmium in real systems, both for soil with a low and an high content of IC. 

In order to test the accuracy of dry combustion methods applied to soil containing biochar, the content of 

inorganic and organic carbon in model soil/biochar systems and soil samples from field experiments was 

determined by a TOC analyzer and a CHNS/O elemental analyzers. The comparison of the methods for the 

analysis of the various form of carbon in soils from different treatments enabled to highlight limits and 

similarities of the different techniques. The ability of the methods to evidence the biochar imprinting is 

important to evaluate its fate in the soil systems that include bio/chemical (degradation) and physical 

processes (vertical/horizontal losses).Though statistically significant differences were not found between the 

calculated and measured values of TC and TOC, the results of biochar/soil systems show that the values 

obtained by TOC analyzer were more concordant to expected values. Finally, in order to go deeper in carbon 

analysis, the suitability of a thermogravimetric analyzer to quantify biochar content in soils was tested. The 

method was developed by using a standard biochar, which was added to soil to obtain model soil/biochar 
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systems, then the technique was applied to field sample. The performed results reveal the validity of the 

technique. 

 

 
 

Fig. 1 – Main mechanisms for remediation of contaminated soils by biochar [1] 

 

3. Conclusions 

 
The biochar obtained by an innovative up-draft gasifier is suitable for the application in soil as an 

amendment. Moreover, it reveals effective in absorbing cadmium in real soil biochar system. The analysis of 

carbon in soil biochar-systems allows to reach new insights in the analysis for this specific matrix. 
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1. Introduction 

 
Pesticides are widely used agrochemicals in rice crops and allow the rice yields to be relatively high. Their 

use in rice fields could increase in the future because of climate change [1]. However, the persistence of 

pesticides in the environment is problematic because of the adverse effects of these contaminants on the 

natural ecosystems. In paddy fields, pesticides can occur both in the soil and in floodwater and their presence 

is environmentally concerning [2] because of their potential occurrence in the outlet water, for where the 

paddy fields can contaminate the downstream water bodies [3,4]. In surface waters including paddy water, 

the environmental fate of pesticides is influenced by different degradation pathways such as most notably 

biodegradation, chemical hydrolysis and photochemical reactions. The latter include both direct photolysis 

and indirect photochemistry. Indirect photochemistry is triggered by reactive transient species, and in 

particular by hydroxyl radicals (HO●), carbonate radicals (CO3
●-), the excited triplet states of chromophoric 

dissolved organic matter (3CDOM*) and singlet oxygen (1O2). These reactive intermediates, also known as 

PPRIs (PhotoProduced Reactive Intermediates), are formed upon absorption of sunlight by naturally-

occurring photosensitizing compounds (CDOM, NO3
- and NO2

-) [5]. Usually, photochemical reactions act as 

self-depuration processes for water bodies, but sometimes they can transform xenobiotics into by-products of 

higher environmental concern than the parent compounds. 

In this study we have assessed the photochemical fate in paddy water of two herbicides (propanil and 

imazethapyr) that are used in rice-crops. We carried out both lab experiments and photochemical modelling 

with the APEX software [6], measuring key photochemical parameters (namely, direct photolysis quantum 

yields and second-order reaction rate constants with PPRIs) of propanil [7] and its main metabolite 3,4-

dichloroaniline (34DCA) [8]. In the case of imazethapyr, the relevant parameters were available from the 

literature [9,10]. To better understand the photochemical behaviour of these pollutants, we have also carried 

out a photochemical characterization of paddy-water samples from rice fields located in the province of 

Vercelli (Piedmont region, NW Italy) [7]. 

 

2. Results and Discussion 

 
Results showed that propanil mainly undergoes photodegradation by direct photolysis and reaction with 
3CDOM* in paddy floodwater. Although the reactivity toward HO● radicals is not negligible, this is not the 

main phototransformation pathway for the herbicide in such an environment due to the low steady-state 

concentrations of HO● in rice-field water. The photochemical half-life time of propanil is ~20 days in usual 

paddy-water conditions. By comparing this finding with the herbicide lifetime measured in the field and 

reported in the literature (~1.2 days, also involving biodegradation), one can see that photochemistry is not 

the main degradation pathway of propanil in paddy floodwater. Indeed, propanil in paddy water mainly 

undergoes biological transformation that, differently from photodegradation, forms quantitively 34DCA that 

is a secondary pollutant of environmental concern. In paddy floodwater, 34DCA mainly undergoes 

photodegradation by direct photolysis while indirect photochemistry plays a secondary role. Differently from 

propanil, the predicted photochemical lifetime of 34DCA well matches that reported in the field (~1-2 days). 

Therefore, photochemistry has a central role in the overall degradation of 34DCA in rice-field water. The 

34DCA direct photolysis involves the loss of chlorine from the aromatic ring and the addition of a hydroxyl 

group to produce 5-amino-2-chlorophenol. 

Direct and indirect photochemical reactions also play an important role in the overall degradation of the 

herbicide imazethapyr in paddy water. By modelling the photochemical behaviour of this herbicide based on 
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literature data, we found that photodegradation is mainly accounted for by direct photolysis and HO● 

reaction, with a good agreement between the modelled lifetimes and those reported in the field. Furthermore, 

by applying our model to the laboratory data obtained by Espy et al. [10], who have investigated the effect of 

DOM on imazethapyr photodegradation, we were able to assess an upper limit for the second-order reaction 

rate constant of the herbicide with 3CDOM* (~1∙108 L mol-1 s-1). If the 3CDOM* reaction is taken into 

account in the model, an even better agreement can be found between the predicted lifetimes and those 

reported in the field. The photodegradation of imazethapyr is anyway dominated by the direct photolysis, and 

Espy et al. [10] have reported a detailed direct-photolysis degradation pathway for this compound. By using 

the US-EPA ECOSAR software (https://www.epa.gov/tsca-screening-tools/ecological-structure-

activity-relationships-ecosar-predictive-model) we could assess the aquatic toxicity parameters (both 

acute and chronic toxicity) for both imazethapyr and its known by-products, which can be more harmful to 

aquatic organisms than imazethapyr itself. 

 

3. Conclusions 

 
The photochemical fate of the herbicides propanil and imazethapyr was modelled in paddy floodwater. We 

found that photochemistry is not the main degradation pathway of propanil in usual paddy-water conditions, 

but biotic degradation is more likely. The latter forms 34DCA, a secondary pollutant of environmental 

concern that, differently from propanil, is mainly degraded by photochemical reactions. In the case of 

imazethapyr in paddy water, its overall degradation is closely linked with photochemical reactions, and in 

particular to direct photolysis. However, this process could produce degradation intermediates of 

environmental concern. 
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1. Introduction 

 
Atmospheric aerosol includes solid and/or liquid particles in a variety of elements and shapes and gas 

component. These particles are emitted from natural and anthropogenic sources and consequently vary in 

their size, morphologies and chemical compositions. Furthermore, particle size and chemical composition 

pose significant impact on human health and climate. Therefore, it is essential to understand size distribution 

and chemical composition of atmospheric particles particularly in urban atmosphere. In the present study, 

particulate matter is investigated near a steel plant, located in a town of the Apulia Region, South Italy. 

Source apportionment for different wind directions is based on properties of individual particles determined 

by scanning electron microscopy equipped with the energy-dispersed microanalysis system (SEM-EDS) 

[1]. 
 

2. Results and Discussion 

 
The PM10 samples were collected on polycarbonate membranes (47 mm diameter, 0.8 μm pore size, 

Nuclepore Whatman) using a low volume sampler (Tecora Charlie HV) operating at a flow rate of 2.3 m3h-

1. The sampling time was set at 6 h to avoid an overload of the sample carrier, as this would prevent a 

reliable analysis of individual particles in the SEM. The weight percentages of 23 elements (C, N, O, F, Na, 

Mg, Al, Si, P, S, Cl, K, Ca, Ti, V, Cr, Mn, Fe, Ni, Cu, Zn, Au and Pb) were calculated by a standardless ZAF 

correction method in the EDX software. In this study, the particles analyzed by scanning electron 

microscopy equipped with the energy-dispersed microanalysis system had an equivalent spherical diameter 

(ESD) ranging from 0.4 to 10 m which was calculated as 𝐸𝑆𝐷 = 2 ∙ (𝐴 𝜋⁄ )1 2⁄  where A is the particle area 

[2]. Based on morphology and chemical composition the particles were assigned to following different 

groups: alumosilicates, silicates, sea salt, calcium sulfates, Fe-rich particles (iron oxides and iron mixtures), 

metal particles, Ca-rich particles, carbonate-silicate mixtures, secondary particles, silicate-sulfate-mixed 

particles, fluorides, soot, biological particles and remaining carbon-rich particles. All particles, which could 

not be classified into one of these groups, were listed as other particles. This group mostly consists of 

agglomerates of particles from different groups. The Fe-rich particles as well as the carbonaceous particles 

presents irregular and spherical morphology. The typical spherical particles originate from high temperature 

processes (metallurgy). Ca-rich particles, calcium sulfates, carbonate-silicate mixtures and silicate-sulfate 

mixtures are recognized from their chemical composition. However, carbonates cannot be proven 

unambiguosly as carbon substrate has been used. Soot particles are recognized from their typical morphology 

of fractal-like agglomerates of primary particles. Secondary particles are a mixture of sulfates, nitrates and 

organic materials. The particle groups observed in the present work can be assigned to different emission 

sources. Based on properties of individual particles, source apportionment for different wind direction is 

especially helpful for discrimination of industrial emissions originating from high temperature processes 

from a natural soil component. The following source categories were distinguished: soil, industry, secondary, 

soot, carbonates, calcium sulfates, sea salt and other. In soil, industry, secondary, particles of different 

groups are merged. The average contribution of the different sources to PM10 is shown in figure 1, when the 

winds blow from (a) N direction and (b) S direction. 
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Fig. 1 – Average mass percentage of the sources identified by single-particle source apportionment 

in PM10 when the winds blow (a) from the north and (b) from the South directions. 

 

3. Conclusions 

 
The obvious difference between the two graphs consists in a greater contribution of the industrial source to 

the PM10 of about 12% when the winds blow from the south compared to 8% when they expire from the 

opposite direction. Instead the soil component is dominant when the wind blows from the north. These 

results of source apportionment are based on individual particle characterization by SEM and further analysis 

are required. 
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1. Introduction 

 
There is an increasing interest in experiments of citizen science applied to environmental pollution 

monitoring, since it has been recognized that citizen science, while requiring an effective effort to collaborate 

strictly between scientific experts and stakeholders including organizations, agencies as well as individuals, 

can bring important advantages in addressing environmental issues.  In particular, citizen science projects are 

a powerful way to collect a large amount of pollution data distributed throughout an area and, at the same 

time, to involve directly the participants on the results to have the right and correct impact on society and 

politics thanks to a better understanding of the data, and to shared knowledge [1]. 

“NO2, NO grazie” is the first Italian citizen science project on air quality to monitor the intra-urban 

variability of NO2 pollution levels in urban areas where concentrations typically exceed the EU limit value of 

40 g m-3 (2008/50/EC) to protect human health. NO2 is mainly emitted by traffic source, with the highest 

contribution from diesel vehicles, so that for example in the Province of Milan, NOx (NO+NO2) emissions 

are estimated >70% from vehicles, of which > 90% are only from diesel engines (INEMAR, 2014 

http://www.inemar.eu). 

Therefore, - due to the still high NO2 pollution levels in cities, - because NO2 is fully acknowledged to be a 

significant public health problem [2], -  owing to the fact that NO2 is mainly emitted from traffic and, not 

last, - the recent Dieselgate scandal together with the ongoing consequences, all these reasons explain the 

interest of the “NO2, NO grazie” citizen science project to focus on this specific atmospheric pollutant. 

The “NO2, NO grazie” citizen science project has been proposed and realized by the Italian NGO association 

“Cittadini per l’Aria”, in collaboration with the Division of Environmental Science and Cultural Heritage of 

the Italian Chemical Society (http://www.socchimdabc.it) as a scientific support, and thanks to more than 

950 citizens who have actively participated in the measurement campaigns (2017 and 2018). All participants 

were on a voluntary basis and self-financed the sampling. The first “NO2, NO grazie” sampling campaign 

was carried out in 2017 in Milan with more than 270 participants. A second campaign was organized in 2018 

in three cities (Brescia, Milan and Rome) with more than 700 total participants. The results of the “NO2, NO 

grazie” 2018 campaign are reported in the present abstract. 

 

2. Results and discussion 

 
Palmes-type diffusion tubes (20% TEA/Water absorbent; UV-Vis Spectrophotometry; UKAS accreditation; 

Gradko International, UK) were used for passively monitoring NO2 concentrations. One month sampling 

campaign was conducted during 02 Feb-02 March 2018 in Brescia, Milan and Rome. Detailed, but simple to 

understand, instructions were provided to the participants, who were asked to place the sampler outdoor 

about 2,5 high as standard. The choice of the sampling site was left to each participant (near the residence, 

workplace, school…). In Milan only, the 2018 campaign was mainly targeted to the analysis of children’s 

exposure to NO2 pollution, thus it was suggested to sample out of school, nursery, playgrounds and parks. 

All the participants were asked to sample at the right period, to collect sampling data on the exact sampling 

position (geographical coordinates), to report all notes/peculiarities and to possibly send a photo of the 

sampling site. 

NO2 concentrations measured with diffusion tubes were validated to reference method (chemiluminescence; 

DM 60/02) using co-location near the air quality stations of ARPA provincial monitoring network in each of 

the three cities over the campaign period. Validation results were satisfactory (Accuracy: overall AV =91%; 

n=11; CI(95)=6%. Precision: ± 7%), and NO2 concentrations of the diffusion tubes in all the three cities were 

corrected by multiplying for the mean diffusion tube bias factor estimated 1,11 (n=11; CI(95)=0,07). 
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Monthly NO2 concentrations (g m-3) were measured at each sampling site in the 3 cities (n° sites/samplers: 

Brescia = 292, Milan= 27, Rome=150) in relation to the sampling period 02 Feb- 02 March 2018. Estimated 

mean annual NO2 concentrations at each sampling site were derived from measured monthly NO2 

concentrations by using a meteorological bias factor calculated for each city considering the last four years 

(2014-2017) NO2 data from the ARPA monitoring stations (annual NO2 mean/(02 Feb-02 March) NO2 mean. 

Brescia: AV=0,81; n=16; CI(95)=0,05. Milan: AV=0,81; n=30; CI(95)=0,05. Rome: AV=0,90; n=51; 

CI(95)=0,03). Estimated mean annual NO2 concentration results are reported in Figure 1, where the image of 

the Google Maps with all sampling sites (the interactive Google Maps are all available at “Cittadini per 

L’Aria” website https://www.cittadiniperlaria.org/), and the graph with a descriptive statistic of the 

frequency distribution of NO2 concentrations, are shown for each city. The NO2 annual limit value of 40 g 

m-3 was exceeded in 10% of the sites in Brescia, and in more than one site out of two in Milan (55%) and 

Rome (60%). 

 
Fig. 1 – Estimated mean annual concentrations of NO2 measured at sites (“NO2, NO grazie” campaign) 

 

3. Conclusions 

 
NO2 data from “NO2, NO grazie” citizen science project can be of great interest to investigate the intra-

urban variation of NO2 concentrations related to traffic density, distance to major roads, total population and 

other variables. NO2 data of Milan were used in a machine-learning model generating a LURF (land use 

random forest) model to assess NO2 exposure levels (200x200 m) and to estimate the health impacts on 

population [2]. 594 (CI95%: 333-843) deaths/year were attributed to annual [NO2] above the 40 g m-3 limit 

value in Milan. 
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Fin dalla prima edizione del 1995, fino all’ultima del 2011, l’Inventario delle Emissioni in Atmosfera nei 

Comuni Liguri [1] elaborato e pubblicato dall’ Agenzia Regionale per la Protezione Ambientale Liguria 

(ARPAL), segnalava che le emissioni annuali di ossidi di azoto, da parte delle attività portuali liguri 

(Genova,La Spezia, Savona) fossero significativamente più elevate delle emissioni delle autovetture 

circolanti sui rispettivi territori comunali. La Tabella I riporta le tonnellate di NOx che l’Inventario stima 

essere emesse da queste due fonti nel 2011. 

 

TABELLA I – Emissioni annuali (2011) di NOx da attività portuali e automobili a Genova, Savona 

e La Spezia 
 

 Genova Savona La Spezia 

 tonnellate/anno 

Porti 7940 1057 1895 

Automobili strade 

urbane 

633 62 113 

 

Nonostante l’evidente differenza dei possibili contributi al peggioramento della qualità dell’aria, le reti di 

monitoraggio, attive in questi Comuni, hanno privilegiato la scelta di controllare solo le emissioni veicolari. 

Dall’avvio del monitoraggio, verso la metà degli anni ’90, si sonoevidenziati frequenti sforamenti degli 

standard della qualità dell’aria del biossido di azoto, in particolare a Genova, dove in tutte le cinque stazioni 

predisposte al monitoraggio del traffico, si è sempre superato il valore limite (media annuale ) di 40 ug/m3. 

La Tabella II mostra le concentrazioni medie annuali di NO2 registrate nel 2016, in tutte le stazioni di 

monitorggio genovesi. 

 

TABELLA II – Media annuale di NO2 registrate a Genova nel 2016. 
 

Stazione Tipo microgrammi/m3 

Multedo T 56 

v. Pastorino, Bolzaneto T 43 

c.so Buenos Aires T 52 

c.so Europa T 58 

v. Buozzi T/I 57 

c.so Firenze F 32 

Quarto F 14 
T: traffico; I: industriale; F: fondo 

 

La collocazione delle stazioni di monitoraggio della rete allestita a Genova ha seguito i criteri previsti per il 

controllo delle emissioni veicolari (Tipo T) e del fondo urbano (Tipo F). Solo la stazione di via Buozzi è 

individuate come controllo di emissioni di tipo industriale, nel caso specifico, i vicini moli di attracco dei 

traghetti e delle navi da crociera. Anche la stazione di Multedo, si trova nelle vicinanze del porto petroli dove 

attraccano le petroliere ma, in entrambi  i casi, la vicinanza di importanti flussi di traffico, rende difficoltoso 

una stima corretta del contributo delle attività portuali all’inquinamento cittadino. 
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Tuttavia, la collocazione di tutte queste stazioni a circa tre metri di altezza del piano stradale è inadatta ad 

intercettare le emissioni dei camini delle navi che, in particolare nelle nuove navi passeggere, escono a 

diverse decine di metri sul  livello del mare. 

Pertanto, le caratteristiche orografiche delle citta portuali liguri, fanno ipotizzare che le aree di maggiore 

impatto delle emissioni navali siano le aree urbane collinari, densamente abitate  e frequentemente sottovento 

alle emission portuali nel periodo estivo, quando è maggiore l’attività delle navi traghetto e passeggeri. 

E in queste parti della città non ci sono stazioni di monitoraggio ufficiali, ma vista ed olfatto dei residenti che 

avvertono il disagio prodotto dalle fumate che si liberano dai camini, in particolare quando si accendono i 

motori diesel delle navi. 

Circa due anni fa, nell’ambito delle attività statutarie dell’Ecoistituto Reggio Emilia-Genova, il Comitato 

scientifico dell’Ecoistituto, di cui fanno parte medici e chimici, hanno supportato gratuitamente l’attività dei 

comitati cittadini sorti per garantire una migliore qualità di vita dei loro quartieri. 

Dopo diversi incontri e seminari, finalizzati a chiarire le cause dell’inquinamento portuale e le possibili 

soluzioni (uso di gasolio con basso tenore di zolfo e elettrificazione delle banchine) l’Ecoistituto ha dato il 

suo supporto al Comitato che ha aderito al progetto promosso da “Cittadini per l’Aria”, per un monitoraggio 

autogestito con campionatori passivi per gli ossidi di azoto (Gradko International). I campionatori sono stati  

posizionati su quattro balconi di abitazioni collinari con vista porto e nei pressi della stazione ARPAL di 

corso Firenze, scelta come controllo per la qualità dei campionamenti passivi. Ogni campiomento è 

effettuato in duplicato. Il campionamento, partito il 6 giugno 2018, si concluderà il 4 luglio. L’ARPAL 

fornirà la rosa dei venti registrati nel corso del campionamento presso una stazione meteorologica 

rappresentativa e la concentrazione media di ossidi di azoto registrati presso la loro stazione di corso Firenze, 

in contemporanea ai nostri campionatori passivi. 
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1. Introduction 
 
When the material forming a pictorial work of art is studied, the pigment, responsible of different colors, is 

considered the most important component to know deeply the painting. It is analyzed in order to give a 

dating of masterpiece and obtain information on possible restoration made in the past and on state of 

conservation of painting itself.  

Recently, thanks to the financial support of Fondazione San Poalo, eighteenth century plasters in the Oratorio 

di Sant’Antonio di Abate in Mele (Ge) by Rocco Cantoni, underwent to restoration. In this occasion eight 

samples have been collected from the paintings and submitted to chemical analyses, in order to study the 

pictorial technique and the artist’s palette. The results of diagnostic investigations allowed to identify 

original layers and recent over-paintings and help restorers and historians to solve problems and choose the 

best intervention methods on the wall decoration. The work it will be used for future comparison with other 

plasters as work in progress.  

Spectroscopic methods in the IR region (FTIR ATR) have been used successfully for investigating the 

materials, thorough vibrational analysis. The characterization of pigment has been performed with analytical 

techniques as Scanning electronic microscopy (SEM) associated with EDS microprobe (Energy Dispersive 

Spectrometry), on cross-sections (because the eight samples have been made of several layers), where 

polyester resin was used as mounting media. This sophisticated instrumental analytical technique allows to 

observe samples with an enlargement of one million times, giving information about the morphology of the 

particles and to identify the pigments present in the samples analyzed. The analysis gives characteristics 

spectra where every peak corresponds to one chemical element present into the sample. Thank to 

identification of the elements, it was possible to identify the nature of pigments present in each fragment.  
 

2. Results and Discussion 

 
The analyses did not investigate the deep layers of the plaster modelling mortar but only the finishing layers. 

These latter are composed of multiple stacked layers of lime.  

The white lime is typical of Genoa and its surroundings, i.e. calcined dolomite, as determined through the 

presence of calcite magnesite and hydromagnesite, together with a lower percentage of gypsum (calcium 

sulphate dihydrate). The latter could be part of the plaster forming material (not a rare event in the eighteenth 

century), or the consequence of superficial sulfation due to atmospheric pollution. 

On the basis of archival data and of the found stratigraphic levels, it can be deduced that the polychrome 

techniques took place in two distinct steps, the former around the middle of the eighteenth century and the 

second at the beginning of the nineteenth century. 

In the first step the colors were rather soft, without pictorial and chiaroscuro accentuations. In the second 

step the intention was to standardize the chromatic aspect of the space, leading to a global recovery of colors, 

giving the Oratorio the bright aspect that still retains. 

The analyses neglected the characterization of the earths (easier to identify) and have focused on color of 

more intense shades, mainly red and blue greens.  
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The greens are made of copper (till now only malachite has been detected) and have been laid in tempera on 

chromatic bases of green earth, in the same way as cinnabar often enhances chromatic bases with red ocher. 

Very unusual, on the other hand, is the use of smaltino (Figure 1) with an intense hue and a coarse grinding, 

applied in tempera to highlight the tone of a previous layer of azurite with a more diaphanous tone, while in 

the common practice of the period exactly the opposite took place. 

 

 
 

Fig. 1 – Optical microscopy and SEM image of smaltino in the sample 4 (third layer) 

 

3. Conclusions 

 
The study had the purpose to determinate the nature of pigments present into the samples giving interesting 

information both to understand the working technique and the author’s style and to define a program of 

restoration and conservation of the plasters, helping the restorers and conservators of art to take the best 

choices during the restoration of the painting.  

The complex realization of the plasters of the Oratorio started in 1757 and ended in 1809 with the last 

ancient works of coloring manifested in the succession of the finishing layers until now recognized on the 

plaster, fortunately without successive modern stratifications. 

It was possible to analyze the composition of the smaltino, likely belonging to the final work of 1805. It 

contains silica, potassium, and the presence, barely perceptible analytically, of the cobalt chromophore, in 

addition to the usual secondary compounds as iron, arsenic, nickel and bismuth, the last three belonging to 

the cobalt minerals of the glass paste dye. 

Cinnabar has the usual composition based on sulphur and mercury; green malachite is copper carbonate, 

while the green earth has a more complex composition, being a silica aluminate of magnesium, iron and 

potassium. These compositions were recognized through the photos of the sampled area and of  the 

corresponding sections. The analyses of chemical elements were performed with SEM EDS, and the 

compounds were detected with the FTIR ATR  technique. 

Old contemporary pictorial works on Ligurian plasters have been compared with the present artwork, 

identifying similarities but also significant differences. In the Oratorio, in fact, important techniques and 

materials are lacking, e.g., the leaf gilding on bolus and chalk and mission, the pictorial bases of white lead 

in organic binder, the lacquers and the Prussian blue. 
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1. Introduction 
 
In 1906 Giulio Aristide Sartorio (1860-1932) was entrusted to decorate the Central Hall of the Venice 

Biennale. In nine months, he create a pictorial cycle entitled “The Poem of Human Life", which cover more 

than 240 m2. This very suggestive cycle was painted on canvases by using a special painting technique, 

described by the artist himself as “a mixture of wax, mineral turpentine and oils”, also known as French 

encausto [1-2]. 

This cycle experienced a complicated history of conservation: from its creation, it was folded,  rolled up and 

moved several times; exposed in Rome, then in Venice; finally, it was stored in the deposit of the Ca’ Pesaro 

Gallery. 

A project involving conservation and maintenance was needed to access Sartorio’s paintings. 

This research was developed in different steps: 

 a multi-analytical study of the pictorial cycle to identify the materials and the painting techniques 

adopted by the artist and to define the state of conservation of the paintings; 

 The definition of specific guidelines for the correct musealisation and display of the cycle in Ca’ Pesaro. 

 

2. Results and discussion 

 
The results of the diagnostic campaign (by OM, FTIR-ATR, GC-MS, SEM-EDX, XRF) highlighted the 

composition of the painted layers and the groundings. Sartorio painted on industrially primed canvases, 

where gypsum, oil and animal glue were identified. The artist applied thick and full-bodied brushstrokes of 

paints, whose binding media resulted to be a mixture of drying oils (linseed oil, poppy seed oil and safflower 

oil) and beeswax. 

Large areas of the painted layers are extremely fragile and rigid (fig.1). Different degradation products due 

the natural ageing of the materials used by the artist were detected: in particular, oxidation products of the 

organic materials and metal soaps formed after hydrolysis of the fatty acid moieties of the triglycerides of 

drying oil with metal-based pigments [3,4]. In addition, traces of materials and products used for transporting 

the canvases appeared on the verso and recto of the paintings, while the presence of paraffin wax and 

watercolours was detected in several damaged areas, which were previously consolidated and retouched. 

Based on these results and on the actual state of conservation of the paintings, a project of preventive 

conservation was proposed, aiming at reducing direct interventions on the paintings (“active” conservation) 

and promoting minimal and focused interventions throw the monitoring of the environmental conditions 

(daily or seasonal thermo hygrometric variations, irradiation by natural and artificial light, the presence of 

gaseous pollutants (NOx,O3,VOC) [5-10]. 
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Fig. 1 – Painted surface with craquelures and detachments. 

 
This different approach (passive conservation) can have two positive aspects: reduce the impact on the 

painting materials and the economic impact of restoration treatments. 

 

3. Conclusions 

 
The multi-analytical study allowed for the identification of the materials used by Sartorio and the definition 

of the vulnerability of the painted surfaces. 

This knowledge suggests some general guidelines for correct musealisation, considering as a priority the 

prevention of future degradation processes, which are usually due to exhibition conditions themselves and 

excessive exhibition-related stress. 
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1. Introduction 

 
Modern oil paintings present a range of conservation challenges that differ from those found in paintings of 

previous centuries. Phenomena that have been recently observed include an unpredictable water sensitivity. 

[1]  

The analysis of literature shows that water sensitivity is a complex phenomenon due to different factors, but 

it is strongly believed that the starting composition of a paint formulation plays a crucial role. 

In the context of the JPI-CH project CMOP, Cleaning of Modern Oil Paintings, we monitored the curing 

process of several model oil paints with the aim of shed light on the influence of pigment and additives of the 

curing of oil paints, and thus possibly establish the causes of water sensitivity, we prepared the following 

model oil paint replicas containing:  

- linseed oil + lamp black  

- linseed oil + lamp black + aluminium stearates  

- linseed oil + lamp black + zinc stearates  

- linseed oil + ultramarine blue  

- linseed oil + lead white  

- safflower oil + ultramarine blue 

- safflower oil + lead white 

The curing process was monitored in the course of one year of natural aging by a multi-analytical approach 

based on Differential Scanning Calorimetry (DSC), Thermogravimetry (TG), Gas Chromatography–Mass 

Spectrometry (GC-MS), Pyrolysis–Gas Chromatography–Mass Spectrometry (Py-GC-MS) and Attenuated 

Total Reflectance-Fourier Transform Infrared Spectroscopy (ATR-ATR). 

DSC allowed us to monitor the curing process of the paint binder by evaluating the heat evolved by 

hydroperoxide decomposition and radical recombination. Isothermal TG investigations on fresh materials 

allowed us to monitor the oxygen uptake in order to support our understanding of oxidative phenomena 

taking place upon curing. GC-MS was used to obtain a molecular characterization of the cured paints, by 

evaluation of the degree of oxidation of the paints. Py-GC-MS allowed us to get insights, at the molecular 

level, of the formation of the polymeric network upon curing. ATR-FTIR was used to give an overall 

evaluation of the molecular changes occurring in the oil paints during curing. 

 

2. Results and Discussion 

 
The interpretation of the data collected allowed us to get better insights into the curing progress of the 

different oils and the role played by the different pigments, and additives, and to draw hypothesis on some 

conservation issues of modern oil paintings. 

The curing process of lamp black containing paint replicas was very slow and was not ended yet after 11 

months of natural ageing. Al stearate speeded-up the curing process and Zn stearate influenced the increasing 

of hydroperoxide formation. Oxygen uptake profiles together with GC-MS and Py-GC-MS data suggest that 

low molecular weight products of oxidation deriving from beta scission reactions have further reacted with 

the pigment, remaining thus chemically bound to the paint layers.   
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The study of lead white pigment containing replicas confirmed the well known catalytic effect of lead white 

pigment on the curing process. No peroxides were detected in the paint layers containing linseed oil after two 

months of natural ageing, which were reduced to one month in the safflower oil containing paints. MS data 

indicated that safflower oil paint showed a higher degree of oxidation than linseed oil one. 

Ultramarine blue pigment containing replicas showed a slow curing process and oxidation seemed to occur 

to a higher extent with respect to other lamp black and lead white containing paints. The curing of both 

drying oils with ultramarine blue was not yet ended after 11 months of natural ageing as peroxides still 

remained in the paint film. 

Furthermore, data seem to indicate that safflower oil, compared to linseed oil, leads to the formation of a 

relatively higher number of oxidised moieties, leading to the hypothesis that this happens to the detriment of 

a well-developed polymeric network. 

 

3. Conclusions 

 
The results obtained after the curing process indicate that curing of drying oils (linseed oil) and semi-drying 

oils (safflower oil) are strongly affected by the presence of different pigments and metal stearates. 

Furthermore, safflower oil seems to promote oxidation versus polymerization. This aspect might concur to 

the typical degradation phenomena observed in modern oil paints, as semi-drying oils were, and still are, 

commonly added in commercial formulations. 
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1. Introduction 

 
The diagnostic and monitoring campaign on the 18th century wall paintings of the Priory cloister in the 

Charterhouse of Calci (Pisa) is the result of collaboration between the University of Ferrara, the University 

of Pisa and the Chartreuse of Calci National Monumental Museum. The paintings investigation started in 

2012 with sampling and measurements by means of stereomicroscope, SEM, XRF and Micro Raman. 

Through these analyses it has been possible to know the composition of plaster layers, paint coating, 

pigments used, substances due to alterations or interventions, types of historical and ongoing degradation. 

The pictorial cycle is in fact located in a particular semiconfined context, subjected to many environmental 

phenomena: it decorates the four outer walls of the cloister, that separate rooms for various uses, under the 

open gallery on the 1st floor. After the diagnostic campaign, the assessment of the deterioration factors of the 

cloister was carried out and the state of conservation of the paintings was elaborated, continuing the 

monitoring of the artefacts at regular intervals until 2018. 

 

2. Results and Discussion 

 
Thanks to stereomicroscope has been observed the morphology of all samples, by means of SEM, XRF and 

micro Raman has been characterized elements and compounds present in layers of preparation and paint such 

as: blue (cobalt), green (ferroceladonite), yellow (goethite), red (hematite) and black (carbonaceous 

substances). Through the archive research it was then possible to associate the substances highlighted 

through analytical techniques with the pigments found in the purchase receipts. 

The use of SEM high magnification allowed to detect biodegrades such as fungal hyphae, mosses, lichens 

and pollen grains. The micro Raman analysis allowed to identify calcium oxalates due to the colonization by 

lichens of the painted surfaces and the presence of newly formed aggregates, due both to the phenomena of 

plaster’s sulfation and to the hypothesis that gypsum could have been used, in the preparatory layers, in 

mixing with mortar. The assessment of the cloister deterioration factors and the elaboration of the 

conservation state of the paintings allowed the analysis of the environment-artifact system starting from the 

2012 diagnostic campaign. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 – Priory cloister, Charterhouse of Calci, Pisa (left) and mapping of sampling areas on mural 

painting (right). 
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Fig. 2 – Blue painted area, smaltino, stereomicroscope (left) and mosses and pollen grains, SEM 

(right). 

The monitoring continued every two years since a new general assessment of cloister and paintings in 2018. 

Examining the artifacts over 6 years it was possible to detect the stability of degradations such as 

detachment, cracks and efflorescence, the local worsening of those related to humidity stagnation and 

biodeteriogenic agents. Even though the general good durability of the painting constituent materials will be 

necessary to continue, however, the monitoring also in relation to changes in use of neighboring rooms. 

 

3. Conclusions 

 
The research carried out made it possible to characterize for the first time, through various analytical 

techniques and a multidisciplinary approach, the materials constituting the pictorial cycle in analysis. It was 

possible to make hypotheses on the executive technique and identify some of the degradation processes. The 

biennial monitoring of the cloister has finally allowed to know the trend of macro and micro degradation. It 

was also possible to detect, despite the deterioration of conservation conditions of the structure within which 

the decorative cycle is articulated, the resistance of plasters and pictorial layers. 
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1. Introduction 

 
The decision to carry out this analysis is due to the extreme importance of terephthalic acid (TPA) in the 

current chemical industry; it represents, in fact, the missing element in the production of 100% bio-PET and 

has a market in continuous growth (the other monomer, ethylene glycol, is already widely available from 

renewable sources). Considering the great importance, not only scientific but also social, covered by the 

possibility of producing one of the main polymers from renewable sources, with this work we intend to 

perform a first investigation of alternative routes on an industrial scale, trying to identify what could 

guarantee the least impact on the environment. 

Commercially, the main source of production for TPA is p-xylene (PX), an aromatic hydrocarbon with two 

methyl groups replaced in positions 1 and 4, which is not definable as “green compound” because it is 

traditionally produced by catalytic reforming of crude oil. Its oxidation through Amoco® process lead to the 

synthesis of TPA. However, the importance given by green chemistry to the use of renewable resources has 

increased the interest towards new routes to produce PX and/or TPA from biomass and with this work some 

of them are compared, in environmental terms, with the traditional one. The comparison is between four 

different production processes: 

• Traditional way: p-xylene is obtained from catalytic reforming of crude oil as part of extracted BTX 

(benzene, toluene and xylenes isomers); 

• GEVO’s process: isobutanol from the fermentation of biomass is converted into hydrocarbons, iso-

octene and p-xylene [1]; 

• From HMF and ethylene: it involves the production of HMF (5-hydroxymethylfurfural) from starch, 

its conversion to DMF and the Diels-Alder reaction with ethylene to obtain p-xylene [2]; 

• Alternative pathway from p-cymene: it consists in the oxidation, using O2 in the presence of a catalyst, 

of p-cymene (derived from orange peels) to obtain bio-TPA [3]. 

The first two routes are already set at industrial level, while the others are still in the development phase. In 

order to estimate the energy requirements of the scenarios, a simulation of the chemical processes was 

carried out using ChemCad software. Among those investigated, the first three ways provide for the 

formation of PX, subsequently oxidized to TPA, while the latter directly converts limonene into TPA. 

The scientific tool with which impacts are assessed and the processes are compared is the Life Cycle 

Assessment (LCA) methodology. SimaPro 8.5 software and the Ecoinvent 3.4 database were used for the 

data modelling and impact quantification phases of each scenario studied. 

 

2. Results and Discussion 

 
The first method proposed to conduct the comparison is the Cumulative Energy Demand (CED), which 

analyses the need for direct and indirect resources, expressing the result in energy terms (e.g. equivalent GJ). 

For the present case study, four categories of the method were selected, those which were found to have a 
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greater importance in terms of results: fossil, nuclear (which are non-renewable sources), biomass and water 

(belonging to renewable ones). Fig. 1 reports the results for all four analyzed scenarios. 

 

 
 

Fig. 1 – Assessment of resource consumption for each considered scenario (CED method). 

 
Immediately it emerges that GEVO production process is the one that has the greatest need of resources 

calculated as GJeq., because in each category it shows the highest value. The results highlight that the greatest 

consumption of resources is related to non-renewable fossils. This category is primarily responsible for the 

resource needs of all processes. For the bio-based processes, fossil consumption is mainly due to the fuel 

used for the production of heat required by chemical plants, while for the process from crude oil the 

extracted petroleum from which PX is obtained provides an additional significant contribution. 

A second method of comparison was used, in order to consider not only the consumption of resources, but 

also their effects on the ecosystem. ReCiPe is a suitable method for calculating the overall quality of each 

scenario: it divides the environmental loads in intermediate categories of impact (midpoint level), that can be 

grouped into categories of damage to the receptor (endpoint level). Damages are therefore normalized and 

weighted in order to obtain an index, called single score (SS), with which analyze and compare scenarios. 

Higher single score means higher assigned environmental load. In accordance with the previous method, the 

process with the highest SS is GEVO process, which prevails over the others of at least one order of 

magnitude. Process from HMF and ethylene is the second in order of burdens, followed by the traditional 

way. The lightest process is that from p-cymene, since it uses a waste material instead of a dedicated culture 

or fossil sources. 

 

3. Conclusions 
The analysis shows that, among those considered, the processes can be ordered from greenest to least green 

in this way: process from p-cymene, traditional way, process from HMF and ethylene and GEVO process. 

This can be considered an important result as it emerges that processes based on renewable resources are not 

always really beneficial for the environment. Only through the LCA methodology, in fact, is it possible to 

determine the environmental quality of the processes since it is able to consider their entire life cycle. Results 

indicates that bio-processes to produce TPA are promising in environmental terms only if processing waste 

are used. Dedicated cultures seems not to be the solution to fossil sources because their production phases 

are not impact free. 

In conclusion, it has been demonstrated that this type of assessment is essential for industrial chemical 

sector, which is increasingly interested in the concepts of green chemistry and sustainable development. 
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1. Introduction 

 
Over the last decade, bioethanol production has intensely increased, as a result of the numerous policies 

supporting the production and use of transportation biofuel in response to limited supplies and escalating 

prices of fossil oil and to global warming [1]. The cost-effective and mature production technologies, already 

established at commercial scale, as well as the recent technological advances towards a more sustainable 

bioethanol industry led to a rapid expansion of bioethanol market. At the same time, bioethanol was 

identified as one of the potential top bio-based raw materials for the chemical industry and the option to use 

it as feedstock for the manufacture of bio-based chemicals is deserving the attention of the scientific 

community worldwide [2]. Many important chemicals such as ethylene, propylene, 1,3-butadiene, iso-

butylene, hydrogen, acetaldehyde, ethylene oxide, n-butanol, acetic acid, ethyl acetate, acetone and dimethyl 

ether have already been synthesized by means of catalytic conversion of bioethanol. Therefore, the 

perspective of a competitive biorefining system based on bioethanol as platform chemical takes shape, 

although some struggles still need to be solved to provide bioethanol at low economic and environmental 

costs and optimize bioethanol conversion to bulk chemicals. From a sustainability point of view, one of the 

most attractive and promising derivatives resulted to be ethylene, produced through dehydration of 

bioethanol [3]. Ethylene is, in fact, commonly used for yielding high volume plastics, such as polyethylenes 

(high density polyethylene HDPE, low density polyethylene LDPE and linear low density polyethylene 

LLDPE), polyvinylchloride (PVC) and polyethylene terephthalate (PET), through co-polymerization of 

mono-ethyleneglycol (MEG) with terephthalic acid. In this study, a Life Cycle Assessment was carried out 

with the aim to evaluate the options of using bioethanol (bioEtOH) as a fuel to generate energy or as a 

platform chemical to generate chemical derivatives, in terms of energy intensity and environmental impacts.  

 

2. Results and Discussion 

 
The LCA approach, performed according to the standard procedures [4] [5], was selected to evaluate the 

environmental convenience of using bioEtOH as energy carrier or as a platform chemical for bio-ethylene 

production, since it allows to compare and benchmark the performance of a product against competing 

products, as well as to find hotspots and drawbacks in the life cycle that might require performance 

improvements [6]. The generated impacts were quantified by means of the LCA software SimaPro 8.2.0 and 

the impact assessment method ReCiPe Midpoint (H) v.1.12, on a selection of impact categories (Climate 

Change - CC, Terrestrial Acidification - TA, Marine Eutrophication - ME, Human Toxicity - HT, 

Photochemical Oxidant Formation - POF, Freshwater Ecotoxicity - FE, Water Depletion - WD, Fossil 

Depletion - FD). 

For each investigated system (energy and chemical), the bio-based route was compared to its fossil 

counterpart and the advantages or disadvantages were calculated using the fossil system as benchmark. In 

Figure 1, in order to fully highlight the benefits of each bio-based system, the increased or decreased impacts 

are summarized in percent values, thus allowing a direct comparison of environmental performance of 

bioEtOH used to generate energy or alternatively as platform chemical. 

The option of bioEtOH as platform chemical (hereafter EtOH-chem) is favorable in terms of greenhouse 

gases (GHG) emissions: 616 g of CO2 eq are saved if ethylene is produced by means of bio-based route 

versus 1.27 g of CO2 eq saved if bioEtOH is used as a fuel (hereafter EtOH-fuel). In the case of POF and FD 
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categories, the bio-based routes show similar advantages, respectively corresponding to around 32% and 

85% of decreased impacts in comparison with their fossil counterparts. 

 
Fig. 1 – Comparison of advantages and disadvantages (respectively negative and positive percent 

values of characterized impacts) of bio-based options to produce energy (EtOH-fuel) or chemicals 

(EtOH-chem). Percentages refer to their fossil alternatives. 
 

In terms of WD, a net benefit is achieved if bioEtOH is used as platform chemical, due to the large water 

requirement in the conventional fossil production of ethylene. In the remaining impact categories, the 

impacts generated from bio-based options are higher than the corresponding impacts from fossil based 

systems. The EtOH-chem scenario displays decreased impacts on TA and ME in comparison with the EtOH-

fuel scenario, whereas the toxicity (both human and freshwater) categories are definitely worsened with 

impacts 25% and 55% higher, respectively. The results are in line with other studies focused on 

lignocellulosic bio-EtOH or biorefinery supply chains [7] [8].  
 

3. Conclusions 
 

The use of biomass as game changer in the chemicals sector is a fascinating idea and in the investigated case 

study the benefits of such a choice resulted significant in terms of reduced fossil energy consumption and 

GHG emissions. Nonetheless, the climate change should not be regarded as the only target to focus on and 

the risk of burden shift should not be underestimated. The impact of the bio-based chemistry should also be 

weighed on chemical pollution as well as on water and land use. 

An integrated use of biomass through a cascading approach is a way to substantially optimize the efficiency, 

fulfilling both material and energy needs from the same feedstock, in line with the concept of an integrated 

biorefinery. 
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1. Introduction 

 
From the local to the global scale, carbonaceous aerosols (CA) play a crucial role on health and climate. In 

urban environments CA are a major component of PM: composed of Organic Carbon (OC) and Elemental 

Carbon (EC), are mainly found in PM finest fractions (PM2.5 and PM1). EC can strongly absorb light, 

which is why, when determined using optical methods, it is called Black Carbon (BC); the OC is instead 

characterized by a substantial transparency in the VIS range, except for a small fraction consisting of weakly 

absorbing and fairly refractory organic macromolecules: the Brown Carbon (BrC). The BrC absorption 

coefficient is characterized by a greater spectral dependence (babs ≈ λ-4) than the BC (babs ≈ λ-1). 

 

2. Results and Discussion 

 
Thanks to the optical analysis of PM samples, carried out thanks to the MWAA [1,2] (Multi-Wavelength 

Absorbance Analyzer – an instrument developed at the Dept. of Physics of the University of Genoa), it is 

possible to derive the CA source apportionment (i.e. the identification and quantification of the CA sources 

relative to the impact on air pollution) starting from the measurement of the aerosol absorption coefficient, 

determined at 5-850 nm, 635 nm, 532 nm, 407 nm and 375 nm. Through this methodology (nicknamed 

“MWAA model”) it is possible to quantify EC and OC coming from the combustion of fossil material (ECFF 

and OCFF) and wood (ECWB and OCWB) [2]. The MWAA model has recently been refined and applied to 

more complex situations than rural/mountain, such as PM samples collected in the very high-polluted city of 

Milan, Italy [3]. As previously demonstrated for rural sites, also in this complex situation, given by a great 

number of pollution sources and very stable meteorological conditions causing a huge production of 

secondary aerosols, ECWB and OCWB apportioned by the model turned out to be very correlated with 

Levoglucosan, determined in the same samples by HPLC-PAD. The optical apportionment coming from the 

MWAA model also provides a direct measurement of the Ångström absorption exponent of the BrC 

(BrC), which was found to be, also in this urban environment, 3.95 ± 0.20. 

The thermo-optical techniques (TOT/TOR) currently represent the reference method for the quantification 

of EC and OC. Despite their diffusion, there is still a considerable disagreement between the results obtained, 

since the quantification of EC and OC varies according to the thermal protocol used and by the PM 

composition. Furthermore, the presence in the sample of BrC can alter the "split point" (i.e. the separation 

between OC and EC contribution to the total carbonaceous mass), as it is able to absorb the laser light (635 

nm) used to monitor the transmittance during the analysis [4, 5]. In order to investigate how the BrC affects 

the EC/OC separation, and with the objective of quantifying this important fraction of the OC, a Sunset 

EC/OC analyzer unit has been modified in order to make possible measurements also with a 407 nm laser. At 

this wavelength, BrC is much more absorbent and therefore able to influence deeply EC/OC separation. 

Here we present the results of the refined MWAA model, applied to both rural and urban PM samples, and 

how the results obtained through the model can be implemented in the dual-TOT analysis to obtain 

valuable information on BrC concentration. 

This work has been supported by the INFN (MANIA and TRACCIA projects) and by the Provincial 

Administration of Genoa. 
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1. Introduction 

 
Polycyclic aromatic hydrocarbons (PAHs) and polychlorinated biphenyls (PCBs) are persistent organic 

pollutants of both natural and anthropogenic origin, representing potential threats to ecosystems and human 

health, due to their high toxicity [1, 2]. The Mediterranean Sea is an ecosystem collecting  organic pollutants 

coming from rivers or atmospheric depositions [3], hence it becomes extremely important to assess their 

presence in impacted marine compartments (i.e. water, sediment and zooplankton). 

Based on the above-mentioned assumptions, the aim of this work was the investigation of the presence of 13 

PAHs and 14 PCBs (dioxin and non-dioxin-like) in the neritic marine environment of the Southern Ligurian 

Sea, which is heavily influenced by pollutants derived from industrial and commercial activities (i.e. 

industrial plants in Solvay-Rosignano and the congested commercial harbor of Leghorn) [4]. 

To study the partition of micropollutants, analyses were performed on three different matrices: seawater, 

sediment and zooplanktonic samples (copepods). Accordingly, three analytical methods for the extraction 

and determination of the above-mentioned micropollutants were specifically developed and optimized. 

 

2. Results and Discussion 

 
To evaluate migration phenomena for the pollutants considered, marine samples were collected (summer 

2015) in three different sampling points over the continental shelf toward the strongly impacted neritic zone. 

PAHs and PCBs were extracted from seawater using a reversed phase solid phase extraction (SPE) method; 

to reduce matrix effects due to the high-water salinity, attention was paid on washing and elution steps, 

which were hence successfully optimized. Concerning sediments, extraction was performed by Quick, Easy, 

Cheap, Rugged and Safe (QuEChERS) procedure, while a basic digestion, with NaOH/CH3OH, was used to 

extract PAHs and PCBs from lyophilized zooplankton. Extracts obtained from seawater, sediment and 

zooplankton were finally analyzed by means of a gas chromatograph coupled to a mass spectrometer (GC-

MS). 

For each procedure, method detection limits (MDLs) and method quantitation limits (MQLs) were evaluated 

by matrix matched calibration, in order to take into account possible matrix effects. MQLs were compared to 

the limits set by the EU Directive 2013/39/UE and the Italian Regulation D.Lgs 172/2015, which regulate 

priority substances in water compartments.  

For seawater, the SPE method showed good extraction yields (always quantified by labelled surrogate 

standards) between 49.2 ± 8.2 and 70 ± 5.2% for the PAHs, and between 81.4 ± 2.7 and 93.7 ± 1.1% for 

PCBs. Higher extraction yields were obtained from sediment and zooplankton both for PAHs and PCBs 

(from 58,9±4,5 to 71,7±1,9% and from 73±1,8 to 95,4±2,1% for PAHs and PCBs in sediment, respectively; 

from 63±5,7 to 92,3±7,3% and from 79±2,1 to 92,1±5,3% for PAHs and PCBs in zooplankton, respectively).  

MDLs ranged from 2 to 10 ng/L for PAHs and PCBs in seawater, from 0.11 to 6 ng/Kg in sediment and from 

0,003 e 0,39 µg/g for zooplankton, resulting in a good compatibility of the developed methods with the 

above-mentioned regulations.  

Once ascertained the good performances of the optimized methods, the procedures were successfully applied 

to real samples. Acenaphthylene, fluorene and phenanthrene (Σ PAHs = 396,3±17,7 ng/L) together with 

PCB52 (35,2±0,4 ng/L) were found in seawater sample, while all studied PAHs (Σ IPA = 910,8±42,7 ng/Kg) 

together with PCB52 (3,2±0,2 µg/Kg) and PCB15 (12,4±1,2 µg/Kg) were found in sediment. Finally, 
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fluorene, phenanthrene and pyrene (Σ IPA = 1,75±0,22 µg/g) as well as PCB101 (1,24±0,04 µg/g) and 

PCB52 (10,56±0,04 µg/g) were detected in zooplankton samples.  

Concentrations obtained for seawater in the three collecting points were analyzed by ANOVA, which allows 

to understand if the differences observed within each group are only due to variability or not.  

Finally, considerations about the origin of the PAHs detected in the sediment and about the bioaccumulation 

capacity of copepods were made. For the first study, the ratio (1.096) between light and heavy PAHs (2-3 

and 4-6 condensed rings, respectively) pointed out a petrogenic origin of the PAHs.  

About bioaccumulation, bioaccumulation factors (BAF) were calculated for the micropollutants detected 

both in water and in zooplankton samples, i.e.: fluoranthene, phenanthrene and PCB52. The obtained BAF 

values were linearly correlated to the hydrophobicity of each molecule, expressed as octanol-water partition 

coefficients. 

 

3. Conclusions 

 
Through this work, three analytical procedures were developed for the determination of PAHs and PCBs in 

different marine compartments: seawater, sediment and zooplankton. Extraction yields were satisfactory for 

all the matrices with high reproducibility. PAHs and PCBs concentrations found in seawater are comparable 

to those of other Mediterranean areas considered moderately polluted, while PAHs and PCBs concentrations 

in sediment are lower than those reported by literature [5-7]. Oppositely, the results on zooplankton showed 

similar concentrations for PAHs, if compared to those found in other studies [8], but higher for PCBs, 

probably due to the aforementioned significant presence of chemical industries and commercial activities 

located along the coasts. 
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1. Introduction 

 
Climate change is triggering new water management challenges affecting regional and global water quantity 

and quality [1]. Despite potential impacts of climate change on water availability have been widely studied in 

the last decades, the implication for concomitant changes in water quality have been just poorly explored [2]. 

Variations in temperature and precipitation patterns, are likely to have profound effects on those hydrological 

processes (e.g. runoff, river flow, water retention time, evapotranspiration) that regulate the mobilization of 

pollutants from land to water bodies however, such signals, can be masked by those of concurring local 

stressors (i.e. point and diffuse pollution sources). 

Breaking down the relative role played by each of these pressures and predicting their combined impacts is 

necessary to mainstream the implementation of well-targeted adaptation measures supporting sectorial 

policies and legislations. Accordingly, the adoption of a multi-stressor perspective to water quality 

assessment is required to drawn realistic base lines and reasonable targets steering future water resource 

management strategies. 

 

2. Results and Discussion 

 
A data driven risk framework based on Bayesian Networks (BNs) was implemented in the Zero river basin 

(Northern Italy) to characterize the interlacing between climate change and land use practices and assess 

their cascading impacts on water quality status (i.e. nutrients loadings).  

Bayesian Networks were used as meta-modelling tool for structuring and combining the information 

available by existing monitored data, hydrological models, climate change projections producing alternative 

risk scenarios to communicate the probability of changes in the amount nutrients (i.e. NO3, NH4, PO4) 

delivered from the basin under different climate change projections (i.e. RCP 4.5 and 8.5).  

Specifically, an Ensemble of temperature and precipitation projections downscaled from available Global 

and Regional Climate models (i.e. GCMs-RCMs) were directly used to inform the Bayesian Network in 

order to account for uncertainties across climate change scenarios and river basin responses and to determine 

the level of confidence of projected water quality alterations between baseline and future climate regimes.  

Bayesian Network outputs help in tracking future trends of water quality and in supporting the prioritization 

of stressors and pollution sources. Overall, developed risk scenarios, can be used as baselines against which 

test and evaluate existing management and adaptation measures and targets for water quality. 

Simulated scenarios show that seasonal changes in precipitation and temperature are likely to modify both 

the hydrology and nutrients loadings of the Zero River and that diffuse pollution sources play a key role in 

determining the amount of nutrients loaded while point source have only a marginal effect. Both NH4 and 

PO4 loadings, in fact, are mainly influenced by changes in the climatic and hydrological variables while 

NO3 loadings are strongly affected by agronomic practices and land use. 

Results have been evaluated through a cross comparison with existing observed data and hydrological 

models’ simulations (i.e. SWAT) available for the case study providing a reasonable agreement. 
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3. Conclusions 

 
Highlighting key components and processes, BN outputs could support water managers in tracking future 

trends of water quality and prioritizing stressors and pollution sources thus paving the way for the 

identification of targeted typologies of management and adaptation strategies to maintain good water quality 

status under climate change conditions. Current limitations include the use of static land use and agricultural 

management practices scenarios. Further improvements could consider the implementation of a dynamics 

version of the BN to better handle temporal/spatial dynamics and the development of new scenarios 

considering land use projections or the implementation of specific management measures. 
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1. Introduction 

 
The Street Art was born in the late 60’s in the United States, where it proves to be the most striking artistic 

phenomenon. The first stage was in New York and in particular in the poor district of Bronx and Harlem, 

where gangs struggled their own wars and communicated their discomforts by covering walls or trains or 

cars with drawings and tags as visible as possible. At the beginning of 80’s, the Street Art became an 

increasingly important artistic movement and an incredible vehicle of intense social message. Italian Street 

Art begins in the same period, but it reaches a consistent awareness in 90’s [1]. 

It is essential to make a distinction between graffiti writing, from which everything began, street art and the 

so-called muralism [2]. This art movement could be distinguished in not-commissioned urban art and in 

commissioned one: graffiti and street art belong to the first group, whereas muralism belongs to the second 

one. In particular, graffiti and Street Art is a closed movement that doesn’t want to communicate anything 

except within in the same group, on the other hand muralism is an increasing and by now an institutional 

phenomenon with a specific message strongly correlated to the urban upgrading. Furthermore, the term 

Street Art is currently replaced by the name Urban Art, since it is no longer illegal. Indeed, many street 

artists are contacted by public institutions or private to redevelop urban spaces or to participate at numerous 

public events where their creativity, their color and their concept are protagonist. 

The development of Street Art’s movement records at the same time the advancement of the artistic 

materials: starting from color spray paint that allowed quick execution to color applied by brush more 

suitable for extended walls. Although the market guarantees umpteen typology of paints, the scientific 

research still works on the formulation of a “perfect material” that will allow the preservation of the artworks 

as more as possible. 

These formulations of artistic materials are usually rather complex and can be associated to those of modern 

paints in terms of chemical composition, but unfortunately the exact composition is often unknown and 

covered by patent. The determination of the chemical composition and study of the degradation mechanisms 

of modern paints may be extremely important for the conservation strategies and restoration treatments.  

Here we present some preliminary results of a general screening on several Turin Urban Artworks materials 

and their conservation state. This work is part of the CAPuS project, a European ERASMUS+ project, 

focused on the development of guidelines for the protection and conservation of contemporary art. 

In particular, the main goals of this work are the evaluation of the conservation state of the artworks 

accessible in Turin, the chemical characterization of the materials and their degradation mechanisms. The 

whole diagnostic activities have been performed by a multi-analytical approach and by a close cooperation 

among artists, researchers and conservators. This work has the ambition to develop and give a systematic 

protocol able to preserve as more as possible the artistic proofs that want to stay. 

 

2. Results and Discussion 

 
The artworks have been reported using a detailed table for urban art documentation, where information about 

state of conservation, material variety and support structure together with general and detailed photos were 

collected. After a precise and specific sampling of the artworks, stratigraphy and “as is” materials have been 

characterized applying several analytical techniques: Fourier transform infrared spectroscopy (FTIR), X-ray 

fluorescence spectroscopy (XRF) and pyrolysis gas chromatography with mass spectrometry (Py-GC/MS). 

Infrared spectroscopy was chosen as a preliminary analysis to distinguish the chemical class of the paint in 
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term of binder, filler and also dyes and pigments, whereas X-ray fluorescence has been selected as a 

satisfactory diagnostic technique able to investigate pigments, the inorganic component of the paint [3,4]. 

Finally, Py-GC/MS analyses have allowed to confirm not only the nature of the main binder based on FTIR 

results, but also to characterize more in detail the chemical composition of the paint, identifying other 

compounds undetectable with the already mentioned techniques [5,6]. 

Furthermore, once identify the chemical composition of this multi-matter artworks, an insight into the 

degradation mechanism of these materials has been performed in order to stop as soon as possible the 

degradative process and to identify an appropriate conservative approach able to preserve the Turin urban art 

[7-9]. Indeed, the current trends in conservation of outdoor artworks has been investigated in terms of 

treatment options, such as image renewal, retoning, varnishes and protectives. 

 

3. Conclusions 

 
The materials used in several murals present in Turin have been characterized by a multi-analytical 

approach. In general, there is little information on the materials used by street artists since Street Art is not 

created to remain in time. Nevertheless, especially in the case of commissioned artworks, there is a growing 

interest in extending the life of these artworks as much as possible. In view of this, the work presented here 

can be considered as a documentary of the artworks and its components, but also a preliminary insight of the 

specific and appropriate materials to be used in the realization of street art works.  
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1. Introduction 

 
In connection with the scientific renewal of the University of Pavia between 1819 and 1823, a plan for the 

«extension and improvement» of the Palace of the University of Pavia was implemented on a project by 

Giuseppe Marchesi. This plan also established the construction of a monumental staircase. In 1822 masonry 

works were completed and in 1823 Marchesi entrusted Ticinese plasterer Diego Marieloni with the 

realization of the stuccoes. Lacunars of the wide barrel vault and of half-domes of the niches were enriched 

with big high-relief stucco flowers, and many carved cornices were built. About 20 years ago water leakages 

from roofing occurred and some stucco decorations were damaged. A plastic net  was placed at the 

springline of the vault to protect users, and during time various stucco fragments gathered on it. Despite the 

elimination of leakage, stucco decay has continued to advance [1]. From the consultation of archival 

documents and historical photographs it was possible to understand the evolution of decay phenomena of 

stucco elements, as well as the previous interventions. In particular, it was discovered that surfaces 

(including stuccos) were repeatedly repainted and after Second World War some decayed decorations were 

completely replaced. Between October 2016 and march 2017 as part of a Specialization thesis in 

Architectural and Landscape Heritage (held at the Department of Architecture and Design of the University 

of Genoa, supervisors: proff. G. Franco, R. Vecchiattini, co-supervisor: prof. M. Morandotti) many 

diagnostic investigations were carried out. The Technical Department of the University of Pavia 

commissioned a 3D laser scanner survey and installed a scaffolding that allowed candidates a detailed study 

of construction techniques and state of conservation of the stucco flowers. 

 

2. Results and Discussion 

 
The close visual analysis allowed us to understand the presence of two different pictorial layers on the 

flowers, probably put in place to hide chromatic alterations, as well as subsequent attempts to mechanically 

remove the pictorial films (presence of abrasions and scratches), to bring the stucco surface back to light. All 

the flowers were catalogued, classifying them according to their state of decay. Loss of parts of the flowers 

were catalogued according both to the level of alteration of the formal perception, and to the risk for 

preservation (e.g. a totally lost flower constitute a low risk for future losses, but a high alteration of the 

perception of the original design). 

Main decay phenomena are due to the presence of salt efflorescence, which cause cracks and detachments in 

stucco elements. Monitoring the evolution of decay for a few months we could note that the progress of the 

decay phenomena occurred in relation to the presence of high levels of environmental humidity – especially 

when it happened after very cold days – with consequent formation of superficial condensation. 

Three in situ sampling campaigns were carried out: 1. collection of fragments of stucco and pictorial film 

gathered in the protection net, always connected to the flowers from which they fell (November 2016); 2. 

collection of stucco fragments fallen on the scaffolding deck below the elements of origin (December 2016); 

3. scalpel sampling of small fragments from elements still in place (January 2017). The following diagnostic 

investigations were performed on stucco samples: analysis of salt efflorescence with test strips (authors, 

SSBAP, University of Genoa); analysis with optical microscope (dr. Roberto Ricci, ISCUM, Genoa); 

analysis with X-ray Powder Diffraction (XRD) (prof. Massimo Setti, University of Pavia), Attenuated total 

reflectance - Fourier transform infrared spectroscopy (ATR-FTIR) (dr. Stefano Vassallo, Superintendence 

for Archeology, Fine Arts and Landscape of Liguria). Analyses carried out with test strips on 10 samples of 

incoherent salt efflorescence represent a first rapid survey for the detection of soluble salts. The results 

highlighted the significant presence of sulfates and the variable presence of nitrates (trace or small quantity). 
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The analysis with optical microscopy concerned 9 samples of stucco and found that all decorations have 

almost identical composition: gypsum stucco with sulphate salts, including epsomite; furthermore all the 

samples analyzed showed traces of lime finishing to be attributed to the repainting already identified with the 

close visual survey. Some samples showed two layers of lime paint. Initially mineralogical analyzes with X-

ray Powder Diffraction were carried out on 18 stucco samples from the first two sampling phases, classified 

according to the part of the element from which they fell (e.g. finishing layer, fragment of flower corolla) 

and on the basis of conservation status (e.g. coherent, pulverized fragments). A gypsum (45-99%) mixture 

with magnesium sulfates (epsomite, magnesite, hexahydrite) was detected in 15 samples, 5 samples contain 

quartz (1-16%), 2 samples contain calcite (8% and 32 %). During the third sampling phase 5 fragments were 

analyzed with XRD: a fragment of stucco in good state of conservation (chalk 92%, quartz 8%), a sample of 

mortar connecting flowers with masonry (plaster and lime mix with neutral calcium carbonate - aragonite) 

and 2 samples of plaster (lime mix with quartz aggregates and silicate compounds of the feldspar group - 

albite and orthoclase) and 1 of finishing plaster (lime-based mix with quartz aggregates, and silicate 

compounds of the feldspar - albite and orthoclase). The examination with ATR-FTIR was carried out on 3 

samples of stucco and showed results consistent with those obtained with optical microscopy and XRD, but 

allowed to find traces of oxalate in a sample of gypsum coming from a flower. 

The comparison of results of various analyzes allowed to attribute the presence of calcite to pictorial layers 

and to connecting mortar between parts and to plaster, while quartz is attributable to mortar aggregates. We 

can say that the only binder of this stucco is gypsum. In degraded stuccoes, the presence of magnesium 

sulphates is predominant. The lack of magnesium carbonates or sulphates in non-decayed binding mortar and 

plaster makes it possible to state that magnesium was originally present in the mixture of stucco and that, in 

the presence of humidity, chemical reactions between water and stucco give rise to magnesium sulphates. 

Such sulphates are particularly harmful, because they do not only create powdering, but also deep crack 

inside the material, with very negative effects for its conservation, since magnesium sulphates have various 

degrees of hydration which are unstable at ordinary relative temperatures and humidity. 

 

 
 

Fig. 1 – Picture of decayed high-relief stucco flowers 

 

3. Conclusions 

 
The monitoring of the state of preservation, together with the results of the analyzes, has led to the 

conclusion that – despite infiltrations have been eliminated – highly decayed stuccoes containing magnesium 

sulfates, in the presence of strong environmental humidity may undergo further degradation with consequent 

loss of fragments, indeed variations in environmental temperature and relative humidity can cause 

magnesium sulfates to pass from one state of hydration to the other with substantial variations in volume. 

Moreover, in the presence of superficial condensation, magnesium salts (very soluble) can dissolve, ending 

the connection effect between the two edges of the fissures inside which crystallization occurred. This result 

is fundamental for the elaboration of a conservation project that will include not only the consolidation of 

decayed material, but also a project for the stabilization of environmental conditions at the vault intrados. 
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1. Introduction 
 

Anthracology (charcoal analysis) is crucial in providing information on palaeoenvironments and human 

choices regarding the use of wood resources. Numerous charcoal samples are commonly recovered during 

archaeological excavations, but the charcoals’ identification is not yet a common practice in classical and 

post-classical archaeology. In general terms, anthracological studies are more frequent in strictly 

environmental project or charcoals are identified and studied when recovered in specific wood/charcoal 

related structures (wood stack charcoal kilns, fireplaces, hearths, etc.). This study presents the 

anthropological studies of selected charcoal samples collected during Torcello archaeological excavation in 

2012-13: the samples have been chosen according to the stratigraphy and the nature of the deposits, avoiding 

residual layers and possible contaminated contexts. The selection covers all the history of the site with a 

focus on the early medieval phases, 8-9th to the 11th century, which was characterized by a remarkable use 

of timber. Early Medieval Torcello was based entirely on wood: wooden houses, wooden piers and 

waterfronts, boats and ships, and a massive quantity of lumber and charcoal was employed in artisanal 

productions (glass production, shipyard industry) [1]. Nevertheless, wood remains are not monumental in the 

archaeological excavations: often wood – due its perishable nature – it is recognized only by its negative 

footprints. For this reason, the anthracological approach is pivotal not only to reconstruct the forest or 

agricultural environment around Torcello but also is essential to appreciate the whole character of the site. 

The research had two primary specific objectives. The first one was the identification of the different wood 

species, based on the wood anatomy, to better reconstruct the ecological environment of the Torcello island 

and the nearby mainland. The second was the analysis of the combustion processes of selected charcoal 

samples related to fireplaces/hearths and furnaces to better understand the production cycles and the uses of 

the wood as combustible. The excavations conducted in Torcello revealed furnaces indicating potential glass 

workshops: the determination of the temperature reached in such structures is extremely significant, since it 

could reveal the stages of glass production which were possible on the island and enlighten its role in the 

trade routes. Therefore, the investigation of archaeological charcoal could provide decisive information in 

reconstructing the human impact on the environment and determining the degree of technology of ancient 

societies in generation, control and application of heat. 
 

2. Results and Discussion 
 

After a careful sample selection based on the stratigraphic relevance, using a well-established protocol [2, 3] 

the wood samples have been characterized and taxonomically with Stereomicroscopy, Optical Microscope 

(MO), and Scanning Electron Microscope (SEM) [4-6]. To investigate the combustion processes selected 

charcoal samples have been analyzed by Fourier Transform Infrared Spectroscopy (FTIR), Raman 

Spectroscopy and Thermogravimetric - Differential Scanning Calorimetry (TG-DSC) [7, 8]. 

All the samples belong to broadleaves trees. This may indicate that in the early middle age the community 

was exploiting mainly trees from the very lagoon area and its mainland: oaks, hornbeams, alders, and 

willows, are lagoon or delta area trees. This seems to indicate that in the Early Middle Ages there was no yet 

need to fetch lumber from the nearby mountains: only few beeches samples indicate exploitation of non-local 

forests.  A high number of charcoal samples - collected both in the residential fireplaces and in the glass kiln 

- were fragments attributable to the Prunus family (which includes fruit trees such as plums, peaches or 

cherries). A small waterfront with a short pier was made of blackthorn trees too. Fruit cultivation seems more 

than critical for the island, also according the peach hazels collected in the stratigraphy and the remains of a 

peach jam in a 9th cent AD locally made jar. It seems that Rosaceae trees were abundant. Blackthorn trees 
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have a short life: after few seasons, the community probably used the blackthorn tree trunk to build local 

infrastructures and - knowing the ignite quality of the wood - the small branches in fires. 

As regard, the combustion process, we analyzed selected samples according to specific features, such as 

spatial and chronological homogeneity, same taxa, the presence of at least two different carbonization 

degrees presumed on the base of their morphological features, and significance of the stratigraphic unit. 

FTIR spectroscopy was performed aiming to investigate the chemical composition of wood and its variations 

after the heat treatment with different temperatures. Raman spectroscopy was performed to evaluate the 

aromatic content of charcoals. Thermogravimetric analysis was performed with the intent of studying the 

thermal reactivity of charcoal samples depending on the carbonization temperature. Thanks, the mentioned 

analysis and using also laboratory-made standards, it has been possible to determine the average combustion 

temperatures for the wood used as fuel: 400°. A set of analytical observations suggest that the wood was 

used as a fuel as it was, without preparing it before as “coal”: probably this can be related to a relative 

abundance of good quality wood in the area.  

3. Conclusions 
 

In the Early Medieval 

Torcello, the local 

exploitation of the wood 

resources was distinct, and it 

had a strong impact on the 

Island ecology. From the 

wood point of view, we can 

suggest that the intensive 

local forest exploitation can 

be one of the reasons for the 

island impoverishment 

during the following 

centuries. The benefit of the 

anthracological analysis 

resides in the accessibility of 

fresh data that cannot be obtained from any other sources to interpret the archaeological site and the use of 

structures and spaces. Considering the archaeological site from its cultural heritage value, furthermore, 

anthracological analysis is effective and completely non-invasive: data/samples are easily collected during 

the normal archaeological excavation, and their conservation does not present particular issues. 
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1. Introduction 

 
Indoor air quality in historical buildings and museums is receiving increasing concern nowadays among the 

scientific community. Many sources of pollutants, both gases and particles, are responsible for the 

accelerated decay of the works of art. Knowing the levels of indoor pollutants is of critical importance to 

apply conservation and preservation strategies of cultural heritage [1, 2]. 

Air quality at the Ambrosiana Art Gallery in Milan has been monitored (in the two periods October-

November 2017 and March 2018) inside the room where the preparatory cardboard of the School of Athens 

(1509-1511), one of most important masterpieces by Raffaello Sanzio, is stored. The cardboard is currently 

undergoing restoration and will be exposed in a new showcase that will be realized according to the specific 

environmental and microclimatic conditions of the room. The objective of this study was to monitor the 

concentration and chemical composition of the aerosol particulate matter (PM) up to the nano fraction, which 

represents the most dangerous fraction for the works of art surfaces. The monitoring campaigns have been 

carried out in parallel in the Raffaello room (at present not accessible to visitors) and in a nearby room open 

to visitors. The set of instuments employed included: a TSP sampler (total suspended particles) (Tecora, 

Pollution Check, Bravo M2); a DustMonit (Contec) analyzer that measures the concentration of dust up to 

PM1 and provides 13 granulometric classes (up to 300 nm); a NanoScan Nanoparticle sizer 3910 (TSI) 

instrument that measures particles concentration up to 10 nm; two instruments for the determination of black 

carbon (BC) in continuous and in particular a SILIIS instrument (Sphere-Integrated Laser Induced 

Incandescence  Spectroscopy) and a micro aethalometer (AE51 Magee Scientific). 

Quartz fiber filters have been employed to collect TSP samples to be submitted to chemical analysis. The 

filters have been fully chemically characterized: main ionic constituents and the carbonaceous fraction (i.e 

organic carbon, OC and elemental carbon, EC) have been analyzed by IC (ion chromatography) and TOT 

(thermal optical transmittance) respectively. A particles morphological characterization has been carried out 

on PM collected on polycarbonate filters by means of SEM-EDX (scanning electron microscopy coupled 

with energy dispersive X-ray spectroscopy). 

Outdoor PM concentrations, obtained for the two seasons (autumn 2017 and spring 2018) from ARPA 

monitoring stations placed in the city center, have been correlated with indoor data. 

 

2. Results and Discussion 

 
The results obtained have shown that outdoor environment can significantly affect indoor air quality. The 

presence of the numerous visitors contribute to increase TSP concentrations even if a linear correlation 

between visitors number and PM has not been observed: it is possible to hypothesize that there is a threshold 

for the visitors number, above which PM concentrations are independent from the number but instead the 

exchanges of air with the outdoor environment are important. TSP concentrations in the two monitored 

rooms are quite similar and are on average 40 μg / m³ and 16 μg / m³ during the day, respectively in autumn 

and in spring. It is worth noting that PM10 values, acquired by the Dust Monit instrument, are half of those 
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registered outdoor confirming that in both seasons and regardless of the operation conditions of the air 

ventilation systems, the main PM source is the particles penetration from outdoor. 

In Fig. 1 PM10 values measured with the Dust Monit instrument during the autumn campaign have been 

compared with the current limits suggested by legislation for museums [3] (i.e. a maximum of 20 and 30 

μg/m³): in both rooms there are days during which the limits are exceeded. On the contrary, during spring, 

thanks to the lower concentrations registered outdoor, the limit are not exceeded. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 – Caption 

 

 

 

Fig. 1 – Comparison between PM10 measured in the two rooms and concentration limits suggested 

for museum environments (the limit range not to be exceeded is reported in red in the figure). 
 

Furthermore Dust Monit instrument shows that that PM2.5/PM10 ratio is in most cases very close to 1 

indicating a predominance of the fine fraction. Particles number distribution analysis has shown how the 

larger number of particles is the range 0.3-0.5 micron. This is of great concern since the very fine particles 

are easily adsorbed by surfaces. 

It is worth noting that the contribution of EC to PM is not negligible. The values obtained from the chemical 

speciation by TOT analysis on quartz fiber filters, are in a fairly good agreement with black carbon  

measured by SILIIS instrument and the micro-aethalometer. Furthermore comparing BC values with 

particles distribution determined by Nano Scan, it is quite evident that BC is mainly present within the 

fraction with diameter lower than 200 nm, which represent a serious threat for the works of art stored in the 

gallery. A relatively high concentration of organic carbon (OC) has been also evidenced and this must raise 

some concern for paper supports. 
 

3. Conclusions 
 

In the present study, the problem of monitoring indoor air quality within the Ambrosia gallery (Milan) was 

addressed. Particles penetration from outdoor represents the main indoor source and indoor air quality is 

greatly affected by outdoor sources in both seasons. During autumn, the concentration limits suggested by 

the legislation for PM10 are sometimes exceeded. 

The fact that finer particles (0.3-0.5 micron) are by far the most abundant must be of concern, since they are 

the ones most able to interact with the porosity of the surfaces of works of art. 
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1. Introduction 

 
The colossus of San Carlo Borromeo, known as San Carlone, is a monumental statue dedicated to San Carlo 

Borromeo. It was built in Arona (NO, Italy) during the XVII century as the arrival point of a pilgrimage path 

in San Carlo’s birthplace. It is constituted by an internal structure of iron bars, fixed on a massive central 

stone tower, and by a “skin” of hammered and embossed copper sheets. With its 23.5 m of height and 

standing on an 11.5 m stone base is one of the biggest metallic statue in the world, being considered a really 

unique work of art, both considering its dimensions, the construction techniques and its artistic value.  

In October 2017 an extensive diagnostic campaign started, following a multi-analytical approach. On one 

hand the diagnostic activity was aimed to assess the general state of conservation of the monument in order 

to support a future conservative intervention. Furthermore, the deep characterization of the materials of such 

a peculiar monument was of interest. In fact, it presents an unusually extended surface, exposed to different 

environmental conditions: surface with several orientation and inclination are present, unsheltered, sheltered 

and semi-sheltered areas can be found, and finally some of its internal parts are opened to the public, where it 

is possible to walk and touch the copper surfaces. In addition, the characterization of the material could 

provide some information about the construction techniques adopted, that until today are not totally 

understood. 

The diagnostic protocol included a large variety of in situ and laboratory analysis. The following in-situ 

analysis were performed on the statue, taking into account both internal and external surfaces: portable 

digital microscopy, spectrophotometry in visible light, electrochemical measurements (LPR and EIS), US 

thickness measurements of the copper sheets, thickness measurements of the surface protection coating and 

corrosion layers with eddy currents, electrical conductivity measurements, infrared spectroscopy and x-rays 

fluorescence analysis. Optical microscopy, infrared spectroscopy, SEM-EDX analysis and ICP-OES analysis 

has been performed in laboratory. In addition, temperature and relative humidity sensors have been installed, 

in order to monitor the environmental parameters. 

In this work some preliminary results concerning the morphological and compositional characterization of 

the copper surfaces are presented. In addition, some preliminary results of corrosion measurements are 

reported. 

 

2. Results and Discussion 

 
The morphology and the composition of the corrosion layers investigated on the artwork is dependent on the 

location of the examined area. Even if a diffuse presence of sulfate-based corrosion products has been 

detected, significant differences have been observed between internal and external surfaces. The formers are 

characterized by a quite uniform aspect and by the predominant presence of sulfate-based corrosion products 

(antlerite and brochantite), that seem to have a distribution dependent on the exposition of the surface. In 

particular, brochantite is generally the main constituent in the most exposed areas, with major runoff, while 
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antlerite was more represented in semi-sheltered areas. Furthermore, in more sheltered areas organic 

compounds and/or copper oxalate have been detected, suggesting the presence of residues of the protective 

coating applied during the last restoration intervention. The internal surfaces present instead a larger 

variability in the visual aspect and in the morphology of the surfaces, which are anyway significantly 

different from the external ones. From the compositional point of view, a larger presence of organic 

compounds or of copper oxalate was detected. Also in this case the composition of the surface layers is 

strongly dependent on the location of the examined area, since they are differently influenced by the 

presence of visitors and deposits. 

Both on external and internal surfaces some chloride-based compounds have been detected, but further 

investigation is required in order to explain their source. 

From the corrosion point of view, as mentioned above, the surfaces were characterized by means of LPR and 

EIS. Data suggest that there is not any left protection provided by the protective coating residues since the 

obtained polarization resistance values are in the typical range of naturally patinated surfaces without 

coating. Only some areas of the internal surfaces, typically characterized by a black surface, presented a 

higher corrosion resistance. 

 

3. Conclusions 

 
The San Carlone is characterized by a general good state of conservation from the corrosion point of view, 

especially concerning the 300 years old copper sheets. It was possible to correlate morphology, composition 

and corrosion resistance of the surfaces to different exposure conditions (internal/external, sheltered/non 

sheltered), which caused different evolution of the surfaces during time. 
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1. Introduction 

 
Civil dwellings close to productive activities can be subject to perceptible pollutants as malodors, particulate 

matter (PM) of different size and noise. Some of these environmental health determinants as odor nuisances 

and PM of size smaller than 2.5 micrometers are not regulated adequately in Italy, but they deserve attention 

in the case of population living very close to pollution sources.  

Nowadays a number of highly technological instruments are available for continuous monitoring of ambient 

air at the receptors which are able to produce highly dimensional data (e.g data per minute or second, using 

for example electronic noses, optical particle counters, photo ionization detectors, etc...). Besides the latter, 

data collected by institutional monitoring, meteorological data as well as citizens' complaints records are 

available. Therefore there is the need of a tool to manage millions of single data and extract information for 

risk assessment. Recently we applied this method to data collected by an electronic nose near dwellings in 

proximity of an industrial plant [1]. In the present study we propose the data elaboration by Self Organizing 

Map algorithm of highly dimensional ambient air data collected near civil dwellings at an industrial site 

integrated with all the ancillary data available (collected with different instrumental/sensorial methods) to 

classify air types at the receptor and follow the dynamic evolution of air types (frequency, persistence, 

pollutant spikes) by visualization in a 2D SOM map [2] to obtain a comprehensive risk assessment tool. 

 

2. Results and Discussion 

 
We collected data-per-minute by use of an optical particle counter (OPC) with eight channels (model 212 

Eight Channel Particle Counter by Met One Instruments Inc., USA) and an electronic nose (MSEM-32 

Environmental Monitor System by Sensigent, Baldwin Park CA −U.S.A.) at a site near civil dwellings close 

to a steel plant in Trieste (NE-Italy) from June to September 2015. Pollutant data collected at a site nearby 

(positioned at the boundary of the steel plant) were obtained from the regional environmental protection 

agency (ARPA-FVG). Meteorological data were obtained from an institutional web site as well (OSMER-

ARPA). Records of citizen complaints about "malodor", "irritation", "dust  deposition" and "smoke" were 

obtained from the Municipality. A number of odor concentration measurements of ambient air collected at 

the receptor site when citizens complained about malodor were obtained analyzing the samples by a sensorial 

method according to EN 13725. Self Organizing Map has been applied to a dataset composed by OPC and e-

Nose data-per-minute, obtaining a 2D map. Starting from 119633 vector-per-minute (accounting for an 

overall number of single data of above 3 million) we obtained a 64x27 units map. The units are vectors with 

the same number of variables as the experimental data and which still represent the variability of 

experimental data with the benefit of a reduced noise [2]. We applied k-means clustering algorithm to the 

units obtaining three clusters which represented the three "air types" perceived at the receptor site. They have 

been characterized as "low impact", "medium impact", "high impact" observing the variable profiles in the 

clusters as well as linking the ancillary data (odor concentrations, pollutant data, citizen complaints records) 

to the clusters. The ancillary data were used as follows, considering that the only common variable between 

OPC+e-nose data and ancillary data was the sampling date/time: (i) the ancillary data date/time was 

identified; (ii) the OPC+e-nose data vectors corresponding to the same date/time were identified; (iii) the 
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map unit representing the abovementioned OPC+e-nose data vectors were identified; (iv) the ancillary data 

were directly depicted onto the SOM map over the abovementioned unit by using points or colors codes. 

A graphical animation useful to follow the dynamic evolution of air types during the sampled days as well as 

the link to the ancillary data has been produced. A "one-minute" image of the graphical animation is reported 

in the figure below: (i) on the left SOM map showing the trajectory of the day in black with a red arrow 

indicating the direction of the minute written above the map; (ii) on the center above: normalized boxplot of 

modelled variables split by clusters with red dots representing the data of experimental variables 

recorded at the considered minute; (iii) on the center below: wind direction and speed recorded at 

the considered minute; (iv) on the right above: pollutant data split by clusters with red dots 

representing the data of experimental variables recorded at the considered minute; (v) on the right 

below: possible citizen complaint record (black star on the map). Frequency and persistence of the 

three air types has been evaluated as well. 

 

 
 

Fig. 1 – "One-minute" image of the graphical animation produced to follow air dynamic evolution 

 

3. Conclusions 

 
The use of SOM algorithm allowed to deal with millions of single data values thus obtaining a classification 

of the data representing three "air types" perceived at the receptor site. The integration of the model with 

ancillary data collected by independent methods allowed to classify the air types as "low impact", "medium 

impact", "high impact" and to evaluate frequency and persistence of the air types. Moreover we produced a 

graphical animation of data-per-minute of comprehensive SOM control charts, a useful tool to follow the 

dynamic evolution of air types at the receptor keeping the information of every data available for site impact 

and risk assessment.  
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1. Introduction 

 
The restoration of modern and contemporary artworks implies significant challenges due to the preference of 

artists for complex and often unstable materials. Promising solutions are offered by nanotechnology: 

innovative nano-enable products can overcome some issues of traditional restoration techniques and can be 

effective in contrasting degradation processes of contemporary artistic materials [1]. However, nanomaterials 

have been demonstrated to be potentially hazardous to both humans and the environment [2], therefore their 

application for the conservation of cultural heritage requires an adequate assessment and management of 

potential risks. A Safe by Design (SbD) approach [3] can support the early identification and management of 

uncertainties and risks during an innovation process and allows for the modification of a product design to 

avoid undesired properties while keeping the required functionalities. In this work, realized in the frame of 

the EU H2020 NANORESTART project, a stepwise SbD framework for the sustainability assessment of 

nano-based products for restoration is proposed, taking into account the current EU legislative context (i.e. 

REACH and CLP regulations) as well as the specific features of the innovation process in the restoration 

field, which demands a high interaction between the product developers/formulators and the restorers. 

 

2. Results and Discussion 

 
The step-wise SbD framework for the sustainability assessment of restoration materials and formulations 

embraces the SbD concept proposed by NANoREG initiative, which uses the Cooper Stage Gate innovation 

model as backbone to incorporate SbD in structured innovation management processes for nanomaterials [3]. 

According to this approach, the advancement from one innovation stage to the following one depends also on 

safety considerations and risk potentials associated with the development, manufacturing, use and disposal of 

the new nanomaterials. The proposed framework includes the comparative assessment of new nano-based 

products against conventional products/formulations (if they exist) and is focused on application and post-

application stages, while the manufacturing stage cannot be included until the industrial up-scale of the new 

products has been finalized. 

STEP 0 - State of the art assessment: New product ideas are generated by formulators, based on already 

existing products, stakeholder needs, functionalities offered by innovative nanomaterials. 

STEP 1 - Initial formulation: A set of innovative formulations for a specific functionality are proposed, 

aiming at developing safer products (at this step, mainly environmental and technical criteria are considered). 

STEP 2 - Screening hazard assessment: the EU CLP self-classification approach for mixtures [4] is applied 

to identify health and environmental hazards potentially associated with the new products, based on the list 

of ingredients and their percentage in the formulation, and their Safety Data Sheets. 

STEP 2bis - Adjustment or elimination: formulators can modify each of the initial formulation to decrease its 

hazard or eliminate it if possible adjustment would decrease its technical performance. As a result, a reduced 

number of formulations proceed to the next step. 

STEP 3 - Advanced hazard assessment: Integrated Testing Strategy (ITS): in this step, both computational 

(e.g. in silico models) and experimental (in vitro and in vivo (eco)toxicological tests) approaches can be 

combined according to a hierarchical, resource effective testing scheme to perform an advanced hazard 

assessment [5]. Information about relevant exposure scenarios for both human health and the environment 
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along the product life cycle should be collected and/or generated in order to guide the toxicity testing toward 

real-life exposure conditions. 

STEP 4 - Safety assessment: results of Step 2 and 3 are combined to derive conclusions on the safety of 

selected formulations and identify hot-spots, according to qualitative, semi-quantitative or quantitative 

methods depending on data availability [6]. In addition, source of uncertainties as well as adequate Risk 

Management Measures must be identified in this step. 

STEP 5 - Sustainability assessment: to reach Stage 4 of the Cooper innovation process, customer acceptance 

as well as other social and economic implications associated with the new products should be verified. Multi-

criteria Decision Analysis methodologies [7] can be applied to integrate environmental, social, economic and 

technical evaluation criteria and reach the overall sustainability of the new product, to be evaluated against 

conventional products. 

 

In NANORESTART project, formulators developed a set of nano-enabled advanced products (Step 1) for: 

(a) controlled cleaning; (b) surface strengthening and consolidation for the mechanical reinforcement of 

weaved cotton-based material (and other fibrous materials, such as paper), and for increasing the mechanical 

resistance of cellulose-based artworks, such as cotton canvases and paper; (c) surface protection, including 

active and passive coatings for metal and for plastic substrates and (d) degradation diagnostics. 

The SbD framework was applied to NANORESTART advanced nano-based formulations, after defining 

some specific aspects of each step according to the characteristics and application of these products. A 

specific ITS has been defined and it includes a set of bioassays for acute and chronic aquatic toxicity, as well 

as cytotoxicity, DNA-damage and mutagenicity. Moreover, specific leaching test protocols were applied to 

investigate medium and long-term behaviour of products in post-application stages. The results of the 

framework application to the most promising formulations will be presented and discussed in detail. 

 

3. Conclusions 
 

The application of the proposed framework, based on state-of-the-art approaches for safety and sustainability 

assessment of new materials and formulations should not be considered as restricted to cultural heritage 

science and to nano-based formulations, but can be extended to the development of innovative chemical 

products across various application domains, regardless of whether they occur as individual substances or in 

mixtures. 
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Leather is a flexible and durable material produced from animal rawhides. The production is divided  into 

three sub-processes: preparatory stages, tanning and crusting. All these operations required several chemicals 

in order to realize a material with the specifications required. The Italian tanning industry is historically 

considered the leader in the world both in term of value (65% of EU, 19% in the world) and in quality and 

creativity of the production [1]. The  leather production is primarily for footwear (50%) , followed by leather 

goods (20%) and leather furniture (19%). The remaining part is leather for clothing and car interiors. Only 

5% is used as leather for bookbinding and accessories. 

In 2016, 1218 companies with more than 17000 employers are present in our country with an annual 

production value of 5 billion of euro (3.8 export). 

The most import sites in Italy are:  

 Arzignano (VI): primarly leather furnishing and car interiors; 

 Santa Croce sull’Arno (PI): leather goods and footwear; 

 Magenta (MI): leather for accessories and footwear; 

 Solofra (AV): leather for clothing, footwear and goods. 

 

Figure 1 shows the different contribute of the above-mentioned sites in the national production for the Italian 

Tanning Industry. 

 
 

Fig. 1 – Contribute of the different districts in the annual production value for the Italian Tanning 

Industry 
 

One of the most important problem of leather chemistry is the high environmental impact related with the 

industrial process. In particular, the heavy use of polluting chemicals in the tanning process and the air 

pollution due to the transformation process are the two principal reasons determining the high environmental 

impact of the tanning industry. For these reasons in the last few years different studies and patents reported 

tanning processes with low environmental impact (chrome free leather eg) [2, 3]. In this short presentation it 
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will be explained the work that is made in small chemical farm such as the Intiso Chemicals [4]. In particular 

it will be discussed about the connection between industry and academia and how research is essential for the 

small-medium company in our country. 

Finally it will be presented the state of art concerning our work and the future perspectives and 

collaborations that we are looking for. 
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1. Introduction 

 
ChAMBRe (Chamber for Aerosol Modelling and Bio-aerosol Research, www.labfisa.ge.infn.it) is an 

atmospheric simulation chamber installed in Genoa (IT) and managed by the National Institute of Nuclear 

Physics and the Physics Department of the University. ChAMBRe is one of the nodes of the 

EUROCHAMP2020 network, a world-class infrastructure that include the most advanced European 

atmospheric simulation chambers (ASCs in the following). ASCs are small- to large-scale facilities (with 

volumes ranging between a few to hundreds cubic meters), where atmospheric conditions can be maintained 

and monitored in real time for periods long enough to mimic the realistic environments and to study 

interactions among their constituents. ASCs have been widely used to study chemical and photochemical 

processes that occur in the atmosphere, but the high versatility of these facilities allows for a wider 

application covering all fields of atmospheric aerosol science. ChAMBRe is the first and unique atmospheric 

simulation chamber present in Italy. This facility allows studies on the composition, characteristics, 

behaviour and evolution of gases and or aerosols dispersed in the atmosphere, under controlled but realistic 

conditions. It is therefore a facility which can produce information complementary to those collected at the 

observational sites in the territory. In addition, following the tracks of a pilot experiment [1], ChAMBRe is 

also the first chamber designed specifically for bio-aerosol studies. 

 

2. Results and Discussion 

 
The chamber is made in stainless steel with a vertical cylindrical volume of about 2.2 m3 which can be 

evacuated down to a residual pressure of about 2 10-2 mbar in about 10 minutes. The chamber is equipped 

with on-line monitors of the internal temperature, pressure and relative humidity. The latter can be controlled 

by a dedicated humidifier. The air inlet is through an absolute HEPA filter and other gas traps. UV lamps are 

installed both for ozone production and for sterilization purposes; a variable speed fan is placed in the bottom 

to favor the mixing of the internal atmosphere. Aerosol concentration and size distribution are monitored by 

both a Scanning Mobility Particle Spectrometer and an Optical Particle Counter. Wall reactivity and aerosol 

life time have been measured by dedicated experiments [2]. Aerosol lifetime in ChAMBRe varies from few 

hours to about 4 days depending on particle size. Results are reasonable and very close to literature values; in 

particular experimental data are nicely reproduced by the wall deposition model described in [3]. 

Several procedures can be used to produce aerosols inside the chambre. Sub-micrometer aerosols can be 

generated from a salt solution and injected into the chamber by using a Blaustein Atomizer, with continuous 

size distributions from few nm up to about 5 µm. Aside the production of water soluble inorganic particles, 

the generation of secondary organic aerosols has been tested through a preliminary experiment of α-pinene 

ozonolysis. 

At ChAMBRe, the research on bio-aerosol is presently aiming to assess the environmental stress condition 

and alterations of bacteria viability when they are dispersed in the atmosphere. Basically, the 

microorganisms behavior is firstly studied in a clean atmosphere and later at the presence of different levels 
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and mixing of anthropogenic pollutants, like NOx, CO, CO2 and Particulate Matter. Up to now, experiments 

were carried out on Bacillus subtilis and Escherichia coli, belonging respectively to the group of Gram-

positive and Gram-negative, with the purpose to extend the analysis to other microorganisms. The ratio 

between collected and injected CFU turned out to be well reproducible (about 10 % level) in a set of 

preliminary but systematics tests and the whole procedure to grow, inject and extract bacteria in ChAMBRE 

has been thoroughly tested. 

 

 
 

Fig. 1 – : ChAMBRe layout 

 

3. Conclusions 

 
The performance of the new chamber (i.e. wall reactivity, aerosol lifetime, background levels), has been 

quantitatively assessed.  

A full description of the facility, the characterization, the mainly application, together with a briefly 

explanation on the results on both the bacterial strains, will be presented. Such results are the first 

methodologic step in view of a forthcoming systematic study of the correlation between bacterial viability 

and pollution levels, but also in view of other different studies with environmental implication.  

 

This project/work has received funding from the European Union’s Horizon 2020 research and innovation 

program through the EUROCHAMP-2020 Infrastructure Activity under grant agreement No 730997. 

References 

[1] Brotto P., Repetto B., Formenti P., Pangui E., Livet A., Bousserrhine N., Martini I., Varnier O., Doussin J.-F., Prati 

P. (2015) Use of an atmospheric simulation chamber for bioaerosol investigation: a feasibility study, Aerobiologia 31, 

445–455. 

[2] Massabò D., Danelli, S.G., Brotto P., Comite A., Costa C., Di Cesare A., Doussin J.F., Ferraro F., Formenti P., 

Gatta E., Negretti L., Oliva M., Parodi F., Vezzulli L., Prati P. ChAMBRe: a new atmospheric simulation Chamber for 

Aerosol Modelling and Bio-aerosol Research, Atmospheric Measurement Techniques, submitted. 

[3] Lai A.C.K., Nazaroff W.W. (2000) Modeling indoor particle deposition from turbulent flow onto smooth surfaces, 

Journal of Aerosol Science 31, 463–476. 

  



122 
 

 

 

Detection of residues of PVA-PEO/borax hydrogels applied for cleaning painted surfaces.  

 

 

Chiara Riedo1chiara.riedo@unito.it, Giulia Rollo2, Dominique Scalarone1 
1Dipartimento di Chimica, Univeristà degli Studi di Torino, via Pietro Giuria 7, 10125 Torino 

2Koinè Conservazione Beni Culturali, Torino 

 

 

 

1. Introduction 

 
In the field of cultural heritage gels are used for cleaning and removal of superficial layers in painted 

surfaces. Gels allow limitation of unwanted effects due to direct application of solvents, such as swelling and 

extraction of original materials. Required features are the possibility of incorporating solvents and suitable 

viscoelastic properties to obtain workable shapes and complete gel removal after application. 

Poly(vinyl alcohol) (PVA) is an attractive polymer because of its many characteristics making it suitable for 

various applications. Of particular interest is the PVA capability of forming a variety of hydrogel systems. It 

is well known that polymers with hydroxyl groups form complexes with various ions such as borate and 

vanadate. PVA-ions complexation induces the formation of gel-like materials, capable of incorporating large 

amounts of water. 

Mechanical properties and compatibility with organic solvents or other cleaning systems may be suitably 

modulated with addition of poly(ethylene oxide) (PEO), as reported in previous studies [1].Of primary 

concern for conservators is the absence of gel residues from the treated surfaces; a number of studies have 

been devoted to develop methods for identifying residues [2]. For PVA-borax gels, analyses of residues have 

been performed by Fourier transform infrared (FTIR) spectroscopy [3], chemical tagging of the polymers 

with a fluorophore [4] and borate detection by inductively coupled plasma mass spectrometry (ICP–MS). In 

the present work an analytical method based on FTIR and pyrolysis–gas chromatography/mass spectrometry 

(Py–GC/MS) was used to identify residues on mock-ups and on works of art after cleaning treatments. 

 

2. Results and Discussion 

 
The efficiency of the formulation in removing aged varnishes was tested, comparing gels with and without 

PEO and with 30% of acetone as organic cosolvent. Also, tests with and without clearing the surface after 

gel removal were performed. An analytical method based on Py-GC/MS was developed to reveal any traces 

of polymer residues after gel treatment.  

Removal tests and residues analysis were done on appositely realized mock-ups. Mock-ups were prepared by 

coating a medium density fiber (MD) support with a layer of vinyl paint with inorganic pigment (iron oxide) 

and finishing with dammar natural varnish. Mock-ups were submitted to accelerated photooxidative ageing 

in a solar box for 800 hours in outdoor conditions, to obtain a more drastic ageing. Ageing was monitored 

with observation under UV lamp: appearance of fluorescence was considered as an indicator of aged natural 

varnish. 

 

Cleaning tests were performed applying little amounts of each formulation with different application times 

and single or repeated applications on the same area. Preliminary evaluation of the treated area was visual 

(both under visible and UV light) and supported by IR-ATR spectroscopy. The tests allowed to highlight that 

formulations with acetone and PEO are more efficient in the removal of the aged varnish, leaving no 

appreciable residues and showing lower whitening effect  than tests performed by formulations without PEO. 

UV observations showed that residual fluorescence due to the aged varnish is low, meaning that removal was 

good. Also, observation of the used gel under UV light showed a fluorescence, therefore gels are capable to 

incorporate part of the solubilized varnish. With observation under UV lamp it was also possible to ascertain 

that best results for both formulations were obtained if after gel removal clearing with cotton swab was 

performed. 
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ATR‒FTIR spectra were collected from the treated areas. When a cotton swab soaked with hexane was used 

to clear the area after the gel removal, the ATR‒FTIR spectrum of the resulting surface was comparable to 

that of the unvarnished surfaces, showing that the gel is capable of efficiently removing the varnish. When 

surfaces were not cleared with cotton swab gel traces are detectable, in particular when gel without PEO was 

used.  

Samples from the surface of mock-ups after treatment were collected to be analyzed with a Py-GC/MS 

method specifically tuned to detect gel traces. The method is based on mass spectra acquisition in SIM mode 

(Single Ion Monitoring) and allows to be selective towards the analyte of interest and to increase sensitivity. 

Measurements on standard mixtures of gel with varnish and pictorial layer allowed to detect gel amount 

under 0,02 mg in complex matrices.  

Analyses of the samples collected from the surface of the mock-ups proved that, although IR spectroscopy 

did not show gel signals, gel residues were present. This issue is particularly true in the case of cleaning 

performed without subsequent clearing with cotton swab, as well observable by comparing the 

chromatogram obtained from a micro-sample taken from the mock-up surface and the standard gel reference 

(Fig. 1). After clearance with cotton swabs only trace amounts of gel markers were revealed, indicating that 

micro-residues are still present.  

After cleaning tests on mock-ups, PVA-borax formulations were tested on real cases, with the collaboration 

of a restorer.  

 
 

Fig.1 – Chromatogram of the sample collected from a treated area without clearing (up) compared 

with reference gel (below). 

 

3. Conclusions 
Cleaning tests performed on mock-ups show that the gel containing PEO is easily removable from the 

surface, as confirmed by FTIR analysis performed on the treated area. On the other hand, without further 

clearance with cotton swabs, residues of gel were detected by FTIR analysis of the treated area, in particular 

when a gel without PEO is used. Py–GC/MS in SIM mode, being selective for the characteristic gel markers, 

shows the presence of gel residues on the treated surfaces. If a cotton swab is used to clear the treated area 

after the application of the gel, FTIR is not sensitive enough to detect gel residues, but Py–GC/MS still 

reveals gel in trace amounts. These results highlight the need for a careful evaluation of the surface to be gel-

cleaned as some types of paints and varnishes may be more susceptible to residue adhesion and therefore 

retention than others. 
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1. Introduction 

 
Bones recovered from archaeological excavations are not simple objects. They represent a true “Biological 

Archive” that deserves to be available and accessible for long-term studies. Materials that have been used for 

the consolidation of bone since the start of the twentieth century mainly include natural and synthetic 

adhesives (vinyl and acrylic polymers and copolymers, alkoxysilanes) [1]. Unfortunately these materials 

cause many problems due to their scarce chemical stability (the natural ageing of these conservation products 

rapidly leads to their yellowing over time, formation of crosslinking that result in reduced solubility and 

irreversibility of the treatment) and to their poor penetration, embrittlement, shrinkage resulting in 

delamination and formation of local detachments. Moreover, in addition to possible damage they can also 

limit the possible re-treatability of the object. The development of more proper and affordable strategies for 

the restoration and conservation of ancient bones is therefore crucial to maintaining long-term access to the 

biological information recorded in the bones. In order to increase both the durability of the treatment and the 

physico-chemical compatibility between the matrix and the consolidatin agent, a possible approach is based 

on the use of consolidants constituted by inorganic materials. 

The main goal of this work is the long-term preservation of bone finds of historical and archaeological 

interest that has been achieved through the development of innovative smart nanostructured materials with 

enhanced both physical and chemical properties. A key requirement is that the developed materials must be 

sustainable and totally chemically compatible with the porous support to be preserved/restored. 

 

2. Results and Discussion 

 
In order to improve the chemical compatibility with the matrix of the bone respect to the procedures 

commonly used for the consolidation of bones, the attention has been focused on the possibility to 

usehydroxyapatite (HAP) as consolidating agent. Two different strategies have been followed: first the 

consolidation has been carried out through the application of HAP nanoparticles (HAP NPs), then we also 

tried to induce the crystallization of HAP directly into the porous matrix of the bone. Furthermore, in a 

previous paper [2,3] it has been demonstrated that the chemical composition of a bone can favor the 

formation in-situ of aragonite, through the carbonation of Ca(OH)2 nanoparticles. This mineral, due to its 

high hardness (2.25 GPa vs 1.54 GPa of calcite) should favour a strong increase of the hardness of the 

consolidated relic (up to 200%). Then, the action of the HAP has been coordinated with the one of Ca(OH)2 

nanoparticles in order to maximize at the same time both the improvement of the mechanical properties and 

the compatibility of the consolidation treatment. 

The treated bone relics have been characterized in terms of overall porosity and surface area through gas 

porosimetry technique: whilst no substantially changes has been observed after application of only NPs, the 

in-situ precipitation of hydroxyapatite with or without pre-treatment with Ca(OH)2 NPs affects the overall 

porosity and the BET adsorption-desorption isotherms indicate a decrease of surface area and pore volume of 

45% and 64% respectively. Furthermore, X-ray microtomography images clearly show that the less dense 

regions decrease after treatment instead of a homogeneous denser phase, successfully confirm the 

consolidating effect on the bone relics (see Fig. 1). 
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Fig. 1 – Microtomography images on simulated wheatered sample before (NT) and after (T) 

treatment. In this case the sample was first soaked in NR0.5g/L for 2 hours, then was allowed to 

rest for 5 days before soaking in DAP 1M for 2 hours. After 2 weeks the sample was analyzed 

through hmicrotomography and gasporosimetry. As clearly reported in the images, the blue, less 

dense, region decreases instead of an homogeneous more dense phase. BET adsorption desorption 

isotherms indicate a decrease of surface area and pore volume of 45% and 64% respectively. We 

also compared the isotherm of the sample before simulating wheatering (in red), and, as reported 

previously, we noticed that the treatment (in grey) affects positively the overall porosity, as the 

volume of adsorbed gas dramatically decrease. 

 

3. Conclusions 

 
The innovative method for the consolidation of bone relics presented in this work and based on the use of a 

nanostructured inorganic material (a blend of HAP and CA(OH)2 NPs), represents a promising, durable and 

performing alternative to the traditional polymeric consolidants, commonly used at today for the treatment of 

bone remains. 
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1. Introduction 

 

Rising damp leads to moisture presence in masonries, enhancing deterioration processes such as plaster 

detachment and decohesion and threatening the conservation of historic and contemporary buildings [1]. In 

coastal cities the decay is worsened by the rising of sea water, loading the masonries with soluble salts [2]. 

Climate changes including sea level rise, variation in the ground water level and increased frequency of 

extreme events are expected to have a further impact on the phenomenon [3]. Treatment against rising damp 

is generally advised for protecting historic buildings and many methods have been proposed to tackle the 

problem. However, a systematic evaluation of the effectiveness of these methods is still missing [1, 4]. 

The JPICH Project “Effectiveness of methods against rising damp in buildings: European practice and 

perspective – EMERISDA” (2014–2017) aims to fill this gap with scientifically based criteria and to develop 

a decision support tool for a conscious choice of these methods [5]. The project saw the co-operation 

between the Belgian Building Research Institute, the Institute of Atmospheric Sciences and Climate (CNR-

ISAC), Ca’ Foscari University of Venice, Delft University of Technology, the Cultural Heritage Agency of 

Netherlands, and the SMEs Restauri Speciali s.r.l. and Diasen. The main aims were addressed by: 

1) overview of existing solutions and definition of procedures and criteria for the evaluation of their 

effectiveness; 

2) acquisition of new data through ex-novo application of selected methods on scale models (masonries 

mockups in Bologna, Italy) and on case studies (a former sugar factory in Ferrara, Italy; St. Bavo's church 

in Haarlem, Paardenmarkt in Delft, Netherlands; St. Martin's church in Genappe, Antwerp, Saint Felix 

Warehouse, Belgium), next to the monitoring of an existing method in the Basilica di San Marco, Venice; 

3) development of a decision support tool for helping professionals and stakeholders in selecting feasible 

remediation methods. 

This contribution, in particular, focuses on the results obtained at the Narthex of the Basilica di San Marco 

and at the “ex- Zuccherificio  Agricolo  Ferrarese  Eridania” [6]. The former relates on a remediation method 

applied 20 years ago and scientifically monitored over a long span of time, the latter on the application of 

different chemical interruption and remediation plasters. 

 
2. Results and discussion 

 
The bars method within the Narthex masonry of Basilica di San Marco in Venice 

During April 1998, an experiment of dehumidification with a charge compensation technology took place in 

the Narthex of Basilica di San Marco, which is directly exposed to rising damp and frequently flooded by sea 

water. After the removal of the marble claddings, a double row of metal bars (2 m long and 3cm in diameter) 

were inserted diagonally into a muro a sacco of the 13th century, then covered with a porous lime render 

applied as sacrificial render. In presence of salty water within the masonry, the bars should produce an 

induced charge opposing the rising of water and ions. The system was monitored by conductivity 

measurements, gravimetric (MC) and hygroscopic moisture content (HMC) for 20 years: each year till 2003, 

in 2015 and 2016 (Emerisda project). A slight decrease of MC was observed over time. It is however 

difficult to attribute this reduction only to the bars, and to evaluate the specific contribution due to the 

removal of the original marble cladding, to the rough render layer and to the ambient and tides flooding.   
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Chemical interruption and application of remediation plasters at the “ex- Zuccherificio  Agricolo  Ferrarese  

Eridania” 

The Agorà, a central area of the complex “Zuccherificio Agricolo Ferrarese Eridania”, built in 1900, is a 

large rectangular room without roof, with brickwork walls internally plastered. The masonries were affected 

by rising damp, efflorescences, cracking, detachments and powdering [6]. In May 2015, two silane/siloxane 

products, one organic solvent and one water based, were injected on different walls while a premixed NHL 

mortar, followed by a layer of a macroporous cork based plaster) was applied on another masonry. MC and 

HMC measurements were collected prior their application and after 13 months at different heights and 

depths. The chemical interruption method showed high MC values at low heights with decreasing values 

above the injection line. The wall covered with the remediation plaster presented higher MC while the plaster 

remained dry.  The masonry treated with solvent based silane/siloxane water repellent presented the best 

result in terms of treatment efficiency with the highest reduction of MC. 

 
3. Conclusions 

 
The scientific approach developed within the framework of the EMERISDA project, based on a shared 

procedure regarding MC and HMC assessment over time, allowed to evaluate the effectiveness of different 

remediation methods against rising damp. Selected remediation methods were studied in different 

environmental and climatic conditions (North, South Europe, coastal or urban environment), highlighting 

that with some systems the MC trends over times were unstable and depended on the specific conditions. It is 

the case of the bars methods, that did not demonstrate significant and long lasting MC reduction in the severe 

situation of the Narthex (Venice), while the chemical interruption demonstrated a good effectiveness in 

reducing the MC in the short term above the injection line. The plaster increased the wall MC, without 

formation of salt efflorescences, and maintaining a dry surface. A combination of plasters and chemical 

injection might be advisable in several cases.  

As a final output of EMERISDA, the gained knowledge helped in developing a decision tool to support a 

conscious choice of remediation methods in relation to the decay patterns observed and to specific 

environmental conditions.  
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1. Introduction 

 
Restorers require scientists to develop products which are safe both for the cultural object and also for 

themselves.  

Gels have been proposed at this purpose in order to control the release of solvents and slow down their 

evaporation. In this way, it is possible to limit the swelling of the paint layer and the leaching of its most 

soluble components. In addition, gels are also safer for restorers, since the risk of inhalation is reduced. 

Recently, we have developed some innovative green gels which ensure safety not only for the cultural 

heritage and the operator, but also for the environment [1-2]. Indeed, they are produced with bio-renewable 

and biodegradable materials.  

In the present research, we verified the effectiveness and safety of different formulations to remove various 

types of varnish from both paintings and bronze statues. 

 

2. Results and Discussion 

 
Gels based on poly-3hydroxybutyrate (PHB) bio- polymer and different green solvents were applied for the 

removal of synthetic and natural varnishes from paintings and of wax and acrylic protectives from bronzes. 

The performances of the new products were compared to traditional solvents applied by swabs or dispersed 

in commercially available gels.  

The evaluation of the cleaning performances was performed considering the varnish removal efficacy, the 

morphological alteration and the retention of solvent. To this aim, optical microscopy, FTIR microscopy, 

solid phase micro extraction, gaschromatography-mass spectrometry and NMR relaxometry have been 

synergistically applied within an integrated analytical protocol.  

The methods were effectively set up on standard mock ups and then validated on important case studies such 

as “The Majesty” by Cimabue and the Neptune bronze fountain. 

In particular, the new gels were more effective than traditional methods and may be used both on 

hydrophobic and water sensitive surfaces. 

 

 3. Conclusions 

 
New PHB-based gels composed by the bio-polymer poly-(3-hydroxybutirrate) and different green solvents 

have been effectively tested for the removal of varnishes from paintings and bronze statues.  

Cleaning tests performances were evaluated using an integrated analytical approach which takes into 

consideration the removal efficacy, the morphological alteration and the retention of solvent. 

In conclusion, the proposed formulations can be considered of particular interest for their use in the 

restoration field because they can be considered safe for the cultural heritage, but also for the operator and 

the environment. 
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Fig. 1 – The Majesty by Cimabue: magnification of the areas cleaned with gels 
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1. Introduction 

 
From 2013 to 2016, the restoration project and yard at the abbey of San Fruttuoso di Capodimonte in 

Camogli (Genoa) offered the occasion of testing various consolidating and protective products. Some results 

of such an experimentation will be here quoted. 

The abbey is a Benedictine monastery that since the XVIth century was ruled by the noble Genoese family 

Doria for nearly three centuries (ensuring also two major restorations in 1933 and 1969) until 1983, when 

descendants Doria-Pamphilj donated the monastery to FAI (Italian Environment Fund). Today the monastery 

is still owned by FAI that takes care of its management, valorization and conservation. 

On the occasion of the restoration project, the professionals of the technical office of FAI had to deal with 

the problem of consolidation and surface protection of the building stone material: a marly limestone. In the 

masonries it is possible to observe compact stone elements with diffused surface erosion, rounded corners 

and having lost track of working, other stones densely delaminated with exfoliation related to the layering, 

others deeply fractured with scaling and conchoidal fracture. 

The abbey is located at the bottom of a bay few meters from the sea, strongly exposed to the action of the 

marine aerosol and wave erosion. Despite the constant exposure to marine aerosol, the action of saline 

efflorescence is minimal, nevertheless the continuous action of water and wind causes erosion and 

infiltration in the cracks of stone ashlars. 

In order to study the case, FAI has established a partnership with the University of Genoa to advise on the 

restoration project and yard in agreement with the Soprintendenza per i Beni Architettonici e Paesaggistici 

della Liguria (today Soprintendenza Archeologica, Belle Arti e Paesaggio per la città metropolitana di 

Genova e le province di Imperia, La Spezia e Savona). 

The restoration project was particularly delicate and expensive because it required both punctual 

interventions capable of fixing the numerous detaching chips and sealing the fissures, and a general 

superficial consolidation/protection. Experimentation, conducted both on-site and in laboratory, allowed 

some interesting review about the general and specific use of consolidating and protective products on stone 

artefacts. 
 

2. Results and Discussion 

 
The consolidation and protection of the marly limestone building material was performed by testing several 

organic and inorganic products. Preliminary tests were performed on laboratory samples. The laboratory tests 

were performed in order to verify the correct amount of product to be applied. Tests to check the 

effectiveness of the products were carried out by comparing the measurements before and after the 

application of products. 

Afterward, the same products were applied on selected ashlars of the façade in order to study their 

performance in a real condition. The on-site experimentation allowed to verify the effectiveness and 

durability of the treatments exposed to aggressive marine environment in relation with the state of 

conservation of the stone itself. 

The products tested were ethyl silicate, ethyl silicate with polysiloxane, litium silicate, nanosilica, 

ammonium oxalate, ammonium phosphate, silane/siloxane, fluorelastomers, acrylic polymers and 

acrylic/siloxane. 
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Consolidating products have been evaluated in relation to uniformity and absorbance depth as well as to the 

improvement of mechanical resistance to penetration and abrasion, and to the unaltered conservation of both 

aspect and colour. Protective products have been evaluated in relation to the increase of the treated surface 

hydro-repellence, to the unaltered conservation of both aspect and colour and to the maintenance of the 

permeability values to water vapour. 

In particular, changes in hydrophilic/hydrophobic nature of the samples were determined using the contact 

angle measurements. But marly limestone samples were not homogeneous, the contact angle was low 

(around 40°) and, despite the accurate initial material selection, different values in the measurements were 

observed a few centimeters of distance. 

 

 
 

Fig. 1 – Changes in hydrophilic/hydrophobic nature of the samples: experimental data highlight 

the large variability in stone texture even inside a single sample (5x5 cm) 

 
From the crossing of laboratory and on-site data, it emerged that no product is really effective for the 

superficial consolidation of marly limestone exposed in aggressive environmental conditions. 

 

3. Conclusions 

 
This research put in evidence some limits of the consolidating and protective products for the treatments of 

stone artworks located in critical situations, above all with relation to low values of litothype porosity and to 

environment aggressive phenomena. In the case of the abbey of San Fruttuoso, the final choice was not to 

consolidate the stone on the surface. A careful campaign was carried out to remove the parts detached, and 

the possibility of carrying out periodic maintenance was prepared. Similarly, with regard to protective 

products. Even if silane/siloxanes are the products that have had a better outcome, they have not proved to be 

durable over time in aggressive environmental conditions. The choice, also in the case of the protective ones, 

was not to use any product on the market and rather to integrate with mortar all the points of possible water 

penetration. 

Subsequently this research, some considerations can be taken done about the sustainability of certain choices 

in the field of restoration of architectonic sites, that sometimes are not properly and deeply evaluated. How 

much products could have been applied on the surface of the abbey of San Fruttuoso in the case of a 

restoration work without such an experimental approach? How much  of the same products could have been 

dispersed in environment, considering the abbey is located in the protected site of a creek in Portofino 

Promontory, Site of Community Importance - Regional Natural Park of Portofino). Simple calculations can 

easily clear up the inadequacy of some interventions of consolidation and protection of architectonic façades. 
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1. Introduction 
 

The urgent need to reduce the dependency on fossil resources and the increasing environmental concerns 

related to the large use of fossil-based fuels and carriers, calls for effective actions to identify innovative 

conversion pathways and more sustainable bio-based supply chains. The integration between agricultural 

productions and industrial activities is an optimal solution to valorize available residues and maximize 

recycling and exchange of secondary materials. 

Circular economy is an innovative business model for appropriate use of primary and secondary agro-

industrial resources from a territory, respecting its specific vocation and traditions, without competing with 

food production and decreasing the environmental load from unused residues and waste. The shift from a 

linear production pattern (where waste and pollution are the rule) to complex networks (where waste from a 

process is the raw input to another process and emissions are minimized) leads into the development of new 

production and consumption patterns based on ecology and environmental chemistry concepts. The key 

issues are: (i) providing the already existing activities with less impacting technologies, (ii) valorizing and 

diversifying the use of locally available substrates (e.g. different agro-industrial residues), (iii) adopting the 

"zero waste" concept as the guideline for planning, and (iv) optimizing the use of input resources as well as 

recycling of intermediate and output by-product flows. Understanding and properly addressing network, 

substrates, technology and methodological complexities are therefore important goals to implement circular 

economy pathways. In this regard, the choice among different conversion routes as well as the selected 

technological processes might amplify or reduce the impact of the entire production system. Therefore, the 

environmental loads generated through the whole supply chain have to be carefully quantified and assessed 

to ensure appropriate policy making and to avoid too optimistic claims and expectations. For this reason, a 

system-wide assessment framework, capable to provide a reliable, comprehensive and quantitative 

evaluation of the environmental sustainability of the investigated supply chains, is needed. The Life Cycle 

Assessment (LCA) is a standardized internationally accepted methodology [1] [2], used worldwide to assess 

the potential impacts associated with a product or process throughout the whole lifecycle, from raw material 

acquisition, through production and use stages, up to the disposal phase (cradle-to-grave or cradle-to-cradle 

approach). This work, based on LCA principles, aims to address the opportunity to develop advanced 

"circular" production routes as alternative to the conventional waste-based revenue. The environmental 

profitability of two different case studies and their perspectives were investigated in order to evaluate 

impacts and benefits of converting waste into renewable energy source or other added value bio-based 

products. 
 

2. Results and Discussion 
 

In order to implement, promote and enhance the waste recycling, it appears important to: (i) investigate the 

whole production chain including the auxiliary up-stream inputs and identifying all available and potential 

opportunities for resource saving and efficiency increase, and (ii) estimate the environmental impact in 

several impact categories, also addressing the correlation between these categories and management choices.  

The first LCA investigated case study deals with electricity production by Proteg Spa, a company located in 

the industrial area of Campania region, Italy. This industrial plant is capable of producing electric energy 

(about 5.1 MW), together with a fraction of animal meal and purified animal fat, using animal by-products 

(animal waste- hereafter AW) properly processed. The investigated system [3] consists of three stages: (i) 

collection of animal by-products, (ii) rendering process to obtain animal meal and animal fat, and (iii) fat 
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conversion into electricity through combustion in an adjusted diesel engine. According to LCA standard 

procedures [1] [2] the reference Functional Unit (FU) was set to 1 MWh of electric energy produced. For 

every MWh generated, 1800 kg of animal residues are needed. About 200 kg of purified fat and 500 kg of 

animal meal are produced as co-products. A ‘zero-burden waste’ approach has been applied, by not including 

the burdens associated to the upstream generation of treated waste, within a ‘gate to gate’ approach, since the 

system boundary is considered coincident with the physical boundaries of the industrial facility. The larger 

impacts of the electricity generated were identified in the freshwater ecotoxicity potential (1.73E-02 kg P eq) 

and the human toxicity potential (2.96E+01 kg 1,4-DB eq) due to the large contribution of methane (for 

steam generation) and urea (for the selective reduction to lower NOx emissions in cogeneration plant) inputs. 

In general, all generated impacts for the AW-based electricity (Proteg system) are lower compared to the 

average Italian electricity mix (conventional energy systems from EcoInvent database v 3.0). Results confirm 

that the "Proteg" process, converting animal waste into electricity, can be considered as an environmentally 

sound and profitable waste-to-multioutput conversion process. Future development of our research activity 

will additionally evaluate the environmental profitability of other bio-based animal-waste production chains, 

like fertilizer and pet-food production from animal meal as well as bio-diesel production and cosmetic and 

pharmaceutical commodities from animal fat [4]. 

A second case study dealt with pulp and paper manufacturing. From a circular economy point of view, the 

improvement of pulp and paper industry plays an important role in a sustainable development due to its large 

use of renewable chief raw material (wood fiber) but also due to its heavy environmental impacts [5]. The 

papermaking sector (including paper recycling) constitutes worldwide one of the largest industry segments 

due to: (i) the relevant use of water and energy, as well as chemicals and, (ii) the considerable released 

emissions [5]. This calls for a thorough assessment of environmental costs and benefits associated to pulp 

and paper operations, including both direct and indirect inputs supporting the whole papermaking process as 

well as the main outputs, co-products and by-products. In this study the LCA method, in a double 

perspective from cradle-to-gate and from cradle-to-cradle, was applied based on a functional unit of 1 ton of 

paper output in Finland (the second largest paper-producer country), to identify which process steps entail 

the highest environmental loads and require improvements. The achieved results demonstrated that the main 

hotspot, across the entire paper supply chain, is the industrial production stage. In order to improve the 

environmental sustainability of the investigated system, the residual biomass from the collection, pulping and 

papermaking steps (such as forest residues, waste wood chips, paper mill residues and sludge generated) are 

converted, through combustion in a cogeneration unit system (Combined Heating and Power plant, CHP) for 

the on-site generation of process heat and electricity (renewable energy sources). According to a circular 

economy pathway, the use of industrial waste and biomass residues as energy carriers in the paper supply 

chain, generated a reduction of about 70% of impacts on global warming and fossil depletion and about 30% 

on metal depletion and photochemical oxidant formation, compared to the previous linear production route. 

Additionally, perspective environmental friendly production chains will be further investigated in order to 

ascertain the profitability in the use of waste from pulp and paper mills to produce a wide variety of 

materials, from chemicals to fuels, in addition to paper products [6]. 
 

3. Conclusions 
 

This study was performed developing circular economy and technology patterns to help improve the energy 

efficiency of conventional supply chains, and evaluate the environment performance of alternative waste-

based industrial processing. The better use of the available resources allows to decrease the environmental 

costs, by gaining resources from ‘waste’ materials, in so minimizing the extraction of virgin materials. 
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1. Introduction 

 
Hydrogen sulphide is one of the most noxious contaminants in syngas production from coal gasification, and 

its concentration must be kept lower than 150 ppm before syngas use in power production. Conventional 

cleanup technologies, rely on chemical or physical absorption, have as the main drawback of operate at low 

temperature, causing a significant efficiency penalty in the thermal efficiency of the whole process. For this 

reason, the development of new technologies, able to operate at mid or high temperature are needed. Among 

these technologies, those based on the use of mesostructured metal oxide nanocomposites, built up with a 

mesostructured inert support able to disperse homogenously the active phase, result to be very promising, 

due to the possibility to operate in the range of mid-temperature, the high reactivity of the active phase to the 

H2S and the high regenerability. Recently, H2S sorbents, in which zinc oxide or iron oxide phases were 

dispersed into mesostructured SBA-15 [1, 2] or MCM-41 [3] silica supports have been proposed as efficient 

nanocomposites to remove H2S from a simple mixture of H2S/He gases. In this context, iron oxide 

composites has shown both the best performance in terms of H2S removal and the lower regeneration 

temperature. In the light of these results, the present contribute is focused on the evaluation of the H2S 

removal performance, under a simulate sour syngas atmosphere (H2S, CO, H2 in N2), of two iron oxide-based 

sorbents (Fe_MCM41, Fe_TiO2) in which the active phase (10% in weight) is dispersed into two different 

mesostructured supports (MCM-41silica and mesostructured anatase). 

 

2. Results and Discussion 

 
In order to verify the modifications induced by the H2S sorption repeated cycles, the two composites have 

been characterized by Low Angle and Wide Angle XRD, TEM, and N2-physisorption before (Figure 1a) and 

after (Figure 1b) the sulphidation tests. The composites have shown promising features to be use as H2S 

sorbents, due to the high surface area and porous order, and the high dispersion of the iron oxide active phase 

within the mesostructured matrix. Moreover, a more accurate characterization on the iron oxide active phase, 

based on the combined use of 57Fe-Mӧssbauer spectroscopy and DC-magnetometry, has permitted to verify 

the formation of ultrasmall maghemite nanoparticles in the Fe_MCM41 and ultrasmall hematite 

nanoparticles in the Fe_TiO2, highlighting as the nature of the mesostructured support (SiO2 or TiO2) plays a 

crucial role in the iron oxide phase formation. In this context, these features result to be crucial in the H2S 

removal performance of the two composites (Figure 1c): even though both sorbents have shown high and 

steady performance under the repeated sulphidation cycles, the best results were achieved in the case of 

Fe_MCM41. The further characterization on the regenerated sorbents after three repeated sulphidation-

regeneration runs, has proved as the porous structure were well-retained in both sorbents. Moreover, a 

further positive aspect is that, after the first sulphidation runs, an H2 enrichment at the expense of CO in the 

gaseous mixture, according to the water gas shift reaction (WGS). 
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Fig. 1 – a) From the top: Low Angle XRD, TEM images, Wide Angle, N2-physisorption isotherms 

and Pore size distribution of the fresh Fe_MCM41 and Fe_TiO2 sorbents; b) N2-physisorption 

isotherms of fresh (Fe_MCM41 and Fe_TiO2) and 3 times sulphidated-regenerated sorbents 

(Fe_MCM41_R3 and Fe_TiO2_R3); c) Sulphur retention capacity of the two composites over three 

sulphidation runs. 

 

3. Conclusions 
 
In this work, the H2S removal performance under mid-temperature conditions of two different 

mesostructured iron oxide based sorbents have been evaluated. Specifically, Fe_MCM41 has shown 

remarkable and steady performance under repeated sulphidation-regeneration cycles, proving that the 

mesostructuredpresence of reducing gaseous species (H2 and CO) does not affect the sulphur retention 

capacity. Moreover, the occurrence of the water gas shift reaction causes a beneficial H2 enrichment in the 

gaseous mixture. These findings prove the actual possibility to employ these materials for H2S removal in an 

industrial plant. 

Concerning the mesostructured Fe_TiO2 sorbent results, even if the H2S removal performances result to be 

lower than those obtained for Fe_MCM41, they are steady under repeated number of cycles. Considering the 

recent interest on TiO2@FexOy composites, due to their potential application in other fields as enhanced 

photoelectrochemical water splitting and photocatalysis, this material for the first time synthetized in form of 

mesostructured composites could represent a rare example of multifunctional material. 
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1. Introduction 

 
Autotrophic biological processes based on the metabolism of anaerobic ammonium oxidizing bacteria 

(anammox) allow removing ammonium from wastewater with significant savings in terms of energy spent 

for oxygen supply (-60%) and organic carbon supply (-100%). In addition, the production of excess sludge is 

reduced, if compared to conventional nitrification/denitrification process [1]. For these reasons, anammox-

based technologies are becoming the new standard for the treatment of nitrogen-rich wastewaters of 

municipal and industrial origins [2]. Furthermore, the application of anammox-based bioprocess to the 

treatment of municipal sewage entails a complete re-design of the wastewater treatment scheme, with the 

potential to implement an energy-autarkic or even energy-generating system [3]. Anammox bacteria easily 

form granules (self-aggregated biofilms without the presence of inert carriers). Compared to conventional 

activated sludge, granules have better settleability resulting in efficient biomass retention and thus in systems 

characterized by faster kinetics and smaller required volumes. Thanks to these features, granular systems 

treat more than 50% of the total N-load handled with anammox technologies worldwide [2]. As in 

conventional biofilms, in anammox granules, microorganisms are embedded in a matrix of hydrated 

extracellular polymeric substances (EPS) [4, 5]. EPS, which account for up to 90% w/w of the organics in 

biofilm [6], are a complex mixture of polysaccharides, proteins (structural proteins or exoenzymes), nucleic 

acids, (phospho)lipids, humic substances and intercellular polymers. 

In biological wastewater treatment processes, microorganisms use pollutants as substrates and gain energy 

for growth from their transformation into harmless products. The biomass hence produced, the so called 

excess sludge, is considered as a waste product and the related costs of handling/disposal represents up to 

50% of the wastewater treatment operative costs [7]. The recovery of the EPS coming from this excess 

sludge to be applied in other industrial sectors would therefore substantially increase the sustainability and 

economics of wastewater treatment and would promote the development of a circular economy. In this 

context, this contribution is focused on the study of the ability of the EPS extracted from anammox granular 

sludge in the removal of some of the most polluting heavy metals that contaminate different kinds of 

wastewater. 

 

2. Results and Discussion 

 
First, the analysis of the rheological properties of EPS (that are extracted under alkaline conditions from 

anammox granular sludge and then recovered in acidic conditions with an average yield of extraction of 

0.223±0.051 gEPS/gVS). aqueous solutions was carried out in order to understand the EPS threshold 

concentration above which the formation of a 3D network occurs. Fig. 1 reports the trend of the complex 

viscosity η* indicating that this parameter is nearly constant up to ca. 17.5 wt% of EPS. However at higher 

concentrations η* increases rapidly, reaching a value of 150·103 Pa·s at 20 wt% and demonstrating that, 

above this value, the formation of an extended network occurs. For this reason, being that, in order to 

maximize the entity of the interactions between EPS and bivalent heavy metal ions (M2+), the EPS aqueous 

system should be maintained under stirring, a fundamental requirement is that its viscosity should be around 

the values obtained for EPS concentrations lower than the 17.5 wt%. 
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Fig. 1 – Trend of the complex viscosity η* as a function of the EPS network concentration. 

 
Then, in order to test the efficacy of EPS in the removal of M2+ from water, an aqueous EPS solution 

containing five different M2+ (the concentration of all the M2+ was around 40 ppm) was maintained under 

stirring up to 25 hours and the amount of M2+ sequestrated by the EPS was measured as a function of time. 

Fig. 2A shows that after 8 hours of contact, the most part of Cu2+ and Cr2+ was removed by EPS (almost 95% 

and 83% of Cu2+ and Cr2+ respectively) and that the concentration of Zn2+, Pb2+ and Ni2+ was reduced at least 

of 30%. Moreover, the kinetic of the formation of the EPS/M2+ complexes is characterised by a first order 

mechanism as shown in Figure 2B reported here as an example. 

 

A 

 

B

 
Fig. 2 – (A) Trend of the amount of the M2+ ions removed from a water solution as a function of 

time. (B) The kinetic of the removal process of Cu2+ in solution is characterised by a first order 

kinetic. 

 

3. Conclusions 

 
In this contribution it has been demonstrated that the EPS coming from granules of Annamox bacteria can be 

extracted and successfully used for the treatment of wastewaters contaminated by heavy metals, therefore 

substantially increasing the sustainability and economics of wastewater treatment and promoting the 

development of a circular economy. In particular, it has been demonstrated that it is possible to meaningfully 

reduce the concentration of metal ions M2+ in water simply by adding an amount of EPS around the 10 wt%. 
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The FORCE project aims at minimizing the leakage of materials from the linear economy and work towards 

a circular economy. The four cities involved in the project, Copenhagen, Hamburg, Lisbon, and Genoa, will 

engage enterprises, citizens and academia in 16 participatory value chain based partnerships to create and 

develop eco-innovative solutions. 

The City of Genoa will establish a lead partnership for wood waste, establishing local partnerships for the 

other materials (plastic waste, strategic metals from electronic and electric equipment, surplus food and 

biowaste). TICASS, together with the Municipality of Genoa, AMIU spa, and Active Cells srl, is collecting, 

analyzing and evaluating the most promising market applications, coming from the previous activities 

carried out by the Project Consortium. 

The focus of the TICASS activities (and of the ones of its Partners in the Genoa City Cluster) is on the study 

and development of innovative processes, aiming at valorization of cut-out wood to be used for fine chemical 

production. The prospective marketing of new materials designed for fine chemicals production (molecules), 

indeed, will move from waste (wood) to usable “sustainable" sources, rather than "mineral" ones, as 

indicated in the Circular Economy approach. 
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1. Introduction 

 
Heterogeneous photocatalysis can be applied to several research areas, especially for environmental 

applications; among these, water remediation and wastewater bleaching are important fields the scientific 

research is focusing on. nanometric TiO2 is one of the most preferable material, due to its strong oxidizing 

ability, excellent chemical stability, long durability and reusability, non-toxicity, low cost and high surface to 

volume ratio. Due to its small particle size, the use of bare TiO2 is limited, indeed, for the difficulty to be 

recovered from the suspension medium. A possible way to overcome this limitation is using a supporting 

material for TiO2 with similar chemical and physical properties, such as chemical stability, reusability, water 

insolubility and high surface to volume ratio [1]. This problem can be solved, in part, if TiO2 is immobilized 

on inert supported materials without the loss of activity, like sepiolite, which has a common industrial 

application due to its molecular sized channels and large specific surface (more than 200 m2g−1). 

 

2. Results and Discussion 

 
Sepiolite, for its high adsorbent capacity, was chosen as supporting material for undoped and N-doped 

anatase TiO2. Starting with a sol-gel route, were 2-propanol, titanium tetraisopropoxide and water or an 

ammonia solution were mixed together (1:2:5, V/V) in order to obtain an amorphous gel of undoped TiO2 or 

N-doped, respectively; a hydrothermal synthesis was performed to support the nanometric TiO2 onto the 

sepiolite. Both syntheses were subjected to a chemometric approach in order to find the best synthesis 

condition among the variables investigated, which are reagents’ ratio, temperature and time and thus to find 

out the optimized sample. This coupled system has potential application in the removal of organic emerging 

pollutants, being particularly effective in the treatment of contaminated water with pharmaceutically active 

compounds, whose presence in the environment represents an increasing threat [2]. Photocatalytic 

experiments were performed on the optimized samples on methylene blue solutions and on Ofloxacin (a 

fluoroquinolone antibiotic) contaminated tap waters, under solar simulated light. Methylene Blue 

concentration is monitored along time by means of a UV-Vis spectrophotometer, while synthesized samples 

were characterized by means of XRD, SEM and DLS analyses. 

 

3. Conclusions 

 
With the experimental design it was possible to find out the optimized samples for both TiO2 gels with the 

hydrothermal supporting syntheses: methylene blue degradation results (highlighted in Fig. 1) show that both 

samples could reach very high degradation values in 60 minutes of irradiation. Optimized synthetic 

conditions were assessed to 15 mL, 130°C, 3h for bare TiO2 gel and 15 mL, 130°C and 15h for N-doped 

TiO2. Optimized samples used on Ofloxacin solutions could abate the whole pollution load in just 15 minutes 

of irradiation (Fig. 2). 
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Fig. 1 – Percentage degradation of an aqueous solution of Methylene blue by sepiolite-supported 

TiO2 and sepiolite-supported N-doped TiO2. 
 

 

 
 

Fig. 2 – Percentage degradation of an Ofloxacin solution with unsupported-TiO2 (red), the 

optimized sample (TiO2-Sepiolite, yellow) and direct Ofloxacin photolysis (green). 
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1. Introduction 
As part of a post-earthquake assessment carried out by Tokyo National Research Institute for Cultural 

Properties (TNRICP), scientific investigations were undertaken to study religious buildings and wall 

paintings in the archeological zone of Pagán. The XII century Pagoda Lokahteikpan (n°1580) was taken-on 

as a case study. The iconography of the wall paintings (Fig.1) are directly linked to Indian traditions. The 

Lokahteikpan paintings represent a first edition in terms of style and technique 

and opened the way to a full range of similar depictions visible throughout south 

east Asia [1]. The main causes of deterioration regarding the wall paintings are 

linked with environmental factors, static issues and previous interventions. 

Effects of deterioration are visible in the form of pigment discoloration and loss, 

mortar detachment and a generalised darkening of the colour layer. 

As documented by a variety of mission reports developed by the operative 

branch of UNESCO, Pagoda Lokahteikpan was involved in a restoration 

campaign carried out between 1993-1994. Treatment procedures involved the 

use of a diversity of chemical products, many of which have since been banned 

in Europe due to health and safety concerns. 

The constituting materials and original painting technique of the wall paintings 

were investigated to establish the state of conservation, main causes of 

deterioration and whether deterioration was active or passive. Risk assessments 

and environmental surveys are currently underway. Particular attention is being paid to the presence of 

arsenic in the constituting materials. Generally correlated with the use of pigments such as orpiment and 

realgar, the high levels of As identified may indicate a different explanation which is currently being 

investigated [2]. 

 

2. Results and Discussion 

 
Non-invasive analyses were firstly performed with portable ED-XRF spectrometer. Subsequently, 

representative samples were collected and analyzed using micro invasive techniques: optical microscopy, 

SEM-EDS, FT-IR spectroscopy.  

The results of integrated analyses suggest that the rendering is composed of a lime and clay binder with 

silicate aggregate such as quartz, feldspar, plagioclase, opaque minerals (magnetite and haematite) and rare 

clinopyroxenes. A weak yellowish UV fluorescence is probably related to organic additives originally added 

to the rendering. FT-IR performed on renderings detected calcium carbonate, calcium oxalate bi-hydrated 

and traces of silicates. The presence of oxalates in the rendering indicates the addition of organic additives to 

increase the binding capacities. 

An As-based priming layer was detected showing an UV fluorescence related to organic compounds in 

which Arsenic is mainly present in the form of oxide (e.g. arsenolite). Underlayer protrusions are present 

indicating that As could be linked with calcium in the form of calcium arsenate [3]. As can at times be 

connected with Fe cations such as orthoarsenites and orthoarsenates (e.g. Fe(III)-orthoarsenate Fe3(AsO4)2 

·6H2O). 

 
Fig. 1- Southern wall, 

Pagoda Lokahteikpan 
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The presence of needle-shaped As-particles in the renderings could be related to water caused migration of 

compounds present in the priming layer [4-5]. On some samples, the priming layer contained Mg and 

alumina-silicates and showed no UV fluorescence [6-7]. These two priming layers were probably applied 

due to their optical properties. 

Paint layers are very thin and sometimes detached from the rendering. Traces of a carbon-black under 

drawing were detected. Pigment identification show the use of cinnabar, carbon and bone black, red and 

yellow ochre and As-based pigments such as Orpiment. Calcium oxalates (mono and bi-hydrates) were also 

detected in the paint layer, which could confirm that the artist treated the paintings with organic additives. 

Original flesh tones appear greyish due to the alteration process of Hg-based pigments transforming into 

meta-cinnabar. The exposure of cinnabar frequently leads to an oxidation processes that results in the 

irreversible darkening of the pigment [8]. Chlorine, which is ubiquitous in the colour layer, could have 

played a key role in the darkening process through the formation of light-sensitive mercury chloride 

compounds or as a catalyst in the photochemical redox of Hg(II)S into Hg(0) and S(0). 

Potential health risks related to long-term exposure to arsenic, (by contact and aerosol), especially for 

workers and conservators, and short-term exposure (tourists), requires further risk evaluations and quantity 

measurements. 

 

3. Conclusions 

 
Integrated analyses performed on wall paintings from Pagoda n° 1580 Lokahteikpan have resulted in a 

preliminary analysis regarding painting techniques and conservation issues. Results show the use of a lime 

and clay binder with silicate and Fe-oxide aggregate and a successive priming layer containing As. Water, 

derived from rain and previous intervention has caused the arsenic to migrate into the rendering layer 

provoking the formation of As-based particles (calcium arsenate and/or orthoarsenites and orthoarsenateses).  

The colour palette is composed of yellow and red ochre, cinnabar, carbon black and bone black, As-based 

pigments such as Orpiment. Hg-based pigments in the flesh tones have undergone an irreversible oxidation 

process resulting in the formation of dark meta-cinnabar, this process was probably fomented by the 

presence of chlorine. Arsenic could represent an environmental hazard and its chemical behavior and 

mobility are particularly variable depending on the specific As-compounds present in the rendering layers. 
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1. Introduction 

 
The development of highly innovative techniques and technologies for artworks preservation is providing 

conservators with new engineered nanomaterials (ENM) and ENM-based formulations that can enhance 

performance and technical sustainability of art materials [1]. However, the human health and environmental 

impacts that may potentially emerge from these new materials and/or techniques are still little known and 

require an adequate assessment and management of potential risks [2,3]. 

ENM formulations are increasingly preferred for conservation interventions compared to the corresponding 

bulk materials formulations because of their small size and enormous specific surface area that favour their 

interaction with the material to be conserved/restored. But the small size, coupled with their capacity to 

adsorb biomolecules and interact with biological receptors, can increase the transport to reach sub-cellular 

locations leading to potentially higher localized concentrations and toxicity. A lot of factors such as size, 

shape, surface coating and the fact that these particles are subject to fast alteration, complicate the 

elucidation of the interaction mechanisms of these nanomaterials with the artefact material and the 

surrounding environment, including nano-bio interactions. 

 

2. Results and Discussion 

 
In this context, in the frame of the EU H2020 NANORESTART project, innovative nano-enabled 

formulations for the conservation and restoration of modern and contemporary artworks have been 

developed following a Safe-by-Design (SbD) approach. The ENM-based formulations proposed within the 

NANORESTART project can be classified in 5 different product families: 1) cleaning systems, 2) surface 

consolidation systems, 3) coatings for the protection of metal surfaces, 4) coatings for the protection of 

plastic surfaces and 5) sensing and diagnostic systems for detection of degradation products. The safety of 

the formulations was investigated by applying first the EU CLP self-classification approach for mixtures 

(ECHA, 2017), which has allowed to reduce the number of the following experimental in vivo and in vitro 

ecotoxicological tests. In order to better understand the key interactions occurring between ENMs and the 

biological medium used for the tests, the colloidal characterization of selected formulations was performed 

by means of Dynamic Light Scattering (DLS) and Centrifugal Separation Analysis (CSA). Moreover, 

possible release from outdoor works of art (bronze samples) treated with multi-layer coatings were also 

investigated by immersion tests, simulating the exposure of the treated materials to the worst applicable 

environmental conditions (e.g. rain, humidity, temperature). Since it was not possible to analyse nano-based 

ingredient release because of the detection limits of the conventional instrumental techniques used for 

nanoparticles characterization, it was decided to follow the release of a specific no nano-based ingredient of 

the coating. The selected ingredient is classified hazardous for the aquatic environment and could be detected 

also at very low concentrations by UV-Vis spectroscopy. 
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3. Conclusions 
 

In this study, the development of innovative nano-enabled formulations for the conservation and restoration 

of modern and contemporary artworks, was supported according to a Safe-by-Design (SbD) approach. In 

detail, product developers have adjusted or discarded the initial formulations to reduce both health and 

environment hazards according to the CLP (EC1272/2008) self-classification results and to the required 

performances. As far as the hazard assessment is concerned, the results obtained from the colloidal 

characterization were useful to elucidate fate and behaviour of nano-components and therefore to support the 

experimental design needed for ecotoxicological testing. The release test performed for the post application 

phase showed that there are no concerns for the aquatic environment derived by this specific use of the 

multi-layer coating produced within NANORESTART. 
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1. Introduction 

 
The Blue Energy concept is referred to all technologies that can use marine based resources to produce 

electricity and /or heat. In this field, the production of electricity is particularly significant. Nowadays, the 

majority of systems that use ocean energy (e.g. wave energy, marine and tidal currents, saline gradient and 

wind) [1] is at the prototype stage and information about the environmental impact, caused by their 

realization and implementation on the marine ecosystem, is still missing. 

This work presents estimations, through the Life Cycle Assessment [2], of the environmental performance of 

five model systems, characterized by different technologies: the Resonant Wave Energy Converter release 3 

– REWEC 3, the Overtopping Breakwater for Energy Conversion - OBREC, the buoy Sea Based, the 

offshore wind turbine Sea Twirl S1 and the submerged kite Deep Green. These plants have been investigated 

considering a nominal power of 500 kW. The nominal power of 500 kW have been obtained by: 1 Deep 

Green kite, 13 caissons with a nominal power of 40 kW each, 25 units of Sea Based buoys and offshore wind 

turbine Sea Twirl S1 with a nominal power of 20 kW each; and 167 OBREC modules with a 3 kW of 

nominal power each. LCA has allowed to evaluate environmental potential impacts of each model system 

and identified their critical points, in terms of carbon footprint (t CO2eq), evaluated by means of GWP100 

indicator. 

 

2. Results and Discussion 

 
Life Cycle Assessment of the five plants has been implemented in the SimaPro Software in order to evaluate 

the potential environmental impacts in terms of Carbon Footprint calculated by means of the GWP100 

indicator [3]. Results have shown that concrete structures, such as REWEC 3, generate the highest impacts; 

conversely, the kite like Deep Green shows the best environmental performances, with the lowest value of 

GWP100 indicator (Fig. 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 – Carbon Footprint (GWP100) of the three phases of the Life Cycle of each technology 

(normalization based on an average installed power of 500 kW) 
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Results from GWP100 indicator has been confirmed by the evaluation of the ratio between the emissions of 

CO2eq, generated from the entire life cycle of each technology and its expected annual productivity (MWh). 

In terms of Electricity carbon intensity (t CO2eq/MWh), the OWCs (Oscillating Water Column) REWEC 3 

model have shown the highest impact compared to other systems. Conversely, the submerged kite similar to 

Deep Green, is the technology with the lowest level in the electricity carbon intensity indicator (Fig. 2). It is 

to note that while Deep Green, Sea Based and Sea Twirl are constructed with the only purpose to produce 

energy, REWEC3 and OBREC are implemented within an already planned harbor expansion. Including this 

issue in the calculation would lower largely the impacts of these two technologies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 – Carbon emission intensity of each technology based on CF and annual electricity 

production data 

 

3. Conclusions 

 
The quantification of potential impacts enabled identification of critical points of each assessed plant, 

highlighting the construction phase as the most relevant (90% of the total CF). 

Focusing on the construction phase of REWEC 3 and OBREC plants, we see that the main responsibility is 

due to iron, concrete and steel, representing major material components of the considered systems. Impacts 

are also due to the transportation of building material to the construction sites and consumes (e.g. electricity 

and diesel) occurred during the construction phase. These results should be reevaluated considering only the 

marginal investment due to the upgrading of the plants necessary to convert waves into electricity. 

In order to take into consideration the overall efficiency of proposed solutions, beyond the nature of plants, 

the physical conditions of single sites should be also taken into consideration (e.g. wind power or wave 

potential).to have a more specific feasibility study that is the prerequisite for future blue energy plant 

installations. 
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1. Introduction 

 
TiO2, due to its chemical stability, biocompatibility, physical, optical, and electrical properties and low cost, 

is an attractive semiconducting material extensively used as photocatalyst for the degradation of several 

polluting compounds. However, due to its wide band gap, TiO2 may be photoactivated only in the ultraviolet 

region, ~ 5% of solar radiation. In order to get a contribution also from part of the visible light, N and N-Se 

doped TiO2 sols (TiN and TiSe) were prepared by the sol-gel technique starting from titanium oxysulfate as 

precursor and ammonium hydroxide and sodium selenite as dopant sources. Characterization of the doped 

TiO2 powders was carried out with spectroscopic and microscopic techniques. The photocatalytic properties 

were tested in aqueous solution under UV-VIS light (Osram Vitalux) by degradation of organic dyes (methyl 

orange, rhodamine B and methylene blue) and by reduction of Chromium (VI). The results were compared 

with nanocrystalline P25. 

 

2. Results and Discussion 

 
XRD patterns and Raman spectra of TiN and TiSe powders indicate a nanocrystalline anatase structure with 

small amounts of brookite. HRTEM images (Fig.1) of TiSe show aggregates of 10-15 nm sized nanoparticles 

whereas TiN exhibits a chain like (5-8 nanoparticles with size 3-5 nm) morphology. Diffuse reflectance 

spectroscopy (Fig.2) confirms for both doped TiO2 nanopowders a red-shift of their absorption spectra with 

respect to crystalline anatase TiO2 (“band gap” ~3.1 and ~2.7 eV for TiN and TiSe, respectively). 

 

    
Fig. 1 – HRTEM of TiN (left) and TiSe (right) nanoparticles 
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Fig. 2 – Tauc plot of (F(R)hν)0.5 versus photon energy and linear fits of the curves. 

F(R) = (1 − R)2/2R, R being the reflectance, is the Kubelka-Munk function [1]. 

 

 
The complete organic dye photodegradation takes about two hours for TiN and P25 and is much faster (less 

than 90 min) for TiSe as monitored by UV-VIS absorbance/concentration measurements (Fig. 3). TiSe sol 

results to be the most effective in the Cr(VI) to Cr(III) reduction, tested by 1,5-diphenylcarbazide method at 

540 nm. 

 

3. Conclusions 

 
The sol-gel synthesis of N or N-Se doped TiO2, starting from titanium oxysulfate, allows obtaining stable 

sols, mainly made by anatase nanocrystals. The band edge red shift of N-Se doped TiO2, increasing the 

absorption in the VIS range, enhances the photodegradation efficiency of the organic dyes and the Cr(VI) 

photo-reduction catalyzed by nanocrystalline TiO2. 
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1. Introduction 

 
Waxes are a class of substances extensively used since ancient times due to their versatility and their optical, 

chemical and physical properties as painting binders, as material for sculptures, for the preparation of 

cosmetics and medicinal remedies and in cultural heritage conservation practice. 

This study aims to evaluate the presence of wax in some Roman wall paintings from Vesuvian area, in 

particular Casa dello Scheletro, Casa dei Cervi, Casa dei due Atrii in Herculaneum were considered. 

The waxes of the wall paintings were investigated together with reference materials, i.e. beeswax, 

spermaceti, Carnauba, Candelilla and paraffin waxes, by Fourier Transform Infrared (FTIR) spectroscopy, 

Raman spectroscopy and Gas Chromatography Mass Spectrometry (GC/MS). 

 

2. Results and Discussion 

 
FTIR (Fig. 1a) and Raman spectra, in the spectral region of the methyl and methylene bending vibrations, 

show significant differences between waxes of different origin. 

The obtained results were compared with those found on samples taken from the wall paintings of 

Herculaneum. In particular, beeswax and Candelilla wax were detected on wall paintings fragments, and 

clearly identified by comparison with reference samples by GC/MS (Fig. 1b). 

 

3. Conclusions 

 
The presence of a mixture of beeswax and Candelilla, a vegetable wax introduced in Europe after the 

sixteenth century, can be explained as a residue of past maintenance works carried out to restore the original 

colours of the paintings. The use of these products for restoration works has been largely testified in 

Vesuvian area through chronicles and was already recommended in antiquity for the protection of wall 

paintings [1,2]. 

In addition, the analytical data show that these Roman wall paintings were executed without the use of 

proteinaceous and lipidic binding media, suggesting that the ancient painters worked, in the Herculaneum 

houses, with a fresco technique [2,3]. 
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Fig. 1 – a) FTIR spectra of the reference waxes. b) GC-MS analyses of the sample from Casa dei 

due Atrii, compared with Beeswax and Candelilla wax. Asterisks indicate the marker peaks of 

Candelilla wax (hydrocarbon C30 and C32). 

 

References 

[1] D’Alconzo P. (2002) Picturae excisae: conservazione e restauro dei dipinti ercolanesi e pompeiani tra il 18° e 19° 

secolo, Roma: L’Erma di Bretschneider. 

[2] Béarat H., Fuchs M., Maggetti M., Paunier D. (Eds.) (1997) Proceedings of the International Workshop “Roman 

Wall Paintings. Material, Techniques, Analysis and Conservation”, 7–9 March 1996, Fribourg. Institute of Mineralogy 

and Petrography, Fribourg. 

[3] Barbet A. (2000). La peinture romaine. Du peintre au restaurateur. University Press Bologna, Imola, 12–14. 

 

  

http://openlibrary.org/publishers/L'Erma_di_Bretschneider


155 
 

 

 

Fenton-type processes triggered by Titanomagnetites 

 

 

Stefano Bertinetti1 stefano.bertinetti@edu.unito.it, Davide Vione1, Marco Minella1 

1Department of Chemistry, University of Torino, Via P. Giuria 5, Torino 10125, Italy 

 

 

 

1. Introduction 

 
From the origin of civilization, human societies have been strongly dependent on water availability. In this 

context, an incorrect management of the water resources has negative effects on both humans and the natural 

environment. According to a circular economy point of view, it will probably become possible to see a 

community (e.g., a city or a region) like a close system regarding its water necessities, where the wastewater 

treatment effluents could be used as water sources for other uses (e.g., agriculture or even drinking water). If 

most water is reused, there is a reduced need to take water from the natural environment (i.e., from outside of 

system), which improves resilience and makes it easier to face crisis phenomena (e.g., pollution of natural 

water sources or dryness). One of the major problems for water reuse is the presence of recalcitrant 

pollutants, i.e., dangerous substances that survive the traditional treatment processes. To achieve their 

elimination, it is necessary to study new treatments, and one such possibility is represented by the Advanced 

Oxidation Processes (AOPs), which are based on the formation of highly reactive species such as the 

hydroxyl radicals, HO•. Among the AOPs, the Fenton process uses the reaction between Fe(II) and H2O2 to 

generate HO• [1, 2]: 

 

 Fe(II) + 𝐻2𝑂2  → 𝐹𝑒(𝐼𝐼𝐼) +  𝐻𝑂• +  𝐻𝑂− (1) 

 

Fe(III) can react with H2O2 or HO•
2 to give Fe(II), thus iron is cycled between the two oxidation states with 

continuous production of oxidizing species from hydrogen peroxide. Therefore, iron is often considered as 

the catalyst for the Fenton reaction and is used in lower concentration compared to H2O2. 

In this work we used two types of titanomagnetite (TM0.25 and TM0.75) and an unsubstituted magnetite 

(M) as iron sources in heterogeneous Fenton processes, to oxidize phenol in different experimental 

conditions. Titanomagnetite is a mixed oxide of Fe(II), Fe(III) e Ti(IV) with general formula Fe(3−x)TixO4. 

TM0.25 and TM0.75 had a different titanium amount in the structure, which can be expressed as x=0.25 for 

the first material and x=0.75 for the second. The Fe(II):Fe(III) ratio increases as x increases, which may 

influence the reactivity of the material [3]. This work is part of the ABATEPHARM project, aimed at 

studying and comparing different iron-based material and different Fenton strategies to remove hospital 

antibiotics and other emerging pollutants from wastewater. 

 

2. Results and Discussion 

 
Experiments carried out at different pH values (corrected using HClO4 and NaOH [7]) showed an optimum 

at pH 3. This is common for Fenton systems and it is explained by the fact that Fe(III) is only slightly soluble 

in water and precipitates for pH values above 3 [2,4]. However, in treatment plants it is very convenient to 

use pH values closer to neutrality, to reduce the use of acids and bases before and after the treatment. 

Furthermore, these additives might interfere with the reaction, for instance by reacting with HO• or giving 

non-reactive or insoluble complexes with iron species [2]. Therefore, we investigated several experimental 

conditions to improve the reactivity of the studied materials at pH > 3. 

To increase the reactivity of the Fenton system one can use chelating organic agents that improve the 

solubility of Fe(III) and speed up reaction (1) [2]. We studied the effect of citrate and oxalate on the system 

at pH 6, where the three materials (TM0.25, TM0.75 and M) didn't show reactivity. Unfortunately, the three 

materials did not show reactivity even in the presence of the added chelating agents. 

Another strategy to improve the degradation of pollutants is to provide radiation energy to the system in the 

process known as photo-Fenton [5]. UV light is able to regenerate Fe(II) by photoreduction of Fe(III) 

mailto:stefano.bertinetti@edu.unito.it


156 
 

hydroxy- (FeOH2+) or organic complexes [6]. We carried out photo-Fenton experiments with the different 

materials at pH 7 under 24 hours of irradiation, but we could not detect significant differences compared to 

the results obtained in "dark" experiments (without irradiation). 

In heterogeneous systems the Fenton reactions can occur both on the surface of the particles and in solution, 

thanks to the leaching of iron ions from the solid surface. The reactivity of the three materials was strongly 

dependent on the presence of even small amounts of Fe(II) in solution. Dissolved iron (II) and (III) must be 

monitored (we used colorimetric methods) because there is a limit for total iron in wastewater [8]. If that 

limit is exceeded, basification, oxidation and precipitation have to be used to reduce the iron concentration. 

The speciation of dissolved iron depends on the H2O2 concentration [7], thus we monitored the H2O2 time 

trend as well. Moreover, the toxicity of H2O2 implies that high residual H2O2 levels have to be eliminated.  

Titanomagnetite and magnetite lose their reactivity if they are exposed to air, either as solids or as aqueous 

slurries, because the ferrous ions on the surface are oxidized by oxygen to less reactive ferric ions. To 

prevent this, the materials were usually kept in deaerated water but some experiments were conducted after 

air exposure for different time intervals. We observed that the increase of the titanium fraction decreased the 

reactivity loss, in fact TM0.25 and M were very sensitive to air exposure while TM0.75 was more stable. 

 

3. Conclusions 
 

The introduction of Ti(IV) into the structure of magnetite increases the stability of the resulting materials to 

air exposure, but it does not enhance significantly the Fenton reactivity nor does it shift the optimal pH 

values of the process towards neutrality. Therefore, the titanomagnetites here studied (TM0.25 and TM0.75) 

do not appear as useful to water decontamination as other materials studied previously. For instance, zero-

valent iron (ZVI) shows higher reactivity in Fenton processes at higher pH values, it has higher long-term 

stability in performance, and it is also cheaper because it does not need an ad-hoc synthesis [7]. 
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1. Introduction 

 
The special properties of engineered nanoparticles (ENMs) due to their small size and high surface-to-

volume ratio represent an opportunity for technical development, with novel or improved products and 

applications, but the potential risk associated with these new materials and their new properties is only 

poorly understood [1]. Several experimental studies have been performed in the last years to understand the 

toxicity and effects of different engineered nanomaterials (ENMs) to organisms as well as their behavior 

(e.g., aggregation and dissolution) in different environmental media [1]. In particular, the dissolution rate of 

nanoparticles (NPs) in the exposure media can strongly affects the uptake pathways, the toxicity mechanisms 

and the environmental compartments in which NPs may have the highest potential impact [2,3]. 

The dissolution of ENMs proceeds through several coupled processes, including transport of solutes between 

the material and the bulk solution, the ad- and desorption of solutes at the material’s surface, hydration and 

dehydration of ions and surface migration. All those processes have to occur simultaneously, but some may 

be slower than others. An overview of common experimental approaches to study the dissolution of ENMs in 

aqueous media is reported in the review paper of Misra et al. [2]. The main physicochemical factors affecting 

the dissolution of ENMs are shown in Fig.1. 

 

 

 
 

Fig. 1 – Parameter involved in the ENMs dissolution 

 

 

2. Results and Discussion 

 
The H2020 NanoFASE project investigates the fate and speciation of ENMs in the environment with the 

overarching objective to deliver an integrated Exposure Assessment framework. In this context, this work 

focused on the dissolution processes of copper oxide nanoparticles (CuO NPs) occurring when these 

particles are dispersed in different aquatic media. Different experimental conditions have been selected for 
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the study in order to simulate as much as possible a real environmental scenario. In detail, parameters such as 

pH, ionic strength, and natural organic matter concentration were varied, in order to investigate their 

influence in the dissolution process of CuO NPs, along with improving the knowledge on environmental fate 

and behaviour of these NPs. The dissolution rate of CuO NPs was investigated by single particle Inductively 

Coupled Plasma-Mass Spectrometry (sp-ICP-MS), an emerging analytical technique with the potential to 

address crucial issues such as the determination of particle size, speciation between ions and NPs, particle 

number concentration, all at environmentally relevant concentrations [4]. 

 

3. Conclusions 

 
The results obtained so far showed the contribution of each of the investigated parameters to the dissolution 

rate of CuO NPs. The approach presented herein will then contribute to develop fate and speciation 

modelling for different ENMs within the NanoFASE project.  
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1. Introduction 

 
Agriculture is typically characterized by a high-water demand, since about 70% of worldwide freshwater 

(FW) withdrawals is used for agricultural irrigation [1]. On the other hand, limited FW availability is a 

problem of increasing concern and FW resources will become insufficient to sustain agricultural irrigation, 

mainly due to climate-related conditions. In this regard, it should be also remarked that a strong inverse 

correlation between the volume of FW available in a certain country and the quantity of food imported by 

that country has been highlighted [2]. It is therefore of paramount importance to increase water availability 

for agriculture to overcome this important natural constraint to the country’s economic growth. In the last 

decades, a growing attention has been devoted to search alternative sources of water for agriculture, also in 

view of saving high-quality waters for human consumption [3]. 

The reuse of treated wastewater (TWW) for irrigation could be an efficient tool for reducing water shortage. 

However, the TWW reuse is currently far to be fully realized, due to several barriers, such as potential risks 

for the environment and the human health due to improper wastewater treatments. The presence in TWW of 

residual microbiological contamination, residual concentrations of priority (e.g. polychlorinated biphenyls) 

and/or emerging (e.g. pharmaceuticals) organic micropollutants represents without doubts one of the most 

important barriers in TWW reuse. 

The research herein presented reports the main results obtained within the “IRRIGATIO” Project (grant 13-

069 under the ERANET MED 2014 call), dealing with the evaluation of the transfer of the residual chemical 

contamination from TWWs reused for irrigation purposes for Fragaria x ananassa strawberry (cv. 

Camarosa). 

Different TWWs from urban, and mixed urban-textile origins treated according to different treatment trains 

(activated sludge, clariflocculation, membrane biological reactors) were used for the irrigation of strawberry 

in pots. Chemical contamination indicators (i.e. PCBs, including dioxin-like congeners and PAHs) were 

monitored along the whole agricultural production chain (i.e. TWW, soil and food) in order to unequivocally 

assess the impact of the wastewater reuse practice under a wide spectrum of experimental conditions. 

 

2. Results and Discussion 

 
Four wastewater treatment plants (WWTPs) managed by the company GIDA (Prato, Italy) were chosen to 

provide the treated wastewaters for crop irrigation. In detail, TWWs from the following facilities were 

analyzed to evaluate the presence of residual PAHs and PCBs: Baciacavallo plant (TWW1) and its polishing 

systems which refine Baciacavallo effluent wastewater before entering in the industrial aqueducts of textile 

districts “Macrolotto 1” (TWW2) and “Macrolotto 2” (TWW3); Calice WWTP (TWW4). Fresh water, 

coming from drinking water, was also tested as the control. 

The sampling period covered two months: May-June 2017. 

PCBs, PAHs, Cr(VI) were measured in the above-mentioned TWWs, and in the strawberry fruits grown 

under irrigation with TWWs. Determinations were performed according to extraction procedures and 

analytical methods optimized and validated for these matrices. 
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TWWs. PCBs and PAHs were detected in TWWs in the range of 0.1-370 ng/L and 0.7-270 ng/L, 

respectively. 

Among PCBs, the most frequently detected species were PCB11 and PCB52, whereas the PAHs compounds 

most frequently occurring were acenaphthylene, fluoranthene, phenanthrene, anthracene and pyrene. 

Benzo(a)pyrene, which is regulated by Italian decree 185/2003 disciplining the reuse of treated waters for 

irrigation, was not found in TWWs. Benzo(b)fluoranthene, benzo(k)fluoranthene, benzoperylene and indene 

which are regulated by the Italian decree 31/2001 on waters intended for human consumption were not 

detected. 

Fragaria x ananassa. As regards fruit yields in plants irrigated with TWWs, compared to those grown under 

tap water irrigation, a significant reduction (up to 29%) in fruit production was noticed for TWWs treatments 

in comparison with tap water. Strawberries grown using fresh water (control) and treated waters were 

analysed coupling a QuEChERS extraction to the GC-MS analysis. In this regard, it is worth to be mentioned 

that the method detection limits achieved for PCBs and PAHs would satisfy the requirements of the 

Commission Regulation (EC) No 1881/2006 of 19 December 2006, setting maximum levels for certain 

contaminants in foodstuffs. 

According to the results obtained, no PCBs and PAHs were present in the strawberry crops. This study is 

currently under completion with the evaluation of the contamination of the soil in which strawberries were 

cultivated, in order to understand the migration of contamination along the three matrices (water, soil, 

strawberry), extending the monitoring to hexavalent chromium as well. 

 

3. Conclusions 

 
We focused this work on the reuse of effluents, of different wastewater treatment plants, for the irrigation of 

strawberry which is a fruit characterized by high water content and hence presumably vulnerable to the 

presence of residual organic micropollutants dissolved in reused water. Results clearly show the absence of 

propagation of residual contamination still present in treated waters. 
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1. Introduction 

 
The folded almanac MS.8932 (Fig. 1), written in Latin and produced in England around 1420, is a 

remarkable artefact. Astronomy and astrology played a significant role in medieval life, and calendars, based 

on Metonic cycles, enabled the sun and moon’s movements to be predicted. Almanacs containing these 

calendars became increasingly popular within a wide range of users, including the clergy who used them to 

forecast the dates of religious festivals, and medical practitioners who related celestial activity to health. 

MS.8932, previously held in a private collection, was purchased by the Wellcome Library in London in 

2013. It is a small book (H160 x W38 x D21 mm) consisting of eight vellum leaves sitting within an 

embroidered binding. The leaves are joined at their extended tabs and folded three times to fit within the 

cover. Few examples of this type of medieval folded manuscript have survived. It was probably worn 

hanging from a belt. On the opening page, John Somer identifies himself as the author and his text contains a 

calendar with additional information, including the Zodiac Man, a diagram depicting the association of the 

signs of the zodiac with specific parts of the human body. The brief but practical nature of the text suggests 

its use as a working manual. On the other hand, MS.8932’s exquisite embroidered binding is unique and 

indicates a prestigious artefact. Each cover is made of three layers: woolen fabric, vellum and linen 

embroidered with silk, all stitched together around the edge. Braids sewn down the middle may once have 

extended out beyond the binding, to fasten the almanac and create an attaching handle. 

Due to the uniqueness of this kind of artwork, it was interesting to study the materials with which it was 

decorated, i.e. the colourants used for the decorative apparatus of the manuscript and the dyes used for the 

embroidery. 

 

2. Results and Discussion 

 
The decorative apparatus of MS. 8932 is composed by a major illumination at f. 23, some decorated initials 

and some circles representing the different moon phases. The overall palette was determined by means of in 

situ non-invasive analysis carried out at Wellcome Library with UV-Visible diffuse reflectance 

spectrophotometry with optic fibres (FORS). It included azurite, brazilwood, cinnabar, a scale–insect red 

dye, red ochre and red lead; some delicate filigrees were drawn with an ink made with folium, a dye obtained 

from the Chrozophora tinctoria plant. The text of the manuscript was written in iron-gall ink, not uncommon 

in Middle Ages manuscripts, with some initials written in shell gold. 
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Fig. 1 – The English almanac MS.8932 (Wellcome Library, London) 

 

 
More complex was the identification of the dyes in the embroidery. The in-situ measurements with FORS 

only suggested a preliminary identification; therefore, some micro samples were detached from the threads. 

In this way, more reliable and selective information was later achieved by means of micro-invasive 

techniques such as Surface Enhanced Raman Spectroscopy (SERS) and HPLC-DAD-MS. Despite the small 

size of the micro samples taken (less than 2 mm of very thin threads), it was possible to identify orchil for 

pink hues, red safflower for salmon hues, indigo/madder double dyeing with aloe (possibly used as mordant 

and/or as antibacterial agent) for purple hues, and indigo/weld double dyeing for green hues. This 

information instead of  will enable comparisons to be made, helping to situate the artefact in the correct 

historical and geographical context, and to understand its overall significance. 

 

3. Conclusions 

 
The poor survival rate of medieval embroidery have largely prevented the possibility of gaining information 

of ancient embroidered artefacts. MS.8932 therefore represents an unrivalled opportunity to take a closer 

look through scientific diagnostic methods to bindings, embroidery and production methods dating from the 

medieval period. 
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1. Introduction 

 
The HPSS® process (High Performance Solidification / Stabilization), developed by Mapei and In.T.Ec. [1], 

is a technology for the treatment "on-site" of soils, sediments and waste of predominantly inorganic matrix. 

The process is conducted in suitable mixing and granulation installations, and consists in the treatment of a 

finely divided contaminated matrix (fraction ≤ 2 mm) with a hydraulic binder (typically Portland cement) 

and special additives to obtain a hardened granular material characterized by particularly reduced leaching 

levels of the inorganic contaminants and mechanical resistance suitable to classify the product as a building 

material. This result reflects the combined effect of the cement, which causes the immobilization of metals in 

the form of poorly soluble compounds (hydroxides, carbonates) and their incorporation in the hydration 

products (tobermorite gels and aluminosilicate phases AFt and AFm) [2] and additives used 

(superplasticizers and water-repellent) [3], which ensure the formation of a dense solid matrix characterized 

by a low residual porosity, which limits the leaching of pollutants and their transfer towards the environment.  
In the case of soils or sediments contaminated with both organic and inorganic contaminants, the hardened 

granules obtained from the first stage of the process may be subjected to a further process of distillation in a 

current of superheated steam (T.T.) to eliminate any volatile and semi-volatile substances, such as mercury, 

heavy hydrocarbons (C >12), PCB, IPA, PCDD and PCDF[4, 5]. In this study we utilized sediments heavily 

contaminated by mercury and heavy hydrocarbons (C >12) excavated from the construction site of a new 

navigation basin along the Mincio at Valdaro (MN - Italy). 
 

2. Results and Discussion 

 
Aliquots of 2,5 kg of pellets having more than 28 days of curing were subjected to a series of thermal 

treatments under vacuum [4] (T.T) at the temperatures of 90°C, 110°C, 150°C and 200°C. These samples 

were characterized by electronic microscopy analysis, X-ray analysis and HF digestion to determine their 

morphologic and mineralogical characteristics alongside with their total heavy metal content. Their heavy 

hydrocarbons (C >12) content before and after treatment was investigated. Their leaching behaviour was 

studied using UNI 12457-2 leaching test and the leachate was characterize by ICP-MS spectroscopy. 
Samples (2,0 kg) of the pellets were conditioned in water for different times, by using flowing tap water with 

a S/L ratio of 1,0 and a flow of 1 litre of water a day for each kilogram of pellets used. These samples were 

characterized by electronic microscopy analysis, XRPD analysis and HF digestion to determine their 

morphologic and mineralogical characteristics alongside with their total heavy metal content after the wet 

conditioning treatment (W.C). Their leaching behaviour was studied using UNI 12457-2 leaching test and 

the leachate was characterized by ICP-MS spectroscopy. Their leaching during the wet-conditioning process 

was also daily monitored. 
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(A) 

 
 

(B)  
Fig. 1 – Section of pellets subjected to vacuum thermal treatment at 150°C before (A) and after (B) 

wet conditioning process with leaching of Ni, Cr and Cu (UNI 12457-2) of said pellets. 

 
Results indicated that the leaching of many elements, particularly, Nickel, Copper, Lead and Chromium, is 

closely related to the pH value of the pore water inside the pelletes. The maximum of the transfer, due to the 

high pH value of the washing water, occurs in the first 18 days of washing. These pH values are due to the 

formation of Portlandite by the reaction of cement phases not yet hydrated present in the granules.  Once the 

hydration of the granules was completed a slow decrease in the pH values was detected within six days, 

probably due to the gradual wash-out of calcium hydroxide. Once the wash water pH stabilizes at values 

between 8,0 and 8,5 the leaching amounted to less than 10 ppb, decreasing to less than 1 ppb in the next 50 

days. The tests were interrupted after 86 days, having obtained leaching values in the washing water of less 

than 2 ppb for six consecutive days. Electron microscopic analysis showed that during conditioning the 

surface layer of the granules that had been dehydrated during the thermal treatment process is subject to a re-

hydration process that forms a low-porosity surface layer, drastically decreasing its permeability. XRPD 

analysis show that during conditioning the content of Portlandite decrease under 0,4% in every sample, while 

CaCO3 content has a marked increase. This can be confirmed by the decrease of the leachate’s pH value 

from 12,3 to 11,3 and by the marked decrease in the pellet’s erosion during the leaching test. 

 

3. Conclusions 

 
Leaching tests shows a very marked decrease in the leaching of Ni, Cu, Mo, Ba, Co, Fe and Cr, with an 

increase of leached B, V and Al after wet conditioning. The leaching of organic contaminants, which 

increased after the thermal desorption treatment, is also greatly reduced after the wet-conditioning process. 

XRPD and electron microscopic analysis shows an increase of hydrated cementitious phases and a decrease 

of the content of Ca(OH)2. The removal of heavy hydrocarbons (C >12) markedly increases between 90 and 

110°C, then increases linearly with the temperature until 200°C. 
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1. Introduction 

 
The study proposed by the IAMC CNR of Taranto as part of the “UpPark” project aims to evaluate, the 

influence of the neighboring industrial Taranto areas in the “Terra delle Gravine Park”, an area of high 

naturalistic value, by passive biomonitoring using the moss Hypnum cupressiforme. 

The project, funded by “Fondazione con il Sud” and headed by the WWF “Trulli e Gravine” (in 

collaboration to different institutions), aims to develop and implement a strategy to promote preventative 

measures to reduce environmental risks in the park area. 

The “Parco regionale della Terra delle Gravine” extends across 13 municipalites in the province of Taranto 

(Ginosa, Laterza, Castellaneta, Mottola, Massafra, Palagiano, Palagianello, Statte, Crispiano, Martina 

Franca, Montemesola, Grottaglie, San Marzano) and one municipality in the province of Brindisi (Villa 

Castelli), totalling some 25.000 hectares. 

Mosses and lichens have been widely used for more than 20 years for assessing the atmospheric trace metal 

depositions in urban areas. The monitoring of the air quality by mosses provides qualitative and quantitative 

data using economic, easy-to-manage and eco-friendly methods in addition to traditional monitoring 

programme. In particular, in this project the passive monitoring by bags called “moss bags technique” was 

used. Bags consist of a mesh or grid, made of nylon, containing washed unpolluted mosses. This technique 

has a lot of advantages: well-defined exposure time, flexibility and uniformity of entrapment surface.  

One moss specie Hypnum cupressiforme was exposed in bags in twelve sites of the Park for a period of four 

week during the summer (2017) in order to evaluate and compare the accumulation of metals. 

In this study we reported preliminary results obtained from the first monitoring activity. 

 

2. Results and Discussion 

 
Concentrations of 12 metals (Hg, Cd, Cu, Zn, As, Pb, Ni, V, Cr, Mn, Al and Fe) were determined in mosses 

Hypnum cupressiforme samples before and after exposure in the “Terra delle Gravine Park”. In particular 

twelve sites were selected in the Park area: Laterza, Castellaneta, Ginosa, Martina Franca, Grottaglie, 

Crispiano, Statte, Massafra, Mottola, Palagianello, Montemesola and Villa Castelli. 

Samples of moss were collected from a background site located in Martina Franca (altitude 430 m) (T=0). 

After four week of exposure, all samples showed increased contents of metals (from 2 to 7 times) respect to 

the T=0 with the exception for mercury which was not detectable in all stations. 

For example, As concentration ranged from 0.28 (Villa Castelli) to 0.60 (Statte) mg/kg d.w. at the end of the 

experiment (0.05 mg/kg d.w. at T=0); Cd levels ranged from 0.22 (Martina Franca) to 0.30 (Villa Castelli 

and Ginosa) mg/kg d.w. (0.09 mg/kg d.w. at T=0) while Pb concentrations were in the range 2.88-3.40 

mg/kg d.w. for Grottaglie and Castellaneta station respectively (1.80 mg/kg d.w. at T=0). 

In order to perform rapid and preliminary screening of metal concentrations found in moss samples in the 

selected study area, a descriptive statistical analysis was carried out on the data sets. 

To evaluate the obtained results, PCA was applied on a dataset of 12 sampling stations, 11 metals (Cd, Cu, 

Zn, As, Pb, Ni, V, Cr, Mn, Al and Fe) (untransformed data). Four principal components were extracted. They 

covered 87% of the cumulative variance and the scatter plot of scores showed a separation among the 

stations. 
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Fig. 1 – a) mosses samples of Hypnum cupressiforme; b) moss bag 

 

 
Scatterplot ot the first two principal components (PC1-PC2) indicated that Castellaneta followed by Laterza, 

Ginosa, Montemesola and Villa Castelli, was characterized by higher levels of Pb, Fe, Mn, Al and V 

compared to other stations. Moreover Villa Castelli had higher levels of Cr and Cu in respect to other sites. 

Some of these elements are widely used in agricultural practices and industrial processes [1]. For example Cr 

and Cu are probably associated to inorganic fertilizer and pesticides used in vineyards. 

Scatterplot of the third and fourth principal components (PC3-PC4) showed higher levels of As and Cd at the 

Statte station. The possible reason could be the influence of the nearest iron and steel factory ILVA, refinery 

and incinerator plant. 

 

3. Conclusions 

 
These preliminary results clearly confirmed mosses as efficient element accumulators in bags. Statistical 

analysis indicated difference behavior in metal accumulation. All samples showed increased contents of 

metals (from 2 to 7 times) respect to the background, with the exception for mercury which was not 

detectable in all stations. Further investigation will allow us to identify any seasonal variation in metals 

bioaccumulation. 
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1. Introduction 

 
Polychlorinated dibenzo‐p‐dioxins and polychlorinated dibenzofurans (PCDD/Fs) are environmental 

contaminants regulated by the Stockholm Convention of Persistent Organic Pollutants. Being hydrophobic 

and lipophilic, these compounds accumulate in the marine environment mainly in sediments and lipid‐rich 

tissue of marine organisms. Because of their persistence, high toxicity, bioaccumulation potential, and ability 

for long‐range transport, their spatial and temporal monitoring in the aquatic environment is very important 

to evaluate the risk to wildlife and human health. Concentrations in the environment are very low; for this 

reason analytical procedures are very complex due to co‐extractions of a large variety of interfering 

compounds. One of the internationally recognized methods is that proposed by United States Environmental 

Protection Agency (US EPA 1613 B) [1]. This method involves a very long procedure of analysis based on 

Soxhlet extraction, clean up of extracts and high resolution GC-MS analysis. This method is time consuming 

and not suitable for the analysis of a large number of samples required for environmental surveys. The trend 

in the past decade has been to develop and use environmentally friendly green analytical methods. Green 

analytical methods: (1) reduce or eliminate the use of solvents, reagents, and preservatives, (2) minimize 

energy consumption, (3) minimize or simplify management of analytical waste, and (4) result in a safer 

environment for the analyst. QuEChERS extraction (Quick, Easy, Cheap, Effective, Rugged, and Safe) is a 

rapid multi-residue green analytical method. The QuEChERS method, originally developed for extracting 

pesticides in fruit and vegetables in 2003 by Anastassiades et al. [2], has extended its application to many 

other matrices and pollutants like pesticides in environmental matrices [3]. Briefly, QuEChERS utilizes 

solid–liquid extraction in acetonitrile, followed by the partitioning of the acetonitrile from the solid and 

aqueous layers by salting out. An aliquot of the separated acetonitrile layer is then cleaned with dispersive 

sorbents and analyzed..  
The aim of the present work was to develop a simple, robust, and effective multiresidue method 

based on QuEChERS extraction procedure coupled with GC-MS tandem detection for the 

determination of PCDD/Fs in sediment samples. Nowadays, although high‐resolution mass spectrometry 

often is the detection method of choice, low‐resolution mass spectrometry can also provide sufficiently 

sensitive analyses, in particular for screening purposes. 
 

2. Results and Discussion 

 
A QuEChERS method was developed for sediment samples: the method uses solid–liquid extraction with 

acetonitrile. In particolar, the optimized method involves the extraction of the sediment sample (0.5 - 5 g 

d.w.) with 20 ml of acetonitrile in an ultrasonic bath. After adding 15 ml of Milli Q water, 6.5 g of 

magnesium sulphate and 1.5 g of sodium acetate to the organic phase, the sample was centrifuged at 4000 

rpm for 10 min. The organic phase, added with 15 ml of Milli Q water, was then extracted with n-hexane. 

The hexane extract was subjected to clean up on a column packed with activated carbon/silica. Therefore, the 

interferences have been eliminated by eluting the column with a mixture of dichloromethane / hexane. 

Finally, the dioxins and furans were eluted with toluene. 
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The toluene extract was evaporated to dryness, diluted with nonane and analyzed by GC—MS triple 

quadrupole using the MRM (Multiple Reaction Monitoring) method. 

The performance of the present QuEChERS method was evaluate by calculating the recoveries, 

reproducibility and quantification limits for the various congeners. Recovery tests were performed by 

analyzing a non-contaminated sediment in triplicate to which the labeled standards were added. Under the 

optimized conditions, the recoveries of all targets are comparable with those recommended by US EPA 

method 1613 B: the repeatabilities were 20% or less. The quantification limits (LOQ) have been calculated 

on the order of pg/g d.w. The method was then successfully applied to the determination of polychlorinated 

dibenzo‐p‐dioxins and polychlorinated dibenzofurans in sediments samples from contaminated site. The 

evaluation of the distribution of the various congeners (Fingerprints) allowed to conclude that the origin of 

the contamination in the examined samples derives mainly from combustion processes. 

 

3. Conclusions 

 
The applicability of QuEChERS procedures combined with GC-MS triple quadrupole for the determination 

of PCDD / Fs in sediments was demonstrated. Satisfactory validation parameters including linearity, LOQ, 

RSD, were obtained, demonstrating the feasibility of the method. This simple and sensitive methodology is 

expected to provide a new chemical tool for monitoring of toxic chlorinated compounds in environmental 

matrices. 
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1. Introduction 
The occurrence of contaminated sites has become a major issue facing society because involving enormous 

financial and social implications. Environmental contamination results in negative economic impacts on 

health, safety, property values, tourism, fisheries, and recreational activities, as well as limitations on 

development of urban and rural land. The problem of managing contaminated sites has been highlighted in 

the last few years, and consequently legislation has developed rather recently [1,2]. One of the primary 

challenges is also determining the proper combination of remediation techniques that takes into account the 

contaminant types, site geography, and socio economical development. Furthermore, the actions for 

reduction of pollution must be accompanied by a new vision of industrial development based on green 

processes, industrial ecology and circular economy. Marine coastal area surrounding Taranto represents a 

model ecosystem influenced by different anthropogenic pressure: urbanization, industrial activities, 

agriculture, commercial fishing, and aquaculture [3]. In particular, in this area are present the most important 

steel production plant in Europe (ILVA), an ENI oil refinery, a cement works, two power thermoelectric 

plants, and three waste incinerators. Moreover, the territory hosts an important commercial port as well as 

the main naval base of Italian Navy located in the First Inlet of the Mar Piccolo basin and in the Southern 

area of the Mar Grande. For these reasons, Taranto area has been classified “Site of National Interest” (SIN), 

established by National Law n. 426 (1998) and included in the “National Environmental Remediation and 

Restoration Projects”. The high urbanization, the massive industrialization and port activities have heavily 

affected the coastal marine environment, especially the marine sediment quality. In such situation, 

contaminated sediments represent a significant, long-term source of contaminants (persistent organic 

compounds and heavy metals) to the overlying water column and the aquatic biota. In this scenario, different 

International and National research programs (e.g. Spicamar, Spicosa, Ritmare, etc.) have been started in 

order to plan actions for environmental characterization, reduction of industrial contamination, especially in 

the iron and steel industry, and sediment remediation. The objective of these researches has been a 

multidisciplinary approach for the environmental integrated assessment of a complex marine ecosystem so 

that the best available scientific knowledge could be mobilized in support of deliberative and decision-

making processes aimed at improving the sustainability of Coastal Zone Systems (CZS). This paper 

illustrates the main environmental problems in the SIN of Taranto, with particular reference to the marine 

ecosystem and the results of researches aimed at defining a “conceptual model” of functioning especially for 

an important basin, such as the Mar Piccolo of Taranto, in order to enhance its value both naturalistic and 

socio-economic. 

 

2. Results and Discussion 

 
The monitoring activities of the marine ecosystem were started following the directives of the “Marine 

Strategy Framework”. The surveys mainly concerned the Mar Piccolo basin, both for its ecological 

importance and for the presence of economic activities such as mussel farming. The focus has been 

addressed to sediments as a phase of accumulation and release of contaminants. The primary goals was to 

identify the potential contaminant sources and extension of contamination areas. These challenges have 

involved understanding environmental fate of contaminants, the evaluation the nature and magnitude of 

human  and ecological risks, the selection of remediation techniques to remove or isolate the contaminants 

(dredging, capping or monitored natural recovery [MNR] techniques).  

With regard to pollutants, the focus was on those of industrial origin (heavy metals and persistent organic 

pollutants like Polychlorinated Biphenyls, (PCBs), Polychlorinated Dibenzo-p-Dioxins and Dibenzofurans 

mailto:n.cardellicchio@iamc.cnr.it


170 
 

(PCDD/Fs). In the marine coastal area of Taranto, persistent organic pollutants are a very important problem, 

because sediments act as sinks for hydrophobic, recalcitrant and hazardous compounds. The contamination 

by PCBs, found especially in some areas of the Mar Piccolo basin, is predominantly derived from the use, in 

the past, of industrial “Aroclor” mixtures in electrical transformers until 2010. A source of contamination by 

dioxins and furans, in addition to combustion processes, it is represented by sintering plant of the ILVA 

steelworks. Sinter plant agglomerates iron ore with other fine materials at high temperature, to create a 

product that can be used in a blast furnace. 

The various researches conducted on sediments of the Mar Piccolo confirmed the high levels of priority 

pollutants such heavy metals, PCBs and PCDD/Fs. For the latter compounds, the analysis of the distribution 

of the various congeners allowed to identify the origin of the contamination. A comparison with results from 

other Mediterranean areas demonstrates that for some pollutants (e.g. Hg and PCBs), the basin represents 

one of the most polluted areas in the Mediterranean Sea. 

In sediments organic pollutants are associate temporarily to the particulate matter, establishing equilibrium 

relations in the water–sediment interface. These sorption and desorption processes substantially determine 

their bioavailability. The direct transfer of chemicals from sediments to organisms is now considered to be a 

major route of exposure for many species. Contaminants may be mobilized by changes of geochemical 

parameters (e.g. pH), by diffusion into the water column, because of concentration gradients, by oxidation 

processes of anoxic sediments or by resuspension as well as by degradation processes leading to a more 

mobile forms. The effect of these mobilization processes leads to the accumulation of toxic compounds in 

filtering organisms, as demonstrated in “Mussel Watch” experiments. The comparison of contaminants 

levels with International Sediment Quality Guidelines (SQGs) suggests an ecotoxicological risk for benthic 

organisms. Concerning organic compounds (dioxins and dioxin-like PCB), the levels in mussels of the first 

inlet of Mar Piccolo exceed, in some areas, the limits set by the European Commission regulation; this 

resulted from 2011 the prohibition of commercialization and consumption of mussel (Mytilus 

galloprovincialis) from this marine area and the adoption of suitable purification systems. 

 

3. Conclusions 

 

On the basis of the results of the projects mentioned above, it can therefore be stated that the high 

anthropization and industrialization of the territory has created over time an accumulation of pollutants both 

in the soil and in marine sediments, that today play a not negligible role as a secondary source of 

contamination towards the biological component. The elaboration of conceptual model for the marine 

ecosystem allows, however, to make a “Scenario Analysis” useful for the development of decision-making 

processes for a sustainable environmental remediation. Sustainable reclamation provides indications to 

evaluate the benefits and impacts of various technologies in relation to the ecosystems considered. Among 

the sediment remediation technologies in marine areas of the Mar Piccolo, in which mussel farms are 

present, the “Monitored Natural Recovery” must be considered a valid alternative to the dredging 

technologies few sustainable. 
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1. Introduction 
Label free and real time optical transduction, in particular by Surface Plasmon Resonance (SPR), is 

undoubtedly at the forefront of affinity-based biosensing [1,2] thanks to its sensitivity, specificity, versatility, 

miniaturization perspectives, reusability, and low cost. Despite its application to a broad area of interests, 

from environment to food analysis, from drug discovery to diagnostics, their exploitation in cultural heritage 

conservation is still unexplored. Water-based Highly Viscous Polymeric Dispersions (HVPD) composed by 

polyvinyl acetate (PVA), borax, and water, were recently developed and successfully exploited for the 

selective removal of protein materials from painted surfaces of historical and artistic interest [3,4]. This 

cleaning method is here coupled for the first time to a SPR biosensor to simultaneously recognize albumen 

and/or yolk in HVPD extracts [5]. 

 

2. Results and Discussion 
As specific biomarkers, ovalbumin and immunoglobulin Y are selected for egg white and yolk recognition, 

respectively. The corresponding antibodies were covalently immobilized on carboxymethylated chips for 

SPR and exploited as bioreceptors. The biosensor was first characterized with reference standards in terms of 

reproducibility, sensitivity, and selectivity. 

 

 
 

Fig. 1 – The HVPD is let adhere on the artwork surface, then peeled off and dipped into a buffer 

solution to extract the protein material. The surnatant is directly analyzed by SPR giving 

simultaneous results on OVA and/or IgY presence, eventually amplified by a dedicated sandwich 

strategy to obtain further information on sample composition. The bar plot shows the simultaneous 

direct response of standard OVA and IgY on both channels (top), and the specific secondary signals 

elicited for the two analytes by the sandwich-based assay (bottom). 
 

Then, a combined 'clean & check' approach was optimized, consisting in the HVPD application on simulated 

and real art samples followed by the evaluation of hen egg presence in the extract, i.e. albumen, yolk, or their 

co-presence in the matrix. The method is mini-invasive and fast, allowing also the further identification of 

other protein matrices possibly present in the HVPD extract. 
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Fig. 2 – Repeated HVPD cleaning cycles of dried albumen (red) and yolk (gray). At each cycle, 50 

mg HVPD were applied to cover 1 cm2 of surface for 10 min. The HVPD was then peel off and its 

extract analyzed by SPR. Fresh aliquot of HVPD were employed each time. The Y scale is 

normalized to 100 (a.u.) and represents the maximum signal obtained after the first cycle for each 

analyte. 
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1. Introduction 

 
Copper is widely used in modern society, being employed in traditional end-uses such as plumbing, power 

generation, power distribution, and transportation, but it is also an essential material in emerging green 

energy systems. A well-established industrial capability characterizes primary copper production in Europe. 

However, the amount of copper extracted annually from ores and minerals is generally not enough to meet 

the domestic demand so that the EU Member States rely on imports of copper forms from foreign trade 

partners. [1]  

This import reliance determines a potential vulnerability to supply disruption in the value chain, which is 

magnified by the expected mine production peak and decreasing ore grade. [2-3] 

From this perspective, end-of-life recycling is often adduced as a way to secure access to secondary 

resources while benefiting the environment. As copper recycling is generally less energy intensive than 

primary copper production, closing the elemental cycle through recycling would result in significant 

environmental benefits.  

To this aim, material flow analysis (MFA), scenario analysis (SA), and life cycle assessment (LCA) were 

combined to explore the future copper demand and supply in the EU-28 and to determine to what extend the 

Circular Economy approach could reduce the associated greenhouse gas (GHG) emissions.  

 

 
NAS – Net addition to in-use stock; IUD – In-use dissipation 

 

Fig. 1 – The anthropogenic copper cycle in the EU-28 (best estimate for 2014). Values in Gg 

copper metallic equivalent. Reproduced from [1]  
 

 

2. Results and Discussion 
 

MFA is based on the principle of mass conservation so it enabled to identify and quantify copper flows and 

stocks in the EU-28 to 2014. [1] The anthropogenic copper cycle for the most recent year is displayed in Fig. 
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1. The historical demand for copper was used as a foundation for SA. More precisely, the copper flow into 

use by major end-use application segments was related by means of regression techniques to the main 

explanatory drivers for resource consumption such as gross domestic product, population, and the level of 

urbanization.  

Extrapolation to 2050 was then carried out by applying growth rates for the set of the most significant 

explanatory variables as described by the storylines of two scenarios, namely a business-as-usual scenario 

(Scenario 1) and a scenario in which the sustainable development goals are priority (Scenario 2). The 

description of scenario storylines was previously reported. [3] The estimated future copper demand was then 

used to inform the MFA model and simulate the generation of copper waste and scrap at end-of-life. The 

fraction of the future domestic demand that could be met by secondary copper forms domestically supplied 

was then explored over time for different end-of-life recycling rates.  

Based on these outcomes, LCA was modeled to determine the energy-related GHG emissions associated 

with total copper demand in the region. Global Warming Potential was selected as life cycle impact 

assessment indicator. Energy-related GHG emission factors were defined per unit of energy carriers. The 

modeling considered primary and final energy inputs from mining to refining both for primary (virgin) and 

secondary (recycled) copper production. For virgin copper, the resulting energy increase that could result 

from the mine production peak and the declining of ore grade was also part of consideration.  

For recycled copper, energy inputs were compiled for collecting and sorting copper waste and scrap at end-

of-life. Furthermore, the MFA model enabled to distinguish the energy demand on the basis of the recycling 

process followed, whether the flow of copper scrap goes to direct melting or to secondary refining for 

cathodes production. In addition, the possible evolution of the electricity production mix both for the EU-28 

and the world was estimated on projections from the International Energy Agency. [4] 

The results show that the business-as-usual scenario expects a huge increase in the future copper demand in 

Europe, which will likely determine GHG emissions to increase dramatically compared with the current 

levels. Even in the unlikely event that the end-of-life recycling performance improved to their maximum 

level, reliefs would still remain marginal. In contrast, making the sustainable development goals priority in 

the region (Scenario 2) requires to reduce the current demand for copper, providing recycling with the 

opportunity to meet a considerable fraction of copper supply. In this scenario, the resulting reduction of 

GHG emissions would also contribute positively to comply with the 2°C target. 

 

3. Conclusions 
The results demonstrated that copper recycling could significantly contribute to reduce the energy 

requirements and mitigate GHG emissions associated with the regional copper demand. However, the current 

recycling performance seems not to be enough to close the copper cycle. Fundamental constraints are likely 

to limit the implementation of the circular economy unless changing the current pattern of copper 

production, consumption and recycling at end-of-life. 
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1. Introduction 

 
Paints used in Street Art are modern and complex materials, often made for indoor conditions and subjected 

to hardly predictable degradation [1]. This study outlines chemical composition and long-term behavior of 

paints used for the realization of three outdoor murals in Rome, made by four different authors: Alice 

Pasquini, Alexey Luchko and SEPE&Chazme. 22 samples have been collected and their stratigraphy has 

been studied by optical microscope. FT-IR spectroscopy has been used in order to identify binders and 

degradation products present in paints and preparatory layers, while for characterization of organic pigments 

used in all different stratigraphy layers of the samples µ-Raman spectroscopy analysis has been carried out 

[2, 3]. This information is useful for artists as well as for conservators that have to face numerous issues 

related to the preservation of this modern and labile kind of artistic expression, often made without care of 

materials duration. 

 

2. Results and Discussion 

 
FT-IR analysis of about 0,001 g of each sample extracted in 500 µL of CH2Cl2 has allowed the identification 

of different kind of modern binder materials (Fig.1). By µ-Raman spectroscopy on cross-sections it has been 

possible to characterize modern organic synthesis pigments and inorganic extenders present in each sample. 

Moreover, it has provided some information in degradation mechanism which involves TiO2 migration, 

which needs to be deepened with further studies. 

 

 
 

Fig. 1 – FTIR spectrum of CH2Cl2 sample from Alice Pasquini’s mural. 

 

3. Conclusions 

 
Several kinds of modern binders have been identified during this study of three outdoor murals. Since 

different polymers have different behavior and stability, their characterization is important in order to 

anticipate their degradation mechanism or lead a responsible restoration intervention, while the presence of 

pigments has an influence on degradation phenomena. All these results are essential to the formulation of 

long lasting materials and to analytical diagnostics. 
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1. Introduction 

 
Current water quality guidelines for wastewater treatment focuses on specific chemical parameters, like 

Biological Oxygen Demand (BOD) and Chemical Oxygen Demand (COD). The risk associated with 

microorganisms, in particular E. coli and other pathogenic bacteria is also held in high regard. Quite 

satisfactory results have already been achieved in terms of nutrients and organic matter removal from 

wastewater using conventional treatment technologies. However, the research of alternatives allowing high 

efficiencies, especially towards heavy metals and micropollutants, while reducing management costs is still 

an important issue. 

In recent years, microalgae have been used directly in the wastewater treatment sequence with the double 

aim of removing nutrients and harvesting biomass, which could be used for anaerobic digestion or for other 

purposes. In fact, microalgae directly assimilate dissolved nitrogen and phosphorus and improve the energy 

balance in biological oxidation by providing O2 to heterotrophic aerobic bacteria [1]. 

New challenges now concern the removal of substances like drugs and heavy metals, as recent studies have 

shown that they are removed from effluents with a variable efficiency rate and can still be found even after 

secondary and tertiary treatments in the effluents from conventional Wastewater Treatment Plant (WWTP).  

As chemical or biological agents do not degrade metals, the efficiency of conventional wastewater treatment 

plants in removing heavy metals is normally 80-90%. Their final concentrations are often too high to prevent 

damages to the receiving waterbodies but, at the same time, too low to be effectively removed by traditional 

processes. Although the environmental risk associated to some of them is already known and studied, there is 

not yet an applicable large-scale method for their removal [2]. 

Nanotechnology could play an important role in this research topic. In the last years, nanoparticles of Zero-

Valent iron (nZVI) have proven effective in removing different pollutants by a reductive process, thanks to 

their large specific surface area and their enhanced reactivity. However, their application is limited due to the 

rapid oxidation, their aggregation in water solution and the problem of ageing effect [3]. Moreover, the 

conventional synthesis process of the nanoparticles is quite expensive.  

 

The present project is part of the wider project PerFORM WATER 2030 - Platform for Integrated Operation 

Research and Management of Public Water towards 2030, funded by Lombardy region with European 

grants. The idea is to create a platform for research, development and validation of cognitive/decision-

making technologies and tools, to ensure an increasingly effective and efficient management of the 

Integrated Water Service. 

The specific aim of the project is to develop a technological and sustainable solution for the removal of 

specific pollutants from wastewater based on the use of nZVI. A promising approach is the combination of 

nZVI with carbon materials through the encapsulation of the iron particles inside micro- or nano-carbon 

spheres [4]. This process is made via an in situ formation through Hydrothermal Carbonization (HTC) from 

an iron salt and an organic compound with reducing properties [5]. The advantages of this solution seem 

very encouraging: the nZVI component implies a high chemical reducing capability, whereas the carbon 

fraction has a high sorption capacity; moreover, including nZVI in an organic compound makes the 

separation of nZVI from the treated systems easier. The carbonaceous substrate is obtained from algal 

biomass grown on urban wastewater, thus developing further the use of microalgae for purifying purposes.  

 

2. Experimental activities 
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To reach the goal of the project, we intend to develop an experimental plan that includes the design and the 

production of the material and the lab-scale testing on selected pollutants (first of all heavy metals) which 

could be the basis for a subsequent scale-up. 

As carbonaceous substrate for HTC, we want to test the microalgal biomass coming from the pilot plant (a 

1000L raceway) installed at the Bresso-Niguarda (MI) WWTP. Microalgae are there cultivated on the 

supernatant from sludge dewatering. The first step will involve the conduction of the raceway for biomass 

production to be used later in the HTC process. This substrate must therefore be separated from the 

supernatant and characterized from the chemical point of view. 

In a second step, the HTC process (also known as wet pyrolysis) and the synthesis of CE-nZVI will take 

place at laboratory scale. In this phase, the optimization of the process parameters must be set up to 

guarantee the best operative conditions for maximizing yields and sustainability. 

Furthermore, since we will work with a wet substrate, an important step will be the characterization of the 

liquid phase involved in the pyrolysis process, in order to monitor the formation and release of pollutants. 

Technically, micro pollutants possibly present in the starting wastewater and, thus, in microalgal biomass 

could be released during carbonization increasing the risk of environmental contamination [5]. Furthermore, 

the carbonization of wet biomass could contribute to the formation of some products of incomplete 

combustion such as Polycyclic Aromatic Hydrocarbons (PAHs), and Dioxins and Furans (PCDD/Fs). 

Laboratory scale batch tests will then be performed to evaluate the removal capacity of the synthesized 

nanomaterials, taking into account the influence of different parameters (pH, contact time, nanoparticles/ 

sample ratios) on the removal of heavy metals (Cd, Hg, Pb, Ni, Cr, Cu and Zn). Samples of secondary and 

tertiary effluent, preliminarily characterized from the chemical-physical point of view, will be treated with 

the nanoparticles produced in the laboratory. The tests will be carried out either by dispersing the CE-nZVI 

in the sample using slow-stirring systems, or by filtering the sample on a bed of nanoparticles using glass 

columns. The tests will be performed on very low concentrations of pollutants (in the order of μg/L), to 

simulate likely environmental situations. 

 

 

3. Conclusions 

 
In the present project, we intend to propose a method that can represent a potential solution for the removal 

of metals and of other emerging pollutants from wastewaters, offering a reliable alternative to the 

conventional techniques in terms of cost and efficiency. 

Using waste materials easy to find and with low costs, such as microalgal biomass, will allow turning it into 

a real raw material in a circular economy perspective. 
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1. Introduction 

 
The issue of protection and the conservation of the monumental heritage worldwide is related to atmospheric 

pollution. Anthropogenic multi-pollutants are the main factors responsible for the accelerating damage 

observed on cultural artifacts exposed to the atmosphere over recent decades [1]. Air pollution is one of the 

most important causes of surface decay in the urban environment. Currently, emissions from mobile 

combustion sources are the main agents responsible for pollution, although a significant decrease is expected 

in Europe within the next decade. Damage to stone surfaces is generated by the combined action of 

environmental and anthropogenic factors. Many studies in the past have assessed the erosion phenomena of 

stone surfaces by precipitation using both mechanical and chemical mechanisms and also the phenomena of 

blackening and sulfation due to the deposition of atmospheric particulate on the stone substrates [2-6]. The 

deposition of particles on the surfaces of works of art of historic and artistic interest is not a simple 

phenomenon of adsorption to the surface since the powder is often cemented into a physicochemical process 

that includes the deposition of a thin layer of water, and chemical reactions between the material and the 

corrosive acids present in this solution can occur [5]. The powder deposits present on the stone monuments 

reflect the composition of the aerosol particulate matter (PM) to which the surfaces are exposed, so it’s the 

chemical characterization is necessary in order to adopt mitigation measurements which of conservative 

intervention and maintenance strategies. In the present study Candoglia marble specimens and quartz fiber 

filters have been exposed at the façade of Milano Cathedral (Duomo di Milano).  The field exposure activity 

started in 2012, few years after the completion of the restoration work of the façade. The objective was to 

characterize the soiling rate and composition during the very early stages of deposition on reference 

substrates exposed to the same condition of the actual stone of the façade. In order to fully characterize those 

samples, a multi-analytical approach was used. Data acquired on samples have been compared with those 

collected by the regional environmental protection agency (ARPA Lombardia) with respect to SO2, NOX and 

Black Carbon in order to compare the environmental data with those detected on the analyzed samples. 

 

2. Results and Discussion 

 
Candoglia marble specimens (quarry samples) and quartz fiber filters (gravitational deposition sampling) 

have been exposed on the façade of Milano Cathedral. Monitoring was performed at two exposure sites 

(Central terrace and South pillar) at different heights (19.40 and 9.40m), in the period 2014-2016 Powders 

samples collected from the real architectural surfaces were taken at different heights and their accumulation 

period starts from the last restoration of 2009 until 2017. All specimens were exposed in sheltered condition 

to promote deposit accumulation and also the samples of real deposits were collected from sheltered areas of 

the façade. All the samples have been analyzed by multi-analytical approach including ion chromatography 

(IC) for analysis of the anions, Thermal Optical Transmittance (TOT) for the analysis of organic carbon 

(OC) and elemental carbon (EC) on quartz fiber filters and Thermal Gravimetric Analyses coupled to 

Differential scanning calorimetry (TGA/DSG) for the quantification of OC and EC on powders samples from 

real surfaces. The anion average concentrations (reported as %) are shown in table 1. Comparing the two 

quartz filters series it can be observed that the concentrations of the single species are quite constant 

overtime. Powders samples from real surfaces show a significantly higher SO4
2- concentration which could 
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indicate that a sulfation process is occurring. On the contrary nitrate concentrations seem quite constant, the 

differences depending from the substrate. 

 

Table 1 – Anion averages of the samples expressed in concentration%. 
Sample Exposure time Concentration Averages % 

Cl- % NO2
-% Br-% NO3

-% SO4
--% 

Quartz fiber filters set I July 2014 - February 2015 1,12±0,08 
 

n.a 
 

n.a 
 

1,98±0,39 
 

3,24±0,67 
 

Quartz fiber filters set II July 2016 -march 2017 2,89±0,17 

 

0,11±0.06 

 

0,18±0.12 

 

2,63±0,53 

 

3,68±0,74 

 

Powders marble samples A July 2014 - February 2015 0,23±0,20 
 

n.a 
 

n.a 
 

0,62±0,25 
 

4,00±0,26 
 

Powders real architectural 

surfaces PO 

2009 - June 2017 0,69±0,14 

 

0,02±0,004 

 

n.a 

 

1,11±0.16 

 

10,75±1,45 

 

 
Comparing the results obtained on quartz filters for OC and EC in the two exposure sites at different heights 

it can be observed that both of them are present in a slightly higher concentration at the higher level (OC is 

on average 12.22% and 11.79% respectively at 19.70 m and 9.40 m while EC is on average 0.18 and 0.06 

respectively at 19.70 m and 9.40 m) and this is due to the fact that these species are present in the finer PM 

fraction that is more easily re-suspended. On the contrary, there are not significant differences in OC and EC 

concentrations overtime in accordance with what already observed for the main anions. In order to interpret 

the results obtained, environmental data as regards the main atmospheric pollutants (both particles and gases 

such as NOx and SO2) have been collected from ARPA monitoring stations, placed in Milan city center, over 

the period 2000-2017. The data acquired will be elaborated to evaluate the relation existing between 

atmospheric pollution concentration levels and stone surfaces degradation. 

 

3. Conclusions 

 
In this contribution, we discuss the results of a field exposure performed on the Milan Cathedral façade after 

the last restoration. A constant chemical composition of the powder collected on the exposed quartz fiber 

filters has been observed within the two monitoring periods. This information could be useful to evaluate the 

deposition rate on the actual surfaces of the façade thus allowing to define sustainable strategies for 

preventive conservation. 
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1. Introduction 

 
A large quantity of bottom ash, the main residue of municipal solid waste incineration (MSWI), is produced 

all over the world. Consequently, the impact on landfilling or recycling of this residue is large. The 

incinerator bottom ashes (IBA) are currently defined as "non-hazardous" but this classification could change 

following the application of the incoming European regulation which indicates how to define the waste 

features HP14 (ecotoxicity). The new Regulation (EU) 2017/997 for the assignment of the HP14 "ecotoxic" 

characteristic and which will come into force in all the Member States from next 5 July 2018, introduces new 

criteria for the assessment of ecotoxicity with respect to current national standards in force, the law n. 

125/2015. According to the wastes hazardous properties (HP), HP14 includes waste that presents or may 

present immediate risks for one or more environmental compartments. 

The bottom ashes characterization, generated by the main Italian plants in the last few years, revealed a 

substantial classification as "non-hazardous", with specific reference to the evaluation criteria in force. 

However, in light of the more recent developments of the EU Regulation, with particular reference to the 

hazard characteristic HP14, it will be useful to be able to evaluate the specific chemical forms. 

In the present project bottom ashes coming from a waste energy plant, considered as representative of the 

average composition obtainable from incineration of municipal solid urban waste, is chemically 

characterized in order to establish an analytical protocol allowing to improve the classification methodology.  

In Italy about 18% of the collected MSW is incinerated [1]. In 2013, considering about 6,000,000 tons of 

wastes sent for incineration, 939,700 tons of bottom ashes were produced in Italy and characterized as non-

hazardous waste, while 54,900 tons of bottom ashes as hazardous waste [1]. 

Currently about 70.7 % of the bottom ash is treated in bottom ash treatment plants resulting in different 

fractions. At present IBA are re-used for road construction, embankment, pavement, aggregate and filler for 

concrete [2]. 
In this study the speciation of Cu and Zn that are, in some of their compounds, classified as ecotoxic, will be 

investigated using a combination of XRPD (X-ray powder diffraction), SEM-EDX (electron microprobe coupled 

with energy dispersive spectroscopy) and FT-IR spectroscopy, both on the IBA and on the residues from their 

sequential dissolution; metal contents are determined by XRF and ICP-OES. This multi-analytical approach 

turned out to be useful also in the case of fly ash speciation [3]. 

 

2. Results and Discussion 

 
In order to identify the chemical species present, a series of IBA samples has been analyzed. Besides the ash 

sample, also the leachates and the residues of IBA coming from sequential dissolutions (water, till neutrality, 

NaOH or NH3, and mineral acids) are investigated. In particular, the solid residue after each leaching 

treatment, less complex than the original, should allow to better clarify IBA composition through analytical 

surface techniques. 

Semi-quantitative mineralogical and speciation analyses have been performed on real IBA, standard samples 

appropriately reconstructed on the base of IBA composition and samples spiked with known amounts of 

copper and zinc species (i.e. Cu and Zn oxides, sulphates and chlorides). 
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The semi-quantitative approach by XRD analysis could turn out very challenging since the concentration 

limits required by the new European regulation are near the instrumental limit of detection. 

By means of SEM-EDS analysis the average composition of each sample (real and reconstructed) has been 

determined by acquiring spectra on a large number of windows (more than 10); furthermore the analysis of 

the single particles allowed to study the correlation among elements and to formulate some hypothesis on 

their chemical speciation. At this purpose a statistical approach already applied for the study of fly ash is 

applied [4]. 

 

3. Conclusions 

 
In the present study the development of an analytical protocol for the chemical characterization of IBA, 

regarding Zn and Cu species, has been considered. The set-up of a protocol is challenging because these 

species concentrations, with regard to the surfaces analyses, are near the limit of detection; nevertheless the 

investigation carried out in association with the sequential dissolution procedure, could give first, but not 

conclusive, results. A characterization of bottom ash by chemical investigations is surely mandatory but it 

should be integrated with specific tests regarding risk assessment of this kind of waste. 
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1. Introduction 

 
Photocatalysis can be exploited in numerous applications for the solution of emerging environmental 

problems such as the reduction of pollutants in aqueous media or the environment preservation from 

bacterial contamination. Titanium dioxide (TiO2) based devices have been deeply investigated during the last 

decades, nevertheless the need of an UV light source as well as the need to support and recovery TiO2 

nanoparticles limited their spread. Zeolites are hydrated alumino-silicate minerals consisting of a three-

dimensional open structure with excellent ion exchange and sorption properties, which makes them notably 

useful for resolving a number of environmental applications. Their effectiveness is strictly connected to their 

typical structural characteristics, which facilitates pollutant adsorption and encapsulation as well as catalyst’s 

support. In the current work, magnetic zeolites from waste recovery have been successfully employed to 

remove contaminants from polluted water, as their main advantage is their easy removal from the medium 

using an external magnetic field. 

 

2. Results and Discussion 

 
A new catalyst has been developed consisting of nanometric TiO2 supported on materials obtained from the 

treatment of industrial wastes (fly ash and/or fly ash mixed with red mud) containing iron in their chemical-

mineralogical composition and showing potential magnetic properties (MaM). MaM materials represent an 

excellent example of circular economy: in fact, the industrial waste is converted into a product with high 

technological value that can be used, together with a photocatalyst, in the degradation of emerging pollutants 

in aqueous media. In particular, TiO2 nanoparticles are synthesized through a sol-gel synthesis and the gel is 

then dried in an oven at 105°C for 12 hours. Photocatalyst powders are then mixed with MaM through 

ultrasounds in an aqueous solution, using different pH conditions: 0.1 M HNO3 was used for the acidic 

solution while 0.1 M NaOH for the alkaline one. The different suspensions were finally subjected to two 

different thermal treatments (90°C under vacuum or 200°C). The synthesized devices are fully characterized 

by means of XRD, SEM and BET analyses and their photocatalytic activity is evaluated through the 

abatement of methylene blue solutions, according to the ISO norm 10678:2010. The most efficient 

photocatalyst (TiO2+Fly Ash) has been also tested on a fluoroquinolones solution in order to prove its 

efficiency on emerging contaminants like antibiotics are. 

 

3. Conclusions 

 
Using magnetic zeolites as heterogeneous photocatalysts’ supporting material has the potential to make 

wastewater treatment simpler than the conventional process, which involves time and energy consuming 

centrifugation or filtration steps. Another interesting aspect concerning magnetic zeolites is that the 

precursors employed for the synthesis are waste materials, such as fly ash (FA) and red mud (RM), which are 

abundant, easy to recover and cheap. In addition, large amounts of FA and RM are deposited in landfills 

resulting in an increasing environmental problem. FA and RM transformation into supporting magnetic 

zeolites represents an example of a green process, as their synthesis is useful for solving water pollution 

problems via a simple economic process and for the reduction of waste material deposition in landfills. 
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 a) 

 b) 

 c)  
 

Fig. 1 – a) SEM image of Fly Ash – b) XRD spectra of Fly Ash (blue), anatase TiO2 (red) and Fly 

Ash-TiO2 (green) – c) Elemental composition of Fly Ash sample 
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1. Introduction 

 
Particulate air pollution is a mixture of solid and/or liquid particles that vary in size, composition and origin. 

These particles enter the atmosphere by natural pathways or by the action of man. The undeniable effect of 

the presence of particulates in the atmosphere is the growing number of people affected from respiratory 

problems, lung cancer and cardiopulmonary diseases. Source apportionment based on bulk chemical analysis 

often uses advanced statistical tools for a detailed source categorization. This study is aimed to perform a 

source apportionment by the PMF5.0 of PM10 and PM2.5 collected simultaneously in a costal rural site 

located in the Puglia region (South-Eastern Italy). 
 

2. Results and Discussion 

 
The PM10 and PM2.5 samples were collected on Teflon and quartz membranes (47 mm diameter, 0.8 μm 

pore size, Nuclepore Whatman) using a low volume sampler (Tecora Charlie HV) operating at a flow rate of 

2.3 m3h-1. The sampling time was set at 24 h. Quartz filters have been used for the determination of 

elemental carbon (EC) and organic carbon (OC), while the teflon or polycarbonate filters were used for the 

determination of water-soluble ions and elements. Measurements were performed between September and 

October 2015. The source apportionment study has been performed using the Positive Matrix Factorization 

Model (EPA-PMF5.0). Results allowed to identify 7 sources contributing to PM in the studied area: crustal 

characterised mainly by Si, Fe, Ti and Al; crustal re-suspended dust characterised mainly by Ca2+; 

secondary organic aerosol characterised by OC, sulphate and ammonium; traffic emissions characterised by 

OC, Cu, Zn, and high amount of EC; combustion characterised by OC, EC and K; Secondary Inorganic 

Aerosol characterised by NH4+ e SO4--; sea spray characterised by Na+, Cl-, and Mg2+. 

The sea spray, the crustal and crustal re-suspended dust sources are mainly present in the coarse fraction, 

while SIA, SOA, Combustion and traffic emissions characterize the fine fraction. An higher concentration of 

the crustal source has been observed in some days which are characterized by Saharan dust outbreaks. 

 

3. Conclusions 

 
The source apportionment analysis performed with PMF allowed to investigate the contributions of seven 

sources. 
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1. Introduction 

 
Trichloroethylene (TCE) is a halogenated aliphatic organic compound that belongs to the pollutants class of 

chlorinated volatile organic compounds (Cl-VOCs) [1]. In the last years, several remediation strategies have 

been developed to reduce the emission of the this pollutant in the atmosphere. Catalytic oxidation is an 

interesting method since it allows to work at low temperatures (250-550°C) with a great reduction of 

energetic costs respect to traditional incineration technique. The activity of mayenite in the catalytic 

oxidation of chlorinated organic compounds was recently investigated obtaining interesting results [2].  
In this work, mayenite-based catalysts with two different loading (1.5% and 2.0% nominal) of the eco-

compatible Fe2O3 (Fe-mayenite) were synthesized and tested for the gaseous oxidation of TCE. Their 

activity have been compared with that of a mayenite without any extra metal added. 

 

2. Results and Discussion 
 

The synthetized catalysts have been tested for the oxidation of TCE by monitoring the conversion percentage 

as a function of the temperature (light-off curve). As reported in Figure 1, 2.0 % Fe/mayenite showed the 

best results among the different catalysts tested. 

 
 

Fig. 1 – TCE conversion for mayenite (red), 1.5% (green) and 2.0% (black) Fe/mayenite 

 

 
This result was due to the synergistic effect of the metal and the anionic oxygens present in the mayenite 

framework, that enhanced the catalytic performance of the catalyst. Moreover, it was noted that the presence 

of iron did not alter the selectivity of the reaction. Finally, stability experiments showed that the presence of 

iron on the mayenite extend its catalytic activity, without any significant deactivation after 8 hours of 

mailto:aintiso@unisa.it


187 
 

reaction. This last result is attributed to the unique anion-exchange properties of mayenite; that is, oxygen 

anions in the cages of mayenite can be exchanged for Cl- during the oxidation reaction, thus enhancing 

catalyst stability [3]. 

 

3. Conclusions 
 

Fe-doped mayenite catalysts were synthesized, with different iron loading, obtaining active and selective 

material able to oxidize quantitatively TCE in the gas phase. All the synthesized catalysts showed excellent 

performances for the TCE oxidation, completely converted in CO2, CO and HCl. 2% Fe2O3 mayenite was 

found the best catalyst in terms of T50 (300 °C). This result was correlated with an optimum combination of 

the oxidative properties of the mayenite active support and the prominent role of iron oxide in oxidative 

catalysis. 

In conclusion our preliminary experiments encourage further studies in the direction to prepare new green 

catalysts for the Cl-VOCs abatement. 
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1. Introduction 

 
White pigments based on titanium dioxide are commonly used in contemporary art. Initially titanium dioxide 

was proposed mainly in the form of anatase, easier to produce, and then as rutile, more opaque and stable [1]. 

Rutile and anatase polymorphs are known to significantly influence the stability of the binder: anatase can 

contribute to degradation phenomena such as chalking, cracking and yellowing, while rutile (less photoactive 

than anatase) seems to have a partial protective effect on the binder [2, 3]. The preventive conservation of 

contemporary paintings requires accurate information on the behaviour of the binder-pigment mixtures and 

for this reason it was decided to deepen the knowledge regarding the reactivity of rutile-anatase titanium 

white mixed with linseed oil, a binder still very widespread in contemporary art. 

The first step of this research involved the development of a suitable methodology for the identification of 

the two polymorphs, both in mixture with each other and with other white pigments (zinc white and 

lithopone) using a portable Raman instrument. The identification and distinction of anatase and rutile in the 

pictorial films through non-invasive analysis is essential for evaluating the effects induced by the presence of 

these pigments. 

24 mock-ups prepared by mixing linseed oil and variable percentages of the two polymorphs were produced 

for the identification of rutile and anatase, also in mixture with zinc white and lithopone (BaSO4, ZnS). The 

identification of the pigments was done with portable Raman with two lines of laser emission at 785 and 

1064 nm. 

To study the interactions binder-pigment, four series of samples were produced: two obtained by mixing 

rutile with cold-pressed linseed oil (binder: pigment ratio = 1:1) and two obtained by mixing TiO2 in the 

form of anatase, always in a 1:1 ratio with the oil. One series for each polymorph was stored in laboratory 

environment, the other two series underwent accelerated photochemical ageing . The film transformation 

processes were followed employing different analytical techniques (TG-DSC calorimetry, SEM, MO 

observations, colorimetry, FTIR-ATR) applied both to the naturally aged series and to the one subjected to 

accelerated photochemical ageing (411 hours; 280<<2000 nm). All surveys were carried out after one 

month of aging of the specimens, considered as point zero, under laboratory conditions (natural light, RH 50-

55%, T 20-22 °C). 

 

2. Results and Discussion 

 
Raman spectroscopy allowed for the identification of rutile and anatase both in the mixture with each other 

and with zinc white and lithopone. Rutile is detectable yet when present at 10% (absorption band at 444 cm-

1), while anatase is identified, thanks to an absorption band at 516 cm-1, at 10% and at 25% with the 1068 cm-

1 and 785 cm-1 laser respectively. When mixed with ZnO and lithopone, anatase and rutile are both detectable 

at low percentage (around 5%). This result is very interesting because it allows to detect the presence of 

photoactive pigments and therefore to carry out specific monitoring activities. 

Regarding the binder-pigment interactions, macroscopic observation clearly showed that the aged pictorial 

films are morphologically different depending on the type of pigments used. The rutile leads to the formation 

of pictorial layers less homogeneous, in comparison to those obtained with anatase, and tending to a rapid 

yellowing, even when exposed only to natural light. The reflectance curves relative to the samples at time 

zero indicate a different S-shape, with a variation of reflectance (band bap) towards 400 nm for rutile and 
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towards 380 nm for anatase. After 115 days under laboratory natural aging, an increase in reflectance for 

rutile and a decrease for anatase is observed in the same wavelength range (between 420 and 550 nm). 

Colorimetric analysis show that the most significant chromatic displacements concern a* and b*: with 

always an increase in the red and yellow components, the latter less marked when anatase is present. The 

transformation process of the lipid component assessed by FTIR-ATR does not show significant differences 

among the two polymorphs. 

Photochemical ageing involves the formation of craquelures in the films. The reflectance curves of the rutile 

specimens show an increase in R% in the range of 380-480 nm, while the anatase specimens indicate a much 

smaller increase in the range of 400-480 nm. Colorimetric measurements show a general increase of a* (red 

component) and decrease of b* (yellow component). 

The transformations undergone by the specimens were highlighted by comparing the calorimetric curves 

before and after the photo-ageing [4]. Initially, the rutile and anatase thermograms show different thermal 

behaviour, in particular combustion temperature, which is higher in rutile samples than in anatase samples. 

The rutile-based samples undergo limited transformations, with an enlargement of the peak corresponding to 

the first oxidative decomposition (exothermic peak). The combustion temperature, after the photo-ageing, 

seems to be slightly lower (peak around 520 °C). The anatase based samples shows more evident changes: 

the first oxidative decomposition peak (around 400 °C) decreased by about 30 °C, while the combustion 

temperature of the oil slightly increases. FTIR- ATR analyses performed on the specimens before and after 

photochemical ageing do not display substantial variations useful to better understand the related 

thermograms. 

 

3. Conclusions 

 
The use of portable Raman spectroscopy allows the detection of rutile and anatase in mixtures with other 

pigments and in percentages around 5%. The distinction between the two polymorphs, which is crucial for 

predicting the their possible interactions with a binder, is evident starting from a mixing ratio of 1:4 (rutile: 

anatase). 

The influence of titanium white on the aging processes of the linseed oil-based paint layers was highlighted. 

Titanium dioxide in the form of rutile tends to stabilize the painting compared to anatase, as expected in 

force of its photo-reactive characteristics. The TG-DSC analysis showed clear different thermal profile 

between the aged samples, which are not recorded with FTIR. This could indicate that the ageing processes 

of the films in presence of these pigments lead to the formation of complex cross-linked structures , but with 

reduced variations in the groups present and therefore not detectable with the FTIR. This means that the 

ageing mechanism of films based on TiO2 can lead, at least in the early stages of ageing, to different 

mechanical behaviour of the films themselves, with important consequences from a conservation point of 

view. 
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1. Introduction 

 
Chronic Obstructive Pulmonary Disease (COPD) is a disease that is characterized by persistent respiratory 

symptoms and airflow limitation that is due to airway and/or alveolar abnormalities usually caused by 

significant exposure to noxious particles or gases. Tobacco smoking is the primary cause of COPD, although 

air pollution and occupational exposures to a number of hazardous chemicals are also important preventable 

causes [1-2]. According to Word Health Organization COPD in 2020 will be the third leading cause of death 

and the fifth of disability in the world [3]. It has long been recognized that in the clinical management of 

COPD, the most important strategy is preventing the occurrence of acute episodes of COPD exacerbation. In 

2013 in Trieste Province such episodes were found to be the first cause of hospitalization [4]. 

 

2. Results and Discussion 

 
Aiming to establish if COPD exacerbation episodes in Trieste Province can be correlated to the presence of 

daily high outdoor pollution episodes, we collected several month records about hospitalizations of COPD 

patients (date, disease stage, symptoms) and the corresponding pollutant data (PM10, NOx, benzene, O3) 

collected by the Regional Environmental Protection Agency in five sites (ARPA-FVG). In 2016 twenty six 

hospitalizations have been recorded, preliminary results showed that in winter the hospitalizations were 

gathered mainly in days in which PM10 and NOx showed high concentrations whereas in summer they were 

referred to days in which benzene and O3 were higher.  

 

3. Conclusions 

 
The analysis of 2017 and part of 2018 data (more than thirty hospitalizations) is still ongoing, numerical 

correlations with pollutant data will be presented. The study aims at providing local evidences supporting 

guidelines for enforcing environmental policies of restriction for emissions at local and regional scale and for 

promoting clean technologies with smaller impact on targeted air quality parameters. 
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1. Introduction 

 
Egyptian Blue is one of the most ancient artificial pigments, first produced during the 4th Egyptian Dynasty 

(~ 2500 BC); it was diffuse in all of Mediterranean basin, and widely used also in the Roman Empire. The 

general stoichiometry is CaCuSiO4 (corresponding to the natural mineral Cuprorivaite), obtained mixing 

CaCO3, silica sand, a copper mineral (generally malachite), a flux based on sodium or potassium salts and 

heating at 850 – 950 °C. The so synthesized compounds is a powder with a characteristic and intense blue 

color (Fig. 1). A very interesting feature of this pigment is its broad emission in the near infrared region 

when excited with a visible source. This unique property allow its identification through non-invasive 

analysis, performed also directly in situ [1, 2]. 

 

2. Results and Discussion 

 
The diagnostic technique, called Visible Induce Luminescence (VIL), requires absence of parasitic light in 

order to acquire only infrared luminescence produced by areas characterized by the presence of Egyptian 

Blue, while the rest of the subject remains completely dark and undetectable by the CCD sensor of a IRUV 

modified camera. Consequently, the visible excitation source is often filtered using one or more IRUV cut 

filters. Indeed, the introduction of a controlled portion of IR parasitic light leads the three-dimensional 

photomodelling of objects obtaining also a spatial resolved distribution of the pigment on the artifacts 

surface.  

Eight votive statues (kindly provided by Egyptian Museum in Turin) from the QV44 ancient Egyptian tomb 

were analysed. Through the VIL technique, it was possible to identify univocally the presence of Egyptian 

Blue, recognizing the distribution of the pigment on the artifacts. The same result was also achieved on 

vessels from the Kha’s tomb, exhibited in Egyptian Museum of Turin (Torino, Italy). Interesting, in this 

latter case, the investigations was performed directly in the exhibition room of the museum without the 

removal of the artifacts by the theca; moreover it was not open, demonstrating as the VIL technique is 

applicable also through the glass of the box. A same strategy was also use for the investigation of 

Pasherienaset’s sarcophagus (Fig. 1) preserved in the Archeological Museum in Pegli (Genova, Italy). 

Decreasing progressively the number of filters in front of the excitation source it was possible to partially 

discern the artifacts surface in order to reconstruct the shape during the post production process. In this way, 

it is also possible the 3D reconstruction of the object and reflectance transformation imaging applications 

(RTI) in VIL band. 

 

3. Conclusions 

 
The VIL technique is a powerful and unique technique able to identify the presence of Egyptian Blue in 

artifacts without any invasive process. The use of IR parasitic light allow RTI application and 3D 

reconstruction of the objects and the spatial resolved distribution of the pigments on the analysed surface. 
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Fig. 1 – Egyptian Blue (left) and picture of Pasherienaset’s sarcophagus collected in the visible 

(right – up) and in the near infrared region (right – down); the white area indicate the presence of 

Egyptian Blue. 
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1. Introduction 
 

Color is an “exhibition” of matter not easily measurable, and hence not easily communicable, as it is the 

result of a subjective response to a photostimulation of retinal visual receptors. Nonetheless, a proper, 

universally shared definition of chromatism is essential in the fields of Art and of Cultural Heritage, as well 

as in other fields of common human life, and the search for objectiveness in such topic as a ground for 

correct information exchange represents a never-ending theme in scientific advancements. 

On the other hand, in the manipulation of Cultural Heritage artworks for identification/attribution or in view 

of conservation and restoration purposes, the availability of non-destructive, portable, straightforward, rapid 

and efficient analytical systems represents a key issue in chemical diagnosis, as a mandatory support to 

proper interventions on precious materials.  

 

The project outlined herein keeps account of both such demands, with the aim of evaluating the possibility 

that a reproducible, objective definition of chromatism could be achieved by means of a proper processing of 

analytical data obtained with a fast, easy, portable, relatively cheap and absolutely non-invasive acquisition 

technique such as photography (colorimetry being used for comparison sake). 

 

2. Results and Discussion 
 

The project has been developed through the following steps, initially devoted to the preparation of 

representative samples to be subjected to periodical analysis, in order to assess main parameters for correct 

identification of pigments: 

a) preparation of a canvas, following the indications provided by the famous landmark text “Vite dei più 

eccellenti architetti pittori et scultori italiani da Cimabue insino a tempi nostri”, by Giorgio Vasari (1511-

1574); 

b) application of various, representative pigments in different concentrations, in order to best appreciate 

within which limits such applications could be correctly identified; 

c) monthly acquisition of data by the use of either a digital camera or of a colorimeter; 

d) processing of (i) colorimeter acquisitions by means of a chemometric treatment [i.e. a multivariate pattern 

recognition via principal component analysis (PCA) [1], or (ii) digital images by means of calibration with 

such devices as X-RITE software (Fig. 1) or digital camera characterization based on polynomial modelling 

[2]. Photo analysis was performed using MATLAB software (Fig. 2) and the colorimetric values so obtained 

were compared with colorimetric acquisitions in accordance with color difference (CIEDE2000)) [3]. 

Reliability and validity of the used approaches can be evaluated by means of a statistical analysis. 

Specifically, dealing with photographic analysis, test-retest reliability is investigated by means of correlation 

parameters, intraclass correlation coefficient (ICC), and temporal variations, referring to the most appropriate 

color space representation. When validating the new approach and comparing colorimetric with digital 

images results, both parametric and non-parametric correlation can be exploited, such as Pearson and 

Spearman r parameters. 
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Main tasks of preliminary investigations are: 

a) comparison of colorimetric vs. digital images regarding objectiveness of pigment identification; 

b) verification/validation of constancy of pigment identification with time. 

 

 
 

Fig. 1 – Application of X-RITE plugin for the calibration of digital images. 
 

 
 

Fig. 2 – Application of MATLAB for the calculation of color values. 
 

Some encouraging results so far obtained and preliminary tentative “conclusions” will be reported and 

discussed. 
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1. Introduction 

 
Gold or composite gold/silver, gold/tin leaves were used as decoration motifs in several medieval wall 

paintings. The gilding layer could consist of pure gold or gold alloys. Various methods were used to make 

for the adhesion of the metallic leaves to the wall. A preparation layer containing ochres and iron alumino 

silicates (bole) mixed with an organic binder (linseed oil, for instance) was commonly employed for the 

application of the metallic tin (mordant gilding). The chemical characterization of the metallic leaves as well 

as of the preparation layer on which the gilding was applied is of fundamental relevance to clarify the 

painting techniques and to verify hypothesis about the chronology of a work of art.  

In the present communication, we present preliminary results concerning the chemical composition of the 

golden leaves of the wall painting "La Maestà" by Simone Martini. This wall painting of the 14th century is 

considered one of the masterpieces of Simone Martini. Samples taken from the gilded parts of this wall 

painting were analysed by Field Emission Scanning Electron Microscopy (FESEM) equipped with an Energy 

Dispersive X-ray (EDX) system and by Time of Flight Secondary Ion Mass Spectrometry (ToF-SIMS). 

FESEM allowed to determine the thickness of the metallic lamina whereas EDX, coupled with the extremely 

high sensitivity of ToF-SIMS, permitted to determine the composition of the metallic leaves showing the 

presence of trace of silver.  

 

2. Results and Discussion 

 
Samples taken from different gilded parts of the wall painting were embedded in epoxy resins and cut in 

such a way to expose the various layers of the cross sections. The diagnostic methods that we used are not 

destructive and samples could be used for further investigations with other techniques. 

FESEM-EDX results show that one type of metallic decoration consists of a leaf of pure (within the 

sensitivity of the analysis) gold deposited on a preparation layer containing iron, lead, silicon, calcium. This 

composition indicates that the preparation layer is based on iron oxides and aluminosilicates. As suggested 

by the observations with the light microscope lead and by x-ray diffraction lead is probably present as Pb3O4, 

which was used as siccative of linseed oil in the mordant method. ToF-SIMS spectra revealed the presence 

of silver in the gold leaf which was detected by EDX. 

FESEM-EDX analysis showed that the other type of metallic ornament consisted of a gold leaf applied on a 

tin lamina. The tin lamina was thicker (20 m) than the gold layer (3-5 m). Also for the composite lamina, 

ToF-SIMS analysis indicated the presence of traces of silver. Silver was detected not only in the Au leaf but 

also in the Sn lamina, probably due to diffusion of silver into the oxidized tin lamina. 

 

3. Conclusions 

 
The use of microanalysis techniques, FESEM-EDX and ToF-SIMS, allowed to determine the composition of 

the metallic leaves in the wall painting “La Maestà”. The results of the analysis show that the gilding consists 

of pure gold not alloyed with copper or silver. This both when the gilding leaf was applied directly on the 
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preparation layer and when it was applied on the tin lamina. ToF-SIMS, thanks to its high sensitivity, 

revealed the presence of traces of silver in the gold leafs. Silver is probably a contamination in the original 

raw material or introduced during the production process. The detection of traces of silver or other metals 

can provide useful information to determine whether the gold used in different parts of the same work of art 

has the same provenance or comes from different sources.  
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1. Introduction 

 
Assessment of past, present and foreseeable future ecological exposures to selected metal elements (As, Cd, 

Cu, Ni, Pb, Zn) in sediment and water was carried out with the objective to characterize the quality of the 

sediment and to support the management of the lagoon dredged sediment after dredging by integrating 

laboratory and modelling data. In the presented work MERLIN-Expo was selected as the modelling tool to 

simulate exposure due to its novelty and broad range of features [1, 2]. Furthermore, the model includes both 

observed external (sediments, water) and internal (clam soft tissue) exposure concentrations. The monitoring 

data and the bioaccumulation model were integrated in three exposure scenarios. The first exposure scenario 

(S1) considers past exposure to metals, exposure data were obtained from past monitoring initiative. The 

second exposure scenario (S2) was developed using recent measurements carried out as a part of a project on 

sediment environmental impact assessment (2017) to evaluate current exposure levels to the selected metals 

measured in surface sediment. Finally, the third exposure scenario (S3) estimates expected exposure to the 

elements after deposition of dredged sediment. Experimental metal exposure concentrations include recent 

measurements in 10-meter-long sediment cores. 

To the best of our knowledge this is the first attempt to incorporate bioaccumulation modelling directly in the 

impact assessment of sediment planned to be dredged for the construction of hydromorphological structures 

in the Venice lagoon. 

 

2. Results and Discussion 

 
S1 was aimed at showing past (2007) levels of internal concentration of metals in clams and to test the ability 

of MERLIN-Expo to predict metals concentration in clam’s soft tissue from 380 data points sampled within 

the area of interest. Indeed, when the same level of exposure to metals from sediments was fed into the 

bioaccumulation model the results obtained (S1P) are similar to the observed ones (S1O) with exception of 

Pb where overestimation of 1 order of magnitude was observed. S2 shows current external and internal 

exposure levels (2015) to metals in surface sediments which shall be considered as reference values to the 

exposure estimates for metals contained in the deep sediment. A consistent overestimation of modelled 

internal concentration (S2P) compared to observed ones (S1O) was demonstrated. Concentrations of As, Cd, 

Cu, Ni, Zn in sediments measured in S2O are almost twice as those measured in S1O. On the contrary, the 

levels of metals accumulated in the clam show reverse relationship, suggesting that other variables (such as 

physiological or spatial) should be considered in the model. 

S3 addressed exposure to deep sediments following their excavation. Simulated results show that exposure to 

metals from surface sediments (S2P) leads to higher accumulation of metals in clam than exposure to metals 

in deep sediments (S3P). To support this observation more field exposure data would be required to gain 

confidence in S2O. Overall, Zn is the most abundant element in sediment and this is reflected by its 

bioaccumulation in the tissues of the clam. Cd is the least abundant metal in both environmental matrices, 

and this is confirmed by bioaccumulation in clam. 
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Fig. 1 – Observed (2003/04/05/07) and predicted concentration in clam, against measured 

elements’ concentration in sediments. S1P (Scenario 1, Predicted), S2P (Scenario 2, Predicted), 

S3P (Scenario 3, Predicted), S1O (Scenario 1, Observed), S2O (Scenario 2 Observed). 

 

3. Conclusions 

 
Assessment of the quality of sediment subjected to dredging and disposal was carried out with support of the 

novel modelling tool MERLIN-Expo to address level of accumulation of selected metals in the edible clam 

Tapes philippinarum. The bioaccumulation study was conducted by using concentrations in clams from the 

field campaign and complemented by the modelling exercise. The organism can assimilate pollutants directly 

from the sediments or by its filter-feeding activity; however, the relationship between the metal concertation 

in sediments and in the clam soft tissue is not always clear. Experimental results are strongly affected by the 

characteristics of the sampling site related to the water column (temperature, chlorophyll a, and filtered 

particulate matter), surface sediments (grain-size, density, porosity, moisture, and organic carbon) and settled 

particulate matter (grain-size and organic carbon). Consequently, the variability of the environmental 

parameters affects the distribution of metals by changing their bioaccessibility to aquatic species. The 

modelling exercise supported by field data demonstrated the suitability of the MERLIN-Expo in the context 

of impact assessment of dredged sediments, and, despite the limitations, the applicability of the model in 

exploring possible risks related to ecosystem exposure to metals. The three exposure scenarios spanning 

large area and several years allowed to consider temporal and spatial variability of risk resulting from 

exposure to contaminated sediments. Finally, the good correlation between modelled and observed data 

found for the first scenario suggests to acquire more field data in order to extend the sediment impact 

assessment. 
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1. Introduction 

 
Steroid hormones are an important group of active molecules involved in various physiological functions, 

but also largely employed in human and veterinary medicine. They are excreted as free or conjugate 

compounds and not completely abated by wastewater treatment plants (WWTPs), which provide 50-90% 

removal efficiencies. Nowadays, natural and synthetic steroids are considered pollutants of great concern due 

to their potent endocrine disrupting activities in aquatic systems, which may cause feminization and 

hermaphroditism. The lack of adequate strategies for monitoring Endocrine Disrupting Compounds (EDCs) 

in the aquatic environment is highlighted in the European Water Framework Directive. This work is focused 

on the determination in environmental waters of three classes of steroid hormones: oestrogens, progestins 

and androgens. The complexity of environmental matrices and the low concentrations detected in those 

samples demand a pre-concentration step before the chromatographic analysis. A carbon-based hybrid 

material is used as solid-phase extraction (SPE) sorbent. Humic acids (HAs) were selected as the carbon 

source in the sorbent due to their low cost, green aspect and macromolecular base structure consisting of 

hydrophobic frameworks and abundant hydrophilic groups, that make them prone to be converted into 

mixed-mode carbonaceous material, by a simple pyrolytic treatment (N2 flow, 600°C, 1h). 

 

2. Results and Discussion 

 
Pre-concentration tests were undertaken on tap water samples (500 mL) enriched with 0.05-1 μg/L of each 

hormone (estrone, 17β-estradiol, 17α-ethinyl estradiol, progesterone, hydroxyprogesterone, 

medroxyprogesterone acetate and testosterone, see fig.1) using 200 mg of sorbent packed in 3 mL SPE tubes. 

Quantitative adsorption was observed at the sample native pH for all analytes, and a sequential elution with 

MeOH and ACN provided good recovery (80-115%) and enrichment factor (EF) up to 200. The affinity of 

HA-C@silica for hormones could be explained according to the presence of sp2 carbon embedding 

oxygenated functionalities that can provide a balanced hydrophilic-lipophilic interplay with the steroidal 

molecular structures. 

After SPE, hormones were separated and quantified by HPLC-ESI-MS/MS, with high selectivity guaranteed 

by Multiple Reaction Monitoring (MRM) mode. 
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Fig. 1 – Molecular structures of the target analytes. 

 

3. Conclusions 

 
In this work a sorbent material based on HAs pyrolyzed onto silica was successfully applied for the 

simultaneous pre-concentration of three classes of steroidal hormones from tap water. Pre-concentration tests  

on river and WWTPs effluents samples are ongoing, and the first preliminary results are very promising for 

the application of this sorbent material in more complex water samples. HA-C@silica proved to be a valid 

alternative to the commercial cartridges due to its easy and green preparation (no need for organic solvents), 

and the presence of hydrophilic-lipophilic functionalities. For these reasons, the applicability of the sorbent 

could be extended to the pre-concentration of other organic contaminants from aqueous matrices. 
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1. Introduction 

 
The present work has been carried out within the VALSOVIT project in collaboration with CAVIRO 

Distillerie. 

CAVIRO is a producer of first generation alcohol from dedicated raw materials and raw materials deriving 

from other processing waste (such as the by-products of winemaking). The processing waste containing 

minimum 83% of ethanol, that today is used for industrial use with low added value, derives from the 

production of alcohol for commercial use. 

For this reason, the study has focused on the conversion of waste ethanol coming from distillation heads and 

tails, and its valorization by means of suitable catalysts and reaction conditions for butanol synthesis as 

valuable intermediate for the production of maleic anhydride, from which second-generation of tartaric acid 

from natural sources could be obtained. 

This alternative process has been compared, in terms of environmental impact, with the other processes 

already existing on the market and in the literature (Fig. 1), through the life cycle assessment methodology 

(LCA) [1,2], using SimaPro software and Ecoinvent database [3]. 

 
Fig. 1 – Alternative routes for production of maleic anhydride 

 

2. Results and Discussion 
 

For the realization of the scenario of butanol production from ethanol, all the mass and energy flows taken 

into account for the reaction balances have been calculated by considering the synthesis of 1kg of butanol, 

taken as functional unit. 

Since the detailed flows related to catalyst production were unknown, its production has been modeled 

through the use of the FineChem software tool [4], developed by the ETH Zürich, which allows the 

estimation of resources consumption and environmental impact based on its molecular structure. The 

quantity of Ruthenium used per unit of catalyst has been added as input of resource. 
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In collaboration with LEAP research center, an estimation of the energy consumption necessary for the 

process at industrial scale has been included in the model, in order to compare the process developed within 

the VALSOVIT project with the others already available for the production of maleic anhydride (Fig. 2). 

 
Fig. 2 – Comparison of maleic anhydride (MA) production routes on an industrial scale, 

IMPACT2002+ analysis method 

 

3. Conclusions 

 
Preliminary results show a critical issue related to the efficiency of the catalyst, with the necessity of re-using 

it for many cycles to obtain a relevant environmental advantage. 

Assuming that the catalyst could be re-used for at least 25 cycles, in future (this would also have beneficial 

economic repercussions), the environmental impact of the entire maleic anhydride production process would 

be placed in an intermediate position. In fact, it shows lower environmental impact than the production from 

benzene, but greater if compared with the routes using the butane as raw material. 

Moreover, future endeavors in improving the global process efficiency (reaction yield, catalyst recovery rate, 

valorization of the co-products), would have positive results related to a lower total impact of the proposed 

technology. 
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1. Introduction 
Chemical reactions driven by sunlight are important processes in surface freshwaters where they are 

involved in the transformation of xenobiotic molecules and of naturally occurring compounds. The relevant 

reactions are generally divided into direct photolysis and indirect phototransformation [1]. Direct photolysis 

involves molecules that absorb sunlight and are transformed as a consequence. Indirect phototransformation 

involves reactive transients such as OH, CO3
, 1O2 and the triplet states of chromophoric dissolved organic 

matter (3CDOM*). The transients are generated by irradiation of photosensitisers such as CDOM (producing 
3CDOM*, 1O2 and OH), nitrate and nitrite (producing OH). Among these transient species, 3CDOM* is 

certainly the least understood one in terms of its nature (because of the poorly known nature of CDOM itself) 

and reactivity. Still, 3CDOM* is involved into the transformation of several organic pollutants [2]. In this 

work different triplet sensitisers that may be used as surrogates to estimate the second-order reaction rate 

constants of xenobiotics with 3CDOM* have been studied in silico. In particular, the experimental second-

order reaction rate constants measured for the photodegradation of 49 phenols with the triplet states of four 

model photosensitisers used as CDOM proxies (1-nitronaphthalene (1NN), riboflavin (Rbf), 4-

carboxybenzophenone (4CBBP), and anthraquinone-2-sulphonate (AQ2S)) have been used to derive 

Quantitative Structure-Activity Relationships (QSARs) on the basis of theoretical molecular descriptors. The 

choice of phenols is motivated by the fact that they are the most likely compounds to undergo triplet-

sensitised phototransformation in sunlit surface waters. The knowledge of reaction processes and rates is 

relevant for the estimation of the persistence of chemicals in the environment, and it is useful in hazard and 

risk assessment procedures. 

 

2. Results and Discussion 

 
Multiple Linear Regression (MLR) QSAR models, using the Ordinary Least Square regression (OLS) 

method were generated to find a relationship between the molecular structure of 49 phenols and the second 

order photodegradation rate constants mediated by the triplet states of four CDOM proxies: 1NN, Rbf, 

4CBBP and AQ2S. More than 1000 theoretical molecular descriptors were derived from 2D and 3D 

structures of the phenols after geometrical and semi-empirical minimisation in the software codes PaDEL 

Descriptors and Hyperchem, respectively [3, 4]. Photodegradation data mediated by different proxies were 

divided into several training and prediction sets. Parallel runs of the Genetic Algorithm Variable Subset 

Selection Procedure (GA-VSS) were used to select the best modelling variables in the software QSARINS 

[5, 6], i.e. QSARs, among the available structural information and the multiple training sets. These models 

were applied to predict the triplet sensitisation rate constants in the respective prediction set, in order to 

verify the external predictivity of the models. 

Results show that the best QSAR models were generated for the reaction rate constants with 3AQ2S* and 
34CBBP*. Therefore these reactions are the most suitable to simulate and predict in silico the 

photodegradation of phenols and similar compounds in the presence of CDOM. 
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Fig. 1 – Explorative comparison of the performances of QSARs generated using different proxies. 

 

3. Conclusions 

 
Statistically robust and externally validated QSAR models were developed to predict the photodegradation of 

phenols with CDOM using as best proxies the photosensitisers triplet states 3AQ2S* and 34CBBP*. These 

models will be used to design future experimental tests by focussing on one/two among the studied 

sensitisers, and to predict the photodegradation of new and existing substituted phenols and similar 

compounds on the basis of their chemical structure. These results provide additional insight into the 

mechanisms that regulate the fate of potential organic pollutants in surface waters. 
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1. Introduction 
 

A selection of historical textile fragments from the collection of Moisè Michelangelo Guggenheim, ranging 

from XV to XVIII century, has been investigated by means of non-invasive techniques in order to identify 

the coloring materials.  

The selected collection was donated to the Venetian School of Art applied to Industry (currently 

“Michelangelo Guggenheim”) by the homonymous antiquarian and collector, being one of the founders of 

the institution, with the aim to provide models for students studies. Later, the collection was dismembered, 

partly remaining to the school still conserving it; a small section remained to the heirs and the rest was 

divided between the Correr Museum of Venice (currently exposed at the Palazzo Mocenigo Museum, 

Venice) and the National Gallery of Ancient Arts of Trieste [1]. 

 

2. Results and Discussion 

 
The results of FORS (Fiber Optic Reflectance Spectroscopy) investigation on a selection of 44 textile 

fragments from the Art High School of Venice collection, dated between the 15th and 18th centuries, are 

here presented. 

The applied spectroscopic technique allowed a preliminary identification of most dyes, in particular 

indigotin, anthraquinones (madder and cochineal) and flavonoids, alone or as mixtures employed to obtain 

purple and green colors [2]. 

The spectral data were also elaborated through clustering analysis, which allowed the grouping of spectra on 

the basis of their spectral profile similarities and identified the inflection point wavelength as the main 

determining feature. 

 

3. Conclusions 

 
The study evidenced strength and weakness of a non-invasive approach for the characterization of natural 

dyes: the proposed method can be considered suitable when studying valuable ad delicate artifacts such as 

historical textiles, offering the possibility to rapidly acquire a large number of data without any damage to 

the substrate. In this way the study of colorants is possible, not only to determine the nature of dyeing 

substances, but also to properly guide further sampling for micro-destructive analysis for the chemical 

confirmation of dyes through other techniques such as HPLC-MS. The obtained results will help to focus 

future foreseen studies to solve specific problems related to the identification of yellow dyes and to the 

conservation of these fabrics. 
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1. Introduction 

 
The strategy for the Adriatic-Ionian region and related cooperation programs are paying more and more 

attention to preserving its environment. The marine litter (ML) represents a recent concerning environmental 

issue, resulting by lack of sustainable development and constituting a relevant obstacle to a sustainable 

growth of coastal areas. Concern over the presence and importance of ML in the Adriatic Sea clearly 

emerged during the recent IPA-Adriatic DeFishGear (DFG) project (2013-2016), which highlighted that 

disposable plastic items and fishing gears contribute significantly to anthropic debris generation in this area. 

However, it was established also that local communities, coastal tourism and the fishing sector, contribute to 

the problem, but can also be part of the solution. The fishing sector has in fact a strong potential in dealing 

with ML issue, for both prevention, by increasing awareness in a correct obsolete fishing gears disposal, and 

reduction, by acting in Fishing for Litter (FfL) initiatives. The FfL pilot activities carried out in the DFG 

project highlighted that the lack of uniformity at legislative and regulatory level constituted in many 

situations a raise of barriers for the implementation of management of ML recovered during the FfL. 

 

2. Topics 

 
The Interreg Italy-Croatia ML-REPAIR project, capitalizing previous results of DFG, coordinated by the Ca’ 

Foscari University of Venice and composed by 7 partners (4 italian, 3 Croatian) will be focused on strategic 

topics such as: 

- the enhancement of environmental education of coastal population and tourists, with attention to new 

generations, and fishery communities; 

- the optimization of strategies for ML monitoring and management that foresee an active and aware 

involvement of fishermen in the scientific process providing them of new “smart” tools (a dedicated 

Application for tablets); 

- a scientific investigation on polymeric composition and degradation of ML plastic fraction obtained from 

collected waste in order to provide recommendations for recycling feasibility. Furthermore, data about 

quantities, distribution, typology, polymeric composition and degradation conditions will be acquired to 

provide useful information for policy makers and scientists about potential sources, as well as dispersion and 

partitioning in the marine environment and microplastics generation processes. 

 

3. Conclusions 
 

The ML-REPAIR project will aim at fulfill the gap due to social, legislative and economic differences 

existing between Italy and Croatia concerning ML management. The project’s aims, methodology, prospects 

and aspirations have been designed to be applicable to the Mediterranean region as a whole, developing 

collaborative activities among different entities and strengthening joint governance on ML management by 

means of: 

- testing new educational tools for an attitude/behavior change toward ML among future generations and 

fishery communities;  

- raising awareness of tourists on the coastal areas, so supporting a sustainable growth of this sector;  

- providing data and innovative tools to policy makers, fulfilling the necessity of barriers removal for trans-

national ML management initiatives;  
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-  reducing ML by straightening the co-operation between science and fishery-related organizations; 

- consolidating the cross-border cooperation in the Adriatic area, exchanging knowledge and reducing the 

gap between diverging approaches;  

- reducing and preventing marine pollution, and improving the environmental quality of Adriatic Sea 

ecosystem in the long term. 

Furthermore, the project will provide detailed information about typologies and amounts of the collected ML 

during FfL activities in the form of scientific reports and a Characterization Protocol containing guidance 

about procedures for the characterization of plastic ML fraction, to be applied as an additional tool the future 

planning of ML management, also in view of assessing its potential into the recycling cycle. Finally, physical 

and chemical data concerning ML polymeric composition, degradation status and other properties will allow 

to estimate the potential contribute of FfL activities on microplastics reduction in the Adriatic area. 
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1. Introduction 

 
Very recently, we have proposed an innovative synthetic pathway to produce glycidol through a new and 

highly efficient route based on the conversion of 2-chloro-1,3-propanediol, a by-product in the 

epichlorohydrin production plant. In this scenario, the use of glycidol as starting material to produce valuable 

chemicals appears to be very promising.[1] 

The present work deals with the selective preparation of monoalkyl glyceryl ethers (MAGEs)[2] starting from 

glycidol by ring opening reaction with alcohols in the presence of both Lewis and Bronsted acids under 

homogeneous and heterogeneous conditions. 

 

2. Results and Discussion 

 
MAGEs were synthesized under solvent free conditions at 80°C in only 1 h in the presence of homogeneous 

Bi(OTf)3 and Al(OTf)3, with a very low catalyst loading of 0.01 with high selectivities (>90%) and 

conversions of glycidol.[3,4] Furthermore, in the presence of heterogenous catalysts, Nafion shows the best 

performances in terms of conversion and selectivity to MAGES and also high stability favoring the total 

conversion of glycidol to MAGEs under mild reaction conditions (80°C, 3h, 0.5% in moles of catalyst)[5].  

A simplified life cycle approach was followed by comparing the sustainability of the proposed routes with 

that of the most investigated pathway from glycerol, in order to evaluate the green potential of MAGEs 

synthesis from glycidol. 
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Fig. 1 – Glycidol etherification with alcohols. 

 

3. Conclusions 

 
Results of our evaluation showed some potential benefits if scores were counterbalanced to those achieved 

by the traditional glycerol-based route. This study thus suggests the use of glycidol as a valuable alternative 

to reduce the potential environmental loads and promote a lower carbon society. These results offer efficient 

and selective routes for the production of monoalkyl glyceryl ethers under favorable reaction conditions 

including the Green Chemistry principles. 
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1. Introduction 

 
Photochemical processes play an important role in the degradation of biorecalcitrant emerging contaminants 

in surface waters [1]. These processes involve both direct photolysis and indirect photochemistry induced by 

photosensitisers, among which the Chromophoric Dissolved Organic Matter (CDOM) usually plays a very 

important role [2]. Irradiated CDOM does in fact produce a number of reactive transient species, such as the 

hydroxyl radical (•OH), singlet oxygen (1O2) and CDOM triplet states (3CDOM*) [3]. The latter are involved 

in the degradation of several micropollutants [4] but, because of the complex and still partially unknown 

structure of the CDOM, the nature of 3CDOM* is poorly known as well and this is an obstacle to the 

assessment of 3CDOM* reactivity toward target contaminants. This task can be simplified by use of proxy 

molecules for CDOM, and the easiest measurement is that of the quenching rate constants of triplet states by 

transient absorption spectroscopy (laser flash photolysis, LFP). However, this technique requires the 

availability of a costly laser apparatus and does not distinguish between physical and chemical quenching 

[5]. The actual reaction rate constant might be determined in steady-state irradiation experiments, but to do 

so one needs to know very well the photophysics and photochemistry of the studied system. For this reason, 

no experimental methodology was available to date to measure the reaction rate constants in steady-state 

irradiation experiments involving the triplet state of 4-carboxybenzophenone (3CBBP*), which at the 

moment seems to be the most suitable CDOM proxy [6]. This work aims at filling this important gap. 

 

2. Results and Discussion 

 
The reactivity of 3CBBP* was first studied by means of quenching experiments carried out with the LFP 

technique. The pseudo-first order rate constant of 3CBBP* decay was measured as a function of the 

concentration values of relevant dissolved species, including oxygen, phenol and furfuryl alcohol (FFA). The 

quenching rate constants obtained are upper limits for the reaction rate constants that can be derived by 

steady-state irradiation experiments [7]. 

In steady-state irradiation experiments, samples containing CBBP and phenol or CBBP and FFA were 

prepared. The time trends of phenol and FFA were fitted with an exponential function with a residual, and 

the initial degradation rate was calculated and plotted as a function of the substrate initial concentration. At 

least in theory, the degradation of the substrate could be induced by 3CBBP*, 1O2, •OH, direct photolysis and 

dark reactions. The last three processes were negligible with both FFA and phenol, and they were excluded 

from the model describing the degradation kinetics. In the case of phenol, the contribution of 1O2 was easily 

excluded as well because of very low reactivity between the two species (Fig. 1). We could thus propose a 

simple kinetic model where 3CBBP* is generated by CBBP irradiation and it is quenched by internal 

conversion and by interaction with O2 and with phenol. Only the initial linear part of RPhenol vs. [Phenol] 

could be fitted conveniently, probably due to additional processes such as back-reactions between radical 

species (Fig. 1). In addition, working on the linear tract of the curve makes it superfluous to know the rate 

constant of 3CBBP* decay to calculate the reaction rate constant, thus one does not need LFP experiments. 

Differently from phenol, FFA reacts very quickly with 1O2 as well as with 3CBBP*, and it is necessary to 

take both processes into account in the kinetic model. In this case the model fitted well the experimental data 

also at high concentrations of FFA. The formation of 1O2 by 3CBBP* has never been quantified, but the 

contribution of 1O2 to FFA degradation could not exceed 17% even in the most favourable conditions. 

Therefore, most of FFA degradation by irradiated CBBP is accounted for by 3CBBP*. However, one still 

needs to consider only the initial linear tract of the rate, plot to avoid the need for LFP experiments. 
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Fig. 1 – Initial degradation rate of phenol as a function of phenol concentration. The dashed red 

line represents the fit of the experimental data with the complete kinetic model, while the solid blue 

line was obtained with a simplified linear model, valid at low concentrations of phenol. The solid 

red line is the predicted upper limit for the reaction rate between phenol and 1O2. 

 

3. Conclusions 

 
The experimental data allowed us to develop a protocol for the measurement of the reaction rate constant of 

a generic molecule M with 3CBBP*. The protocol works as follows: (i) preliminarily measure or find in the 

literature the reaction rate constant between M and 1O2; (ii) study the initial rate of degradation of M (RM) 

induced by irradiated CBBP and detect the conditions at low [M] where the trend of RM vs. [M] is linear; (iii) 

if applicable, account for the direct photolysis of M by subtracting the direct photolysis rate from RM to 

obtain R'M; (iv) determine the slope m of the R'M vs. [M] line; (v) use m to obtain the reaction rate constant; 

(vi) verify that the uncertainty related to 1O2-induced degradation is negligible. Experiments are being 

conducted to quantify the formation of 1O2 by 3CBBP*, in order to avoid point (vi) and to calculate more 

accurately the reaction rate constant. 
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1. Introduction 

 
Iron (Fe) is the most important trace metal in the ocean, being involved in several metabolic pathways, 

including biosynthesis of chlorophyll, transport of electrons through the photosynthetic and respiratory 

transport chains and nitrate assimilation by phytoplankton [1]. 

Fe availability and its influence on phytoplankton community structure and nutrient cycling has been 

recognized in the Ross Sea. This region is one of the most productive of the Southern Ocean, thus 

significantly contributing to the CO2 sink. The most investigated source of Fe in the Ross Sea is sea ice 

melting, furthermore, icebergs, glacial input and resuspended shelf sediments can add a significant input of 

this metal to coastal and shelf areas [2]. 

The Fe input evaluation due to glacial melt water in the western Ross Sea is one of the goals of CELEBeR 

(CDW Effects on glaciaL mElting and on Bulk of Fe in the Western Ross sea) project. To this purpose, 

CELEBeR carried out ship measurements during a cruise in the austral summer 2016-17, as part of the 

Italian National Program of Research in Antarctica (PNRA). Dissolved and particulate Fe data were 

collected in 18 stations sampled in Terra Nova Bay area together with physical and chemical (O2, nutrients, 

CO2 system variables) properties. Seawater samples were filtered through 0.4 m pore-size PC membranes, 

collected in 200-mL PP bottles and stored at -20 °C until analysis. 

 

2. Results and Discussion 

 
The total dissolved Fe was determined by ICP-MS after a metal pre-concentration procedure through co-

precipitation with Mg(OH)2. The suspended particulate matter was solubilized with 8 M HNO3, using a 

microwave digestion system. The Fe determination in the solutions was performed by ICP-OES. Selected 

samples of particulate matter were analyzed by FE-SEM.  

The surface layer of the water column was occupied by Antarctic Surface Water (AASW), a relatively light 

water characterized by potential temperatures ranging between -1.8 °C and  positive values and by salinity 

values lower than 34.50. The intermediate and deep layers (from 150 m downward) were occupied by High 

Salinity Shelf Water (HSSW) and by Terra Nova Bay Ice Shelf Water (TISW), characterized by potential 

temperatures below freezing point. Dissolved total Fe both in the surface and in the deep layers range from 

0.43 to 2.54 nM. The concentrations are comparable with values reported for Antarctic coastal waters and 

significantly higher than those found in open ocean waters, because they reflects the contribution of 

meltwater input, either from ice or land. The concentration of the particulate Fe was about 10 times higher 

than the dissolved Fe concentration, ranging from 0.51 to 20.1 nM and it increased with depth. 

Preliminary results of the FE-SEM analyses and  of the Fe:Al ratio sustain the hypothesis that the glacial ice 

melting adds a significant input of Fe to the seawater. The area of Terra Nova bay is close to the Drygalski 

ice tongue fed by the David Glacier. Hence, water erosion of the basal glacial ice can scour lithogenic 

material, which can be an important factor influencing the particulate metal distribution in the intermediate 

layer of the water column. 

 

3. Conclusions 
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Water mass characterized by temperature below the surface freezing point and associated with Fe 

contribution was detected in the intermediate layers of the water column in the Terra Nova Bay area. 

Although our data were a snapshot in time and space, they allowed us to draw some conclusion on the source 

of Fe in the investigated area. An improvement would be achieved by going into details of the Fe chemical 

speciation to better understand how it could influence the phytoplankton activities through its bioavailability. 
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1. Introduction 

 
Urban art is gaining increasing importance and the affection of citizens. Nevertheless, the issue of conserving 

urban artworks has not yet been systematically addressed. Conservation initiatives on artworks located in 

public spaces are limited because of the absence of operational protocols and academic programmes in the 

conservation and restoration of urban art. 

Conservation of Art in Public Spaces (CAPuS) has established an alliance between manufacturers, restorers, 

universities and research centres to effectively contribute to the conservation of urban art. 

 

2. Results and Discussion 

 
The CAPuS project, co-funded by ERASMUS+- Knowledge Alliances, started in January 2018. The 

consortium is composed by 15 full partners and 2 associated partners from 7 countries. The two main goals 

of the CAPuS project are the development of guidelines for the protection and conservation of contemporary 

artworks that belong to street and urban art and the introduction of an innovative training module in higher 

education institutions. 

The project features an initial phase of structured dialogue with the artists and the formalization of artworks. 

The second phase is focused on the analysis of the artworks constituents and of ongoing degradation 

processes. This phase actively involves exchanges between teachers, students and researchers. The first 

result of this synergy is the rationalization of the types of artworks. Within the third phase, the profitable 

synergy with the companies will finally take place. This is when specific conservation methods and products 

will be tested and will be drawn up into conservation guidelines. 

 

 
 

Fig. 1 – Graphic description of the CAPuS project 

 
Internship opportunities for students at companies involved in the project are also envisaged. The results of 

this research are open-access and will constitute the basis to create an innovative formative module to be 
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introduced in higher education institutions. A pilot course will be taught during the project’s lifespan and an 

e-learning platform will be implemented. 

 

3. Conclusions 

 
Depending on the country, urban art differs in the mode of expression and, connected with this, in the types 

of materials that can be used. It also differs based on the local climate that may impact the artworks’ 

conditions. Each of the countries involved in the CAPuS project have developed its own best practices for 

various form of art, which can vary from one another. This project will offer to all the opportunity to 

establish a joint approach to the protection and conservation of urban art. 
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1. Introduction 

 
The sarcophagus of Hasti Afunei is a large Etruscan urn, dated from the last quarter of the third century BC. 

It was found in 1826 in the small town of Chiusi (Tuscany) by a landowner, Pietro Bonci Casuccini, 

becoming part of his private collection. Such collection was sold in 1865 to the Royal Museum of Palermo, 

now Antonino Salinas Regional Archaeological Museum, where it is still exposed. The sarcophagus is 

characterized by a complex iconography that is illustrated with an excellent sculptural technique, despite it 

has been subjected to anthropic degradation and previous numerous restorative works during the last century. 

During the restoration work carried out between 2016 and 2017, a thorough diagnostic campaign was carried 

out, in order to identify the constituent materials and the realization technique, reconstruct the iconography 

and answer to the various criticalities for the present and future conservation. In particular, in this restoration 

campaign has been possible to test the efficiency of an innovative micro-sampling technique, patented by the 

research group of Sapienza, in order to identify lake pigments through SERS analyses [1]. Furthermore, 

Raman and NMR technique have completed the information requested by restorers, for what concerns the 

wax employed as protective layers, and allowed to rebuild the conservation history of the sarcophagus. 

 

2. Results and Discussion 
 

The first problem of the analysis of pigments employed was represented by the thick overlaid protective 

layer, identified thanks to the NMR as beewax. This protective layer has almost entirely affected the Raman 

analyses in situ, due to the high fluorescence of the wax itself. For this reason, it has been decided, in 

agreement with the restores, to proceed with the innovative microsampling techniques, patented by Sapienza 

[2]. Thanks to this microsampling and its SERS active substrate, several pigments were identified, which are 

generally compatible with forging period of the artifact: blue parts are constituted of the Egyptian blue 

(CaCuSi4O10 or CaO  CuO  4 SiO2), while brown areas present the typical Raman spectra of hematite 

(Fe2O3) and goethite (Fe(OH)3), characteristic of ochres [3]. Black areas are constituted of carbon black, 

while a red ochre was used as red pigment. 

Moreover, GT-SERS micro-invasive analysis allowed individuating restoration interventions on the artwork:  

a sample of blue, coming from the dress of a character, was constituted by a blue phtalocyanine (PB 15, 

Fig.1), probably used in a restoration in 1950, while the green color is a mixture of three pigments, Emerald 

green (Cu(C3COO)2, chrome orange (PbCr2O – PbMoO4) and chrome yellow (BaCrO4), whose presence can 

be attributed to restoration in 19th century. 

Finally, use of GT-SERS sampling was fundamental to identify a lake in pink details on some blue areas, 

where standard Raman spectroscopy resulted ineffective because of high fluorescence background: a high 

signal to noise ratio SER spectrum was acquired on the micro-sample, which resulted constituted by madder 

lake, used by the artist for the decorations of the dress. 
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Fig. 1 – Raman spectrum of a Blue sample, showing the signals typical of PB 15. 

 

3. Conclusions 
 

Through Raman and SERS analyses, it was possible to determine the presence of original pictorial drafting 

and other traces of pictorial interventions of the 19th and 20th centuries. The presence of large original painted 

decorations that has survived the time is certainly a matter of considerable importance. The state of 

conservation, after 2300 years, of pigments such as ochres, blue Egyptian and madder lake pigments on a 

piece of alabaster provided new information about the artistic technique used by the Etruscans in the 

decoration of large urns in alabaster. Finally, the application of GT-SERS micro-invasive sampling technique 

resulted in high quality Raman and SER spectra, allowing the identification of original and restoration 

materials, belonging both to inorganic and organic classes. 
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1. Introduction 

 
“A New LIFE for Mar Piccolo” (Life4MarPiccolo - LIFE14 ENV/IT/000461) project aims to the 

requalification of the Mar Piccolo basin (Ionian Sea, Southern Italy) through a recovery action of a 

contaminated portion of the seabed and seawater (about 3000 square meters), by the membrane 

microfiltration technology. Moreover, the project aims to provide valuable tools for the sustainable 

management of marine areas. For this purpose, an intervention protocol for the environmental recovery of 

Italian and European coastal marine sites (inland lagoons, port areas, etc.) with similar pollution problems to 

those of the Mar Piccolo of Taranto will be developed. The development of this protocol will include the 

construction of a multi-assay diagnostic kit for assessing the quality of marine waters. 

The study proposed by the IAMC CNR of Taranto as part of the “A New LIFE for Mar Piccolo” project has 

aimed to characterize from the chemical-physical and biological point of view the contaminated marine area 

in which the pilot plant will be positioned to exploit a microfiltration technology for contaminants 

remediation. The selected test area is represented by a sea portion near to the “Mancini shipyards”, located in 

the first inlet of the basin “Mar Piccolo” of Taranto (Ionian Sea, southern Italy). The basin, located in the 

Northern area of the Taranto town, is an inner, semi-enclosed basin (surface area of 20.72 km2), with lagoon 

features affected by different anthropogenic pressure relate to presence of the iron and steel factory (ILVA), 

Navy military base, oil refinery (ENI), shipbuilding and other industrial activities that are responsible for 

marine environmental contamination (heavy metals, polycyclic aromatic hydrocarbons – PAHs and 

polychlorinated biphenyls – PCBs and other contaminants). 

In this work are reported the detailed chemical and physic-chemical characterization results of the selected 

pilot area (marine water and sediments) during the “ex ante” phase of the Life project (November 2018). 

 

 

2. Results and Discussion 

 
Concerning chemical-physical characterization of marine water (four observation stations), principal results 

showed that the salinity values ranged from 35.0 to 36.3 ‰ while dissolved oxygen ranged from 8.3 and 9.0 

mg/L. Water temperatures were in the range 13.7 – 14.0 °C. These obtained values were typical of the 

autumn period in the first inlet of the Mar Piccolo basin. 

Two stations consisted mostly of fine particles (sandy clay), while other two stations were characterized by a 

sand percentage of about 70% (clayey sand). 

Sediments collect in this area showed critical levels of contaminants: metals, PCBs and PAHs 

concentrations. In fact, in the overall stations, the obtained results were above the limits imposed by existing 

National and Community Legislation. 

Regarding PAHs congeners distribution, the profile was dominated by the presence of compounds with high 

molecular weight like fluoranthene and pyrene. Σ18PAH in the four stations ranged from 4113 to 56245 µg/kg 

d.w. ΣPCBs concentrations ranged from 44.0 to 1585 µg/kg d.w.. 

Concerning trace elements, Cu, Hg, Zn, Pb e As concentrations exceeded the “intervention values” set by 

ISPRA [1] for the Taranto Site of National Interest (SIN). As regard Tessier speciation of metals, more than 

50% of metals were found in bioavailable form (F1+F2 fractions). 
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Fig. 1 – General scheme of the “A new life for Mar Piccolo” project 

 

3. Conclusions 

 
The obtained results confirmed the high degree of contamination of the sediments of the selected test area by 

PCBs, IPA and metals. At the end of the project activities, in the reclaimed area, we hypothesize the 

reduction of surface sediment contamination and, therefore, of bioaccumulation processes that will be 

evaluated by mussel watch experiment during plant operation. This approach will allow, in particular, to 

bring down contamination of PCBs, PAHs and heavy metals from the seabed, and consequently from the 

water column, reaching concentrations within the limits imposed by Community legislation and suitable for 

mariculture activities. Moreover, the prototype developed during the project can be re-used, and in case re-

modulated, for reclaiming wider areas within Mar Piccolo and in other Italian and European marine and 

coastal areas. 
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1. Introduction 

 
Deterioration phenomena occurring on outdoor-exposed cultural heritage have been the subject of several 

studies, but relatively few works have investigated the specific role of Particulate Matter (PM) in the 

corrosion of metallic artefacts. This topic is extremely complex, as the PM composition and the 

environmental conditions vary significantly in space and time, and because of the superimposition of several 

contributions to the deterioration processes from different initiators. 

To face the latter aspect, a device called “Deposition Box” was recently designed and validated to get rid of 

variables such as wind and rain in collecting ambient PM on different materials [1]. In any case, beside 

necessary field exposures, accelerated ageing tests are also required to isolate and better understand 

deterioration mechanisms due to specific variables. 

For this reason, preliminary tests have been performed to set-up a methodology to reproduce and analyze the 

effect of PM on quaternary bronze (G85) specimens through accelerated ageing in climatic chamber. 

 

2. Results and Discussion 

 
On a set of bronze samples, an equal amount (in term of equivalent) of single salts, respectively NaCl, 

NaNO3, Na2SO4, NH4NO3 and (NH4)2SO4, and a mix of them was deposited in order to evaluate the effects 

of each salt on the specimens and to compare the effects of anions and cations. Two deposition methods were 

tested: dry (directly depositing the salt on the surface) and drop (depositing the salt as water drop and drying 

it), simulating the initial chemical activation of the salts by RH% variations or by raindrops, respectively. 

Then, in order to better simulate the composition of real PM, a matrix containing representative amounts of 

soluble salts, mineral fraction, organic acids, elemental and organic carbon was formulated and dropped on 

the specimens. 

All the specimens were placed in a climatic chamber and underwent three weeks of aging cycles, consisting 

in periodic variations of T and RH. These variations were established according to the evaluation of 

meteoclimatic data (Arpae Emilia-Romagna) on an annual, seasonal and daily scale and in order to get at the 

deliquescence conditions of each soluble salt periodically. 

During the test, the surface evolution was followed through SEM-EDX, Raman, AT-IR and UV-Vis 

Spectrofotometry to acquire spectral reflectance curve and colorimetric data. pH of the surfaces was also 

monitored. At the end of the aging cycles, mass loss were determined and corroded metals removed by 

pickling were analyzed by Atomic Absorption Spectroscopy. 

Preliminary results show that, under the selected testing condition, corrosion products typically found on 

outdoor bronzes were able to form and evolve. NaCl led to clinoatacamite and atacamite; NaCl deposited as 

drop led, as final corrosion product, also to malachite, usually found onto archaeological manufacts and not 

revealed during other kind of wet&dry tests. Nitrates are the compounds that reacted less with the substrate, 

except for the initial formation of Pb nitrates. Only NH4NO3 induced formation of gehrardite, while NaNO3 

did not, probably because of pH influence. Cu sulphates progressively hydrated themselves during the aging 

cycles and formed brochantite in the end. Cuprite and lead carbonates were found on all samples from the 

first steps of ageing. 
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For a same salt, both dry and drop deposition modes led to the same corrosion morphologies and products, 

but at different times. For instance, under the drop deposition mode, the salts react more rapidly with the 

substrate than in the case of dry deposition, favoring a quicker formation and evolution of corrosion 

products. On the other hand, localized corrosion phenomena, in the form of pitting, are observed first under 

dry deposition than under drop deposition mode. So, dry deposition mode seems to better simulate the first 

stages of exposure to PM deposits, while drop deposition mode seems more suitable in order to reproduce 

long-term phenomena, bringing in relatively short time to the formation of corrosion products that outdoor 

form in the order of months and years. 

 

3. Conclusions 

 
Up to now, the procedures for aging the specimens show to be promising in accelerating and mimicking 

realistic corrosion phenomena. The formation of corrosion products typically formed on bronze over days, 

months and years of outdoor exposure was observed at each week-step, enabling to analyze separately the 

effects of anions and cations on reasonable time-scales, faster than the natural ones. The two deposition 

modes simulate different condition of chemical activation of PM deposits and allow to obtain 

complementary information. 
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1. Introduction 

 
In several UE zones, particulate matter concentrations are still widely above current law limits, and thus also 

to guide values proposed by WHO. In order to develop low-cost technologies to promote the air quality in 

urban areas, the European Commission encourages the research in the field of new materials, devoted to 

reducing the concentration of particulate matter. 

In the framework of the project “New material based on alginates from airborne particulates (Basalto)”, 

supported by INSTM and Lombardia Region, a new low cost, mesoporous adsorbent material obtained from 

a natural, high abundant raw material and a high volume industrial by-product is presented. Green and 

sustainable materials, process, and technologies were used in order to minimize the global impact of the 

remediation processes. This absorbent can have several application; among these, it was tested about its 

ability to entrap particulate matter (PM10 and PM2.5). 

 

2. Results and Discussion 

 
The material is synthesized starting from a silica slurry that was consolidated by the gelling properties of 

alginate and by decomposition of sodium-bicarbonate controlled porosity at low temperatures (70–80°C) at 

different scale lengths (Fig.1). The morphological characterization shows that the material is porous, similar 

to a sponge with micro and macro pores, that seem to be interconnected in between them. Thermal 

characterization shows that the thermal stability of the porous material results highly enhanced in respect to 

the alginate, suggesting the formation of a stable and resistant organic-inorganic network. Based on 

embodied energy and carbon footprint of its primary production, the sustainability of the new obtained 

material is evaluated and quantified in respect to activated carbon as well. It is shown that the new proposed 

material has an embodied energy lower than one order of magnitude in respect to the one of activated carbon, 

which represents the gold standards. The versatility of the new material is also demonstrated in terms of its 

design and manufacturing possibilities. In addition, this material can be printed in 3D. Finally, preliminary 

results about its ability to capture diesel exhaust particulate matter are reported. The material porosity results 

very effective in capturing particles. The sample exposed to diesel contains a large amount of carbon in its 

surface. 

 

3. Conclusions 

 
The material characterization demonstrated that it does not require a thermal treatment at high temperatures, 

but it is indeed self-stabilizing; ongoing tests indicate that at ambient conditions it becomes more stable and 

no degradation takes place. The possibility to shape the material by 3D printing highlights its high versatility 

and opens new possibilities. For example, since its capability to capture diesel exhaust PM, it may be applied 

as an external coating of buildings to reduce the concentration of PM. At the best of our knowledge, this is 

the first time that hybrid porous materials are proposed as a new class of sustainable materials, produced to 

reduce pollutants in the atmosphere. 
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Fig. 1 – Synthesis of the porous material 
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